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Special Features of the Motion of Satellites

By

8.G. Aleksandrov, R. Ye Pederov

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 surfaoe 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+hp +ha

2 (1.32)

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

the apogee and perigees

e = - (1.33)
2a

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

tazoe 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).

FTD-T'-62-121/1+2 1



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 1690 km it is 2 hr, and at a height of 35,800 km the oircling

time equals a sideral day (the rotation time of the earth around its axis).

Fig. 5. Orbit of satellite Fig. 6. Elliptic and circular
R - earth's radius; h - height orbits of satellite
of satellite over the earth's
surface; P = point of perigee;
A - point of apogee; 0 - 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 circular 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 axe given in

Table 7.

The circular velocity near the earth's surface is about 7900 m/see.

FTD-TT-62-121/1+2 2



With an increase in the height the circular velocity decreases. It is about

3070 r/leo for a height of 35,800 km (an orbit with a period of about 24 hr).

TABLE 6
Cirolinc Time of Satellite

Average flight Circling time, Average flight Circling time

altitude. km hr. altitude, km hr.

0 1,41 1690 2,00
250 1,49 2000 2,12
500 1,58 5000 3135
750 1,66 10000 5,78

1000 1,75 35800 23,935
1500 1,93

As a satellite move about an elliptic orbit, its velocity 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 circular velocity at the perigeal height, and the velocity at

the apogee is less than the circular velocity at the apogeal height.

TABLE 7
Values of the Circular Velooity of the Satellite

Height, km Circular vel- Height, km Circular vel-
ocity. /see . ooity, m/9o

0 7909 1690 7032
250 7759 2000 6901
500 7617 5000 5921
750 7482 10000 4935

1000 7354 35800 3072
1500 7116

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.

fTD-TT-62-121/1+2 3



TABLE 8
Values of the Satellite's Velocity it the Perigee

and Apogee of Orbit

• .~e -! .. . - ,,m -.- , ao ,m

-- I I,

756 H54jtOr UT 5M 3W

The orientation of orbit in space and its position with respect to the

earth's system of coordinates are usually determined by the value of the

inclination of the orbit and the value of the right ascension of the ascend-

ing node. The inclination 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 plane of the

earth's equator passing from the Southern hemisphere to the Northern, Cor-

respondingly,.the opposite point on the orbit is called the descending node,

and the line connecting 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 called the right ascension IL.

Along with an indication of the orientation of the plane of the orbit

in space, it is neoessary 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 ascend-

ing node c (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 t0

are usually used.

Therefore the motion of a satellite about an orbit can be oharaoterised

by six elodentss the inclination of the orbit j the right ascension of the
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ascending node -C)-, the semimajor axis of the orbit aj its eccentricity e.i

the argument of the perigee C) and the passage time of a satellite through

the ascending node to (Fig. 7).

As a satellite moves in a central gravitational field and in the absence

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

periodio motion of the satellite in orbit oan continue for an indefinitely

great interval of time.

Fig. 7. Orbital elements of a satellite.

i is inolination;JMis the right ascension of the ascending node;
P is the orbit's perigee; PI is the projection of the perigee on
the earth's surface; A is the orbit's apogee; Al is the projection
of the apogee on the earth's surface; 3 is the ascending node of
the orbit; BI is the projection of the ascending node on the earth's
surface; X is the descending node of the orbit; HI is the projection
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 influenced

by a number of additional factors, These includes atmospheric drag, the

difference of the earth's gravitational field and a central, fields of solar

and lunar gravitation.

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

thus can be considere4 as perturbations of the basic, IKeplerian motion of
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the satellite described above.

The true motion of a satellite can be represented as its motion about

a Keplerian orbit whose basic elements are oontinuously varying, being a

function of time. The ourrent values of the orbital elements in this case

are called the ocoulting elements.

Fig. 8. Change in shape of a satellite's orbit 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.

For satellites moving within the upper layers of the atmosphere, its

resistance gradually changes the velocity of the satellite's motion and

causes continuous (secular) changes in the shape of its orbit. Yhe satellite

is most strongly decelerated during the time of perigee passage. As a result

of the satellite's deceleration its kinetic energy is diminished and the

apogeal and perigeal distances are shortened. In addition, a deroease in the

apogeal distance and height of the apogee takes plaoe considerably more

rapidly than a decrease in the perigeal distance and height of the perigee.

The eccentricity is continuously reduced and the orbit itself tends to oir-

oular (Fig. 8). Deceleration of the satellite upon shortening of its orbit
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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 kn the satel-

lite completes no more than 1-2 orbits. The tife of the satellite's motion

from the instant of its going into orbit to its complete deceleration in the

dense layers of the atmosphere is called its life time.

The degree of deceleration of the satellite, all other conditions being

equal, depends on its aerodynamio characteristics-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

aerodynamic characteristics 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

I 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 theoretical in-

vest igat ion. *
TABLE 9

Life Time of a Satellite (in days) in Elliptic Orbits

light of.- Height of apogee, In
peigth I 700 IMI I I'

M 9 Is By W~i 0
M4 2582 545 Ms 12,00 t1o ,,,0 so So" M

400 410 1H20 2630 448 660

* See Uspekhi Fisioheskikh NAuk, Vol. LXIII, No. Ia, p. 33, 1957
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TABLE 10
Life Time of Satellites in Circular Orbits

Height of circular Lift time,
orbit _ ayus
200 O,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

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

50 days. An increase in the apogeal height by 300 km (to 1000 km) leads to

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 circular orbits an increase in height from 300 to 400 km increases

the life by about eight times, and to 500 km, another six times.

For satellites having different values of the drag coefficient and load

factor on the middle, the life time, all other things being equal, is directly

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 factor of 2.5 in comparison

with the data cited 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 can for all practical purposes be considered a permnent satellite of

the earth.

The flattening of the earth at the poles and the deflection of the

gravitational field from the central which in associated with this also causes

perturbations of the orbit, which can be divided into peridic and secular.
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The periodie perturbations of an orbit due to the non-oentrality of the field

are comparatively small and reduce to a deflection of the actual coordinates

of the satellite from the coordinates corresponding to the motion about an

ellipse, some tens of kilometers. The seoular perturbations, always acting

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

elements with time. ......- ts

P'ig. 9. Precession of an orbit in space,

The min secular 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 velocity (the magnitude of one revolution of the sal-

lite about its orbit) is determined by the formulas

where RI - the earth's equatorial radius,

A - is the earth's flattening,

G - the angular velocity of the earth's diurnal rotation,

90 - the acceleration of the earth's attraction force at the equator,

9



p - the parameter cf an elliptic orbit,

i - the inclination of the orbit,

N - the ordinal number of the satellite's revolution around the earth.

As follows from the formula, the precessional velocity substantially

depeds on the orbit's inolinoation.

At an inolinoation 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 (F'ig. 9). At an inclination of

the ,rbit equal to 90" (polar orbit), the precessional velocity is zero.

Another secular perturbation due to the non-oentrality of the field

of gravitation is the rotation of the major axis in the plane of the orbit-

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

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

apogeal) from some geographic latitudes to others.

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

-- UP - t ri (5 e i-I).(1.35)

As we see from the formula, when

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 2. Consequently, for

satellites moving at considerable distance from the earth (of the order of

several tens of thousands of kilometers),the precession of the orbit and

the drift of the perigee due to the non-entraility of the earth's field of

gravitation will be insignificant.

F
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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, conversely, has virtually no effect on the

orbit's orientation, but does cause significant secular variations of its shape.

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

satellite close to the earth is small, However, with an increase in the height

of the orbit it increases substantially. For an orbit with an apogeal height

of the order of many tens or several hundreds of thousands of kilometers, the

perturbing effect of the sun and moon can cause noticeable changes 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

increase. 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 artificial earth satellite moving about the

orbit with apogeal height can prove to be quite limited.

earth

-I
lk5 a orbit

II

.W

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

11



Thus the Soviet automatio 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 cite the results of the calculation 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 notion 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.

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

12
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Fig, 11, Route of satellite during 24 hour period
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intersects it, then approaches the other parallel, touches it, again intersects

the equator, and again approaches the first parallel.

Further, the course of the route is periodically 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 oases with respect to the magnitude of the inolina-

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 created along

with artificial earth satellites. The characteristics of the motion of such

satellites in circular 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.

C -

Fig. 12. Polar and equatorial orbits.
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At small heights the oiroling 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 circling time of a satellite moving near the sur-

face of a oelestial'body depends exclusively on the average density of this

body-- it is inversely proportional to the square of density.

TABLE 11
Characteristics of the Motion of

Artificial Satellites of Planets and the Moon
Circling time Circular velocity

hr I km/seo....
Planet Obital heiht, km

0 1 I 50001 0 1 1000 5000

Mercury* 1.48 2,46 7,70 2,94 2,48 1,70
Venue 1,49 1,88 3,63 7,24 6,70 5,3A
Earth 1,41 1,75 3,35 7,91 7,35 5,92
Moon 1,82 3,60 13,90 1,68 1,34 0,85
Ma'q 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 valuable

information on the actual values of the atmosphere's density at great heights.

According to the presently available data, the density distribution of the

atmosphere at great heights strongly depends on the geographic latitudes, time

of day, and season of the year. Therefore, extremely important for studying

the distribution of density is the Joint treatment of the results of observing
1~
* satellites launched at different seasons of the year and having different

15



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, accurate 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 motii-, 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 constant

relative to the stars,

However, for artificial earth satellites the position of the precessional

axis in space in most oases slowly changes under the effect of aerodynamic

forces and the earth's gravitational field. Furthermore, under the influence

of electromagnetic forces the rotational velocity of the satellite gradually

decreases. By carrying out measurements of the satellite's position at in-

dividual instants of time and by processing the results of these measurements

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

16



a complete picture of its motion relative to the center of gravity.

In conclusion 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 analysing 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-

ponds on its orientation relative to the velocity vector.

17



Peculiarities of motion of space vehicles in the solar system
Flights to the Moon, Ware and Venus

Man-made planets

As shown above, when analysing 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 vehicle is

located. Under these conditions the motion of a space vehicle within the

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

system connected with this body) takes place according to one of the conic

seotions-ellipse, parabola or byperbola--and is Kepler motion.

When a space vehicle reaches the boundary of the sphere of influence, the

parameter of its motion must be reoaloulated in a new coordinate system of

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

vehicle is to take place.

( This approximate method of studying the motion of space vehicles with re-

speot to the individual characteristic phases, in spite of its simplicity,

allows the most important laws of flight of space vehicles to be established

with sufficient accuracy in many oases and also allows the fundamental ohara-

oteristios of their trajectories to be determined. These cases are, in

particular, flights to the Moon and other planets using chemical-fuel rockets.

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-

circular orbit. The length of one orbit of the Moon about the Earth is

about 27.3 days. Its distance from the Earth is on the average 384,400 km.

The velocity of the Moon in orbit is about I km/sec. Moving at this velocity,

the Moon describes in the course of one day an arc of about 130 about the

celestial sphere. The plane of the orbit of the Moon is at the present time

18I



inclined at an angle of about 180 to the equatorial plane of the Earth.

Three fundamental types of flights to the moon may be represented

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

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

o) a flight close to the Moon with the subsequent ejection of space

apparatus beyond the sphere of influence of the arth, 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 velocity neoessary to reach

the Moon indicates that in order to bring a space vehicle close to the Moon

in the first orbit, it is necessary to assign it r velocity greater than or

equal to VOmin , which is a function of the altitude at the end of the ceotion

phase. At an atlitude of about 200 km, V~min - Vpar- 95 m/sec (here Vpa r is

the parabolic velocity at the given altitude). The orbit of a space vehicle

at Vo-Vmin 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 accomplished with various initial

velocities; the lower the initial velocity 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 hyperbolic.

After the space vehicle reaches the boundary of the sphere of influence of

the Moon, its parameters of motion must be, in accordance with the approximate

method, recalculated in the coordinate system connected with the center of

the Moon-in the so-called selenocentric system of coordinates. For this the

velocity vector V* of the space vehicle must be added to the vector which is

the inverse of the velocity vector of the center of the Moon in the geocentric

coordinate system V (Fig. 13). The beginning of motion of the space vehicle
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in the selenooentrio system corresponds to the point of entry into the sphere

of influence of the Moon B.

It can be shown that the trajectory of a space vehicle within the sphere

of influence of the Moon in the selenocentrio coordinate system is always

hyperbolic. This is explained by the fact that at any flight trajectory from

the Earth to the boundary of the Monn's sphere of influence, the selenocentrio

velocity of the space vehicle at the boundary of the sphere of influence will

exceed the parabolic velocity relative to the Moon (0.383 km/seo) by at least

a factor of two. Owing to this, any approach trajectory, passing by the

Moon, must go beyond its sphere of influence

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

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

additional velocity such that its velocity in the solenocentrio system will

(9 be lower than the parabolic velocity. For this the space vehicle must be

equipped with rocket 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 trajectory of

the space vehicle coincides with 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

coincide with the plane of the Moon's orbit. ?lights to the Moon under these

conditions are a more difficult problem and necessitate higher demands of power

and accuracy of the control system of the space vehicle.

I Whoe using the approximate method the parameters of motion of the space ve-
4' hiode at the point of departure from the Moon's sphere of influence must be

again recalculated, in the geocentric coordinate system.
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lFig. 13. Diagram of flight trajeotory to the Moon lying in the Moon"s

orbital plane.
L1 -position of Moon at the time of launohing; L2 -position

~of Moon when the space vehicle reaches the boundary of the Moon's
~sphere of influenoe! B--point of entry of trajectory in the
i ~Moon's sphere of influenoe; V-elooity of Moon in orbit;
~V*-velooity 

of space vehiole at point B in geoentrio coordi-
~nates; L 3 --poeition of Moon at moment of approach from spae

( "vehicle.

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 ejection phasee be located at latitude g, and the Moon at

point L at the moment of impact (Fig. 14).
The orbit of the space vehicle, passing through points A and L, lies in the

plane AOL, where 0 is the center of the Earth. The angle between the bearings
A and L is called the range angle ( ). Its magnitude is a function 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 imaci~t.

Thelares vaueof the angle i. then the Moon's declination is close
to -18 at the moment of impact (the Moon is below the equatorial plane),an
the rocket is launched at the moment when the Moon is close to the lower

Vi
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Fig. 14. Diaa of the fliyrht trijcctory to the I.Ioon of a rocket 1.Lunched

from the Iortl:ern hamizphere of the Earth,

A--launchinC. p)oint; V--velocity Lt the end of the ejection phase;

L-po~citiou of tie Noon at the moment of impact; -- range anL-le.

FiCg. 1.5. Trajectory of fli;-ht to the Moon.

a--at rrinim=~~ declination of the Noon at mrorient of impactl

b--at mc~xirur.. declinc-tion, of t1~e Noon. Lt MO'Ment Of inip-.Ct,

(the orbital Dhne cf thec sip c,- vc.hicle ccincideL; w~ith the Earth's

axis)
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oulutnation point (relative to the launohing point). Consequently, the lowest

value of 5 is when the Moon's deolination is olose to +18. This may be il-

lustrated most graphioally when the orbital plane of the space vehicle ooin-

oides with the axis of the Earth, i.e., when the inolination of the orbit

equals 900. The maximum value of in this case is + 180" + 18" -+g

(Fig. 15a), and the minimum is - 180" - 18" -tg (Fig. 15b).

Now let us examine how the magnitude of the angle ( affsots 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 impact maust be uniquely

connected with the function

p- r rL (1.36)

where V0 and V are the velocity of the space vehicle and the parabolic

velocity at the end of the ejection phase respectively; r0 and rL the distances

from the center of the Earth to the end of the ejection phase and to the Moon's

orbit; and 70 is the angle of inclination of the velocity vector to the

horison at the end of the ejection phase.

Since the ratio r0 is small and for all practical purposes oonstant, at

any given value of 'L Vo the angle-is a function only of * Fig. 16

shows the funotion ZO - f( ) at various values of Vo and ho - 200 km.

An is apparent from the graph, for all values of V0 the magnitude ofa&o

decreases substantially with an increase in
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latig. 16. the dependence of the angle of inpinat ion of the velooity
veotorlaupon the range angle o i

1-atn V0 . Vpadc-50 ,,,/seo I 2- 0e - V ,s 3-V 0 - mxu

3-V 0 .a Vpnt .,. l10 un/c 4-V 0 - Vrk + 200 se.

The decrease ind,, i.e., transition to more sloping ejection tr eotories

entails a lowering of louses n overoming the gravitational forea gs

cpodt and permits increain the p i load of the rocket. I
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 ook when the Moon is nea its orbital

point of minimm declination. In this ease it is possible to put the maximum

payload into orbit. When launching a rocket at an earlier or later date, the

maximu possible payload is decreasedo However, when the launching date

deviates from the optimum date by several dayvs, the deorease in payload i.

comparatively small. In practice, in the course of each lunar month there

are intervals of time of about a week in which flight conditions to the Moon

are favorable. When the dates greatly deviate from the optimm, considerably

lower payloads are possible.
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Pic. 17. Duration of flight of space vehicle to the Moon (h 0  200 kin).

The duration of a flight to the moon is determined by the rooket's velocity

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

(V - Vmin) the flight duration is slightly over fo r days, at Vo - Vpar it

is about two days, and at a velocity exceeding the parabolio 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 vehicle and to receive telemetrio 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 launch the rocket when the Moon is located

near the lower culmination 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, etc. 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/seo). A flight with a duration of about one half day requires

considerably exceeding of the velocity at the and of the ejection phase over

the parabolic velocity, while flights of two and one half or more days require

more accurate ejection of the vehicle into orbit for striking the Moon.
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Pot flights around the Moon with return to Earth, the velocity of the

spao. vehicle at the end of the ejection pha.. 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 vector

at the end of the ejection phase will be substantially different from zero and,

therefore, the elliptical orbit will intersect the Earth's surface. As a re-

sult, the space vehicle 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 change 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 oases the velocity

at the end of the ejection phase exceeds or equals the parabolic velocity,

and the trajectory within the sphere of influence of the Earth is hyperbolic
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Fig. 18. The dependence of the velocity of a space vehicle at the
boundary of Za-th's sphere of influence upon its velocityat the end of the ejection phase (ho - 200 km).

The velocity 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 V0 and altitude h0  at the end of the ejection phase. The de-

( - pendenoe of V* upon V0 at h0 - 200 km is shown in Fig. 18. When the velocity

at the end of the ejection phase is equal to the parabolic velocity (VO-Vpar),

the velocity at the boundary of the sphere of influence V*--'0.9 km/eeo.

Increasing VO by 0.5 km/sec relatii to Vpar leads to an increase in V* to

3.3 km/seo, and an increase of I km/seo will lead to an increase in V* to

4.9 km/sec. At velocities close to the parabolic velocity an increase in V0

by I km/seo leads to an increase in V* by 5 to 8 m/sec.

The motion of a space vehicle after leaving the Earth's sphere of in-

fluence may be oaiculated starting from its parameters of motion at the point

of departure. The velocity of a space vebicle in heliocentrio coordinates

may be obtained by summation of the velocity vector V* and the velocity vector

of the Earth's center at the corresponding moment in time Ve. This velocity

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

v" heliocentric system.
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If V0o is less than the parabolic velocity relative to the Sun Vparo the

motion of a space vehicle in the solar system will be in an elliptical orbit,

and it will be transformed into a solar satellite-an artifioal planet. If

VOo is equal to the parabolic velocity V or exceeds it, the motion of a

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 velocity which must be given the space vehicle

for this when leaving the Earth. The average velocity of the Earth is Ve .

2n.75 km/sec and, therefore, the parabolic velocity relative to the Sun, oal-

oulated taking into account the average radius of the Earth's orbit, equals

Vparo4lVe. - 42 km/sec.

Let us assume that the velocity vector of the space vehicle at the bound-

ary of the sphere of influence is parallel to the velocity vector of the

Earth's orbital motion, which may be ensured by the appropriate choice of the

launching direction of the space vehicle. Under these conditions the space

vehicle will move in the heliocentric system with the parabolic velocity if

its velocity in the geocentric system is V* a Vparo - Ve = 12.25 km/seo, for

which its velocity at the end of the ejection phase, as is apparent from Fig.

18, must be about 16.5 km/seo.

The velocity necessary to take a space vehicle beyond the Sun's gravita-

tional field is called the third cosmic velocity. It magnitude at altitude

ho - 0, i.e., at the Earth's surface, is about 16.7 km/seo.

Let us examine in more detail the motion of a space vehicle in the solar

system in an elliptical orbit and, in particular, flights to other planets.

In the first approximation let us assume that the motions of the arth 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 trajectories of the space vehicles lie in the same plane.
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Let the trajectory of the spaoe vehicle in the Earth's sphere of influence

be taken such that the velocity vector at the boundary of the sphere of in-

fluenoe V* is parallel to the Earth's velocity vector Vs . If the directions

of theme coinoide, the velocity of the space vehicle in heliooentrio ooordi-

nates will equal their arithmetical sum and be a maximum for the given value

of the velocity V*O. The orbit of the space vehicle in heliooentrio ooordi-

nates in 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

r a r . The distance from the Sun to the aphelion of th8 orbit ra will

be a function of the velocity of the space vehicle. Values of ra as a

function of the velocity at the end of the ejection phase V0 at h0 . 200 km

are shown in Table 12.

TABLE 12

Distance from the Sun to the aphelion of the orbit at various values

of the velocity at the end of the ejection phase.

Velocity at pod Excess velocity I Distance from Sun
of ejection phase over the para- to aphelion of orbit
1n 1cm/ec,, , bolie in km/sec in millions of km

0 1,5 019
11,515 0,5 247,7
12,015 1,0 314o
13,015 2,0 .80, i
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 parabolic velocity by 0.5 k s/see, the aphelion of its heliocentrio

orbit will be located beyond the orbit of Mr, at a velocity exceeding the

parabolic by 3 km/eec, it will be close to the orbit of Jupiter, and at a

velocity exodeding the parabolic by 4 km/see, it will reach the orbit of Saturn.

If the direotion of the velocity vector of the space vehicle at the boun-

4" dary of the sphere of influence is opposite that of the velocity vector of the
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Earths the velocity of the vehicle in the heliocentric system will equal their

difference and be a minimum for the given value of V*0 . In this case the

orbit of the space vehicle will be within the Earth's orbit, tangent to it

in the aphelion (ra M re).

The distances from the Sun to the perihelion of an orbit of this type at

the end of the ejection phase V0 at h0 0 200 km are given in Table 13.

As is apparent from the table, when the velocity of the space vehicle V0

exceeds the parabolic velocity by 2 km/sec, the perihelion of its orbit will

be close to the orbit of Mercury. To bring the orbit of the space vehicle

close to the Sun it is necessary to assign it a very high velocity 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/see, exceeding the third

cosmic velocity.

TABLE 13

Distance from the Sun to the perihelion of the orbit at various veloci-
ties at the end of the ejection phase.

Velocity at the end Excess velocity Distance from Sun to
of ejection phase over parabolic perihelion of orbit
in km/seo in kcm/seo in millions of km

11,015 0 132,5
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 velocity for a flight to a given

planet will correspond to a semielliptical orbit, which in its aphelion 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
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be 1 - 1806 (Figs. 19 and 20).

TABLE 14

Values of the minimum possible velocities for flights to the planets
(h 0 - 200 km)

Planet Velocity at end fliCht duretion

of ejection phase
in km/sec

Mercury 13.31 0.29
Venus 11.25 0.40
,a,. 11.35 0.71
Tupiter 14.05 2.72I aturn 15.015 6.o4
Uranus 1_3.73 30.6
INeptune 16. O0

The values of velocities neocesary 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 plan., are shown in Table 14.

TABLE 15

Orbits of a flights to Mars

Initial velocity, Range angle, Flight duration,
for heliooentrio degrees months
orbit., kn/seo ..
32,71 180 8,63
33,71 124 5,25
34,71 108 4,32
35,71 97 3,77
36,71 90 3,40
37,71 85 3,10

At an increase in the velocity V0 in comparison with the minimum required,

the Interseotion of the orbit of the space vehicle with the bit of a planet

will take place at a lower value of the range anglef 2 <i1. Simultaneously,

the duration of the flight is increased. The basic data on these orbits for

flights to Mars and Venus are given in Tables 15 and 16.
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FiCt, 19, Trajectory of fli,,ht to Kars.

0--Sun; re--eversce radius of !Drth orbit; rle-averaee rudius of

orbit of' i...s; VC--velocity of :,,oacc -vL,hicl_- Zt onrd -,f ejection

phase; Ye--velocity of Earth in orbit; V*--velocity of space vehicle

at bourxdory of the L.rth'ls sphere of' influence in I.-eocentric system;

V0 --valocity of vehicle at boundary of Earths sphere of influence

in hieliocentric system (initiul velocity "-or helioceitric orbit) %3 --

perih~lion of heliocentric orbit; a--aphelion of heliocnetric orbit;

oil -- r,-nk e z..nJe for heliocentric orbits.
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Fit:. ~ ~ ~ ~ ~ ~ A rrl, Erjco'e 1o1i. * enE

0-Su;r -vea~ adu o ~rh' rbt;r~~vr~ rdfto

phase; of-av~ raiseveilatbudr of Sat' rilrVaerth's ra heus of

influence in Ceocantric system~; V0O -- velocity of vehicle at bound~ry

of &xth's sphere of irflu-nrce (iiiti~l velocity for helicai-tric

orbit) in h4beagptric syctem; 1t--perihelion of heliocentric orbit;

a-I-aphelion ol helioc.--ntric orbit; V 1 i r.Lcail.
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Int ord.W that the spaoe 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 impact be fully deter-.

mined,

Tk"LE 16

Orbits of a flight to Venus

Initial veloci0ty Iange angles r light durtion,
for heliooentrio degrees months
orbit, k/eoo

21,5 lIo 4,8r

3,6 1 3,38
U.2 2,683.,2 76 2,52

S. 8 2,33

so 2416

The favorable mutual positions of the planets are periodically repeated.

For flights to Ukres their repetition period is 2,14 years, and for flights

to Venus, 1o57 Years.

It should be noted that this data on the required velocities for flights

to the planets, owing to assumptions made in their calculation, are approxi-

mate and describe the lower limit of required velocities. They are valid when

impaot takes place near the node of the planet's orbit, ioe., when the space

vehicle's motion is in the plane of the eclipse.

In other oases, when the space ship makes contact 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 eclipee), the velocity

necessMa for a flight to the planet is found to be considerably greater.
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*Fig. 21

Trajectories of transition of space vehicle
to circular orbit around the Sun,

0--Sun; V001, V00II-velocity of space vehicle at boundary of the Earth's

sphere of influence in heliocentric system; Va11 V.X11-velooity of

C space vehicle at point of transition to circular orbit about the Sun;

laV 1 is 10V dditional velocity necessary to put vehiole in circular

orbit; Vkpi, Vkcp-Oircular velocity; r~ r T -radius of circular

orbit; r-average radius of Earth's orbit. Subscript I pertains to

space-vehicle orbit of greater radius than that of Earth, II denotes

orbit smaller in radius than Earth's,

TA33LE 17
Values of total velocity necessary for ejection of space vehiole into

orbit, million ka k/81olr ri.,m/eI mil4in km

108 2869
(Orbit of Venus) 14.0 (Orbit of Uranus) 20.A

228 4495
f(Or-bit of Uas) 14.0 (Orbit of Neptune) 20,1

788
(orbit or Tupitor) 19.7I 35k



In conclusion, let us examine the problem of oreating artificial satellite.

of the Sun (artificial planets) which move in circular orbits, For thip the

space vehicle must be first of all be placed in a semielliptical transitory

orbit, tangent to the aphelion or perihelion of the given circular orbit.

When the space vehicle reaches the aphelion (or perihelion) of the transitory

orbits it must be given an additional velocity WV for its transition into

circular orbit (Fig. 21).

Values of the total velocity V0 +4V necessary to put the spaoe-'vehiole

into a circular orbit, trat6ffoting it into an artificial planet, are shown

in Table 17.
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Requirements on the Aocuraoy of the Notion Parameters
at the End of the Ejeotion Phase

For & ippaoe apparatus to move along a given orbit it must have definite

motion parameters. Even slight errors in the magnitude and direction of the

velocity at the end of the ejeotion phase oan result in considerable devia-

tions of the orbit of the vehiole from the calculated orbit.

Let us demonstrate the extent to whioh these errors influence the orbital

characteristics and the lifetime of artificial earth satellites.

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

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

and the apogee, when there are errors in the velooity and the angle of in-

clination of the tangent to the trajeotory at the end of the ejeotion phase

(the oase of ejection of a satellite at the perigee of the orbit.)

CTABLE 18

Influence of Ejection Errors on the Perigee and Apogee of the Orbit

Initial orbital parameter.s .

Mhng in orbital parameters
with ejection-velocity
errors of t 10 M/sec0

Change in height of perigee, km.. 0 0 0 0 0
Change in height of apogee, km... t 39 t 40 ± 73 190 t 472

Change in orbital parameters
with ejeotion-angle errors of ± Ig °

hane in height of perigee, km.. - 25 - 13 -4#8 -2,8 - 2,5
Change in height of apogee, km.oo + 25 + 13 +4,8 +2,8 + 2,5

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 ohange in

beight of the apogee t only weakly dependent on the initial values of the

C orbital paranente"r. However, s the orbital height increases, the influence
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6? velocity errors on the height of the apogee and on the oiroling time of the

satellite inoreases noticeably.

An error in the ejeotion angle always results in a decrease of the peigee

height and a corresponding Increase of the apogee height. Since satellite

deeleration occurs mainly near the perigee, this results in deoreased 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, oausing a two-fold deorease in the lifetime of the satellite.

The influenoe of ejection angle error on the height of the perigee do-

oreases with inoreasing exoentrioity of the orbit, i.e.o with inoreasing height

of the apogee and unchanged perigee heighit. For an orbit with a perigee of

250 km and an apogee of 1500 km, the perigee deoreases by 13 km due to the

same error in the ejeotion angle as above. There is only a 1.5-fold decrease

C in the lifetime of the satellite due to this ejection angle error. Conse-

quently, for more elongated orbits the deorease in lifetime of the satellite

due to ejection errors will be less than for orbit close to circular.

Angle errors do not affect the circling period sikoe in this oase the

value of the major axis of the elliptical orbit remains oonstant.

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 ftwt the

most favorable case, 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 calculated orbit paser through the center of the

moon. Figure 22 gives the values of maximum ve] ocityS Vo and angleJ9 o errors

(corresponding to orbital inolination from the center to the edge of the moonS)

* See Uepekhi Fisioheskikh Nauk (Progress of P]ysioal SoJenoes),43, No.1O0101957.
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N6m tase 6 aphs it follows that the values of the maximum errors Vo and

O o change substantially depending on the excess velocity at the end of the

ejeOtion phase with respect to local parabolio velooity8V0 Vo  VW.

j" 41! -4'I

W I W w W I MA.

Figure 22. Values of the maximum velocity V and
angle S,9 errors when landing on the moons for the
oase wheI the orbit of the @paoe vehicle lies in the
moon's orbital plane.

For velooities whioh are 50-60 u/seo loss than parabolic, i.e., for

elliptioal orbitSV o -10 m/seo and* oa - 0.4% For velooities greater

than parabolio, hyperbolio orbits, the naximum velocity error inoreases to

20 - 40 n/see, while the maximum angle error deoreases to 003.0 Considering,

however, that orbital inclinations are determined by the oombined influence

of velocity and angle errors, and also bearing in mind that the"e are other

errors which lead to orbital inclinations, we can consider that for hyper-

belie orbits in the moon's orbital plane the errors at the end of the ejection

phase should not exceed the following values, velocity errors 10-20 r/seo,

angle errors 0,15-0,20.

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

from the USSR, the requirements in the accuracy of the motion parameters neee-

sary for landing on the moon are considerably increased.

For the hyperbolic orbit of the second Soviet space ship a velocity error

of 1 ~/seo would have resulted in a 250-km deviation in the point of impact

on the moon. A deviation of the velocity vector from its calculated direction
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by one angular minute would cause a 200-km shift in the impact point.

C Deviations in the impsot point are also noticeably affeoted by errors in

the coordinates at the end of the ejeotion phase and by errors in the launch

time. When the launoh time deviates by 10 seoonds from the calculated time

there is a deviation in the impact point on the moon's surface of the order

of 200 km.

Prom these data we oan conclude that when a rocket is launched from the

USSR toward the moon, the velocity error at the end of the ejeotion phase

should not exceed setwerl meters per second, while the velocity vector should

not deviate by more than 0.1* from Its calculated direction.

Even greater influence is exerted by orbital ejection errors when launch-

ing space vehicles to other planets. For a flight to Mare on an elliptical

orbit which assures approach to Mars at its aphelion, a velocity error at the

end of the ejection phase of I 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

movement of the vehicle should be corrected in flight.

40



Space Rockets and Carrier Rockets for Artificial Satellites
Ejeotion into Orbit

An has iaready been mentioned, the basic problem in launohing a space

vehicle is the ejection into orbit, giving it a velocity equal to or exceed-

ing orbital velocity at the corresponding height.

The basic means for uolving this problem at present is the multistage

rocket with liquid-propollaat engines operating on chemical fuel.* In the

near future we can expect the appearance of space rockets operating on nuclear

power.

The multistage (or compound) rocket, first envisioned by Tsiolkovskiy,

consists of a number of connected rockets. Let us examine this, using as

our example the three-stage rocket shown in Fig. 23. Each of the three rook-

eta has its own engine and tanks for fuel and oxidizer. The first stage

t noludes all tIcee rockets, the second and third rockets being, as it were,

the payload of the first rocket. When the engine of the first rocket burns

out it is separated, and the second stage, consisting of the second and third

rockets, continues the flight. When the engine of the second rocket bums

out, it is also separated and the third rocket (third stage) ountinues the

flight alone.

Thus, in a maltistage rocket as the fuel is expended the individual stages

drop away. Therefore its acceleration, for the same reactive force, is greater

than that of a single-stage rocket with the same characteristics. As a re-
A

sult, the rocket acquires greater velocity.

* In certain oases a space rocket _Ay have individual stages using solid-

C fuel (powder) engines.)
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Pigure 23. Diagram of a three-stage rooket.
1) engines; 2) fuel tanks; 3) payload (spaoe vehiole)

Figure 24 is a diagram of the trajectory for ejecting a satellite into

orbit. The angle of inclination of the velooity vector to the horison at a

given point of the trajectory is designated byL. The ceorier rocket in

launched vertioally - 90). Then, after & short vertioal-ascent phase,

the rooket gradually begins to turn about its transverse axis according to

a set program, resulting in a curve in its motion trajectory,. Be selecting

a corresponding program for the turn of the rocket with time, we can obtain

the required values for the height ho and angle 41 at the end of the release00
phase.

When the satellite is ejected into orbit, Jo a 0 (Fig. 24). When space

vehicles are launched toward the moon or other planets, and anle as a

rule does not equal zero, but is determined by the launch ao*-itions the date

of launch, the mutual position of the planetss the geograpbio latitude of the

launch sites eto.
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Figure 24. Diagram of the trajectory for the ejeotion of satellite
into orbit.

Let us analyse the basio factors whioh determine the velocity of a multi-

stage rocket at the end of the ejection phase. Let us examine the equation

of motion of a rocket in projection onto the tangent to the trajeotory; this

equation has the form a d "

(1.37)

where 0 in the current weight of the rocket; dV/dt is the acceleration of

the rocket; I is the acceleration due to gravity; go is the acceleration

due to gravity at the earth's surface (at sea level); P is exhaust thrust;

X is the drag force; and Ois the angle of inclination of the velocity

vector to the horizon.

The thrust of the rocket can be expressed in the form

Pe . (1.38)

where a is the jet velocity; ogo - Psp is the specific thrust of the engine;

and - (dO/dt) is the fuel consumption (change in weight of the rocket per

unit time).

Then Equation (1.37) can be given in the form

VV d Z IT
," (1.39)

Trtogratiri3 t'.a eqL-..on from the launch time (t 0 0) to the time correspond-

ii,; to the en. of the ejection phase (t - tf), we get the velocity of the

Mrocket at the Pd of the ejection phases
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-- .. , ... U W (1.40)

where m is the number of stages, and ciq 0o ,, and & are espectively, the
Oi

exhaust velcoity, the initial and the final weight of the individual stages.

The first term on the right in (1.40) estesponds to the Psiolkovskiy

formula and defines the velocity of a rocket when no external forces act on

it, the so-called characteristic velocity of the rocket. The second term

on the right oharaoterises the velocity lost due to predomination of drag

forces, and the third term oharacterizes velocity lost to gravity. We have

neglected, in (1.37), the losses in velocity due to non-correspondence be-

tween the direction of thrust and the velocity vector (angle of attack),

since these are relatively slight.

When a space vehicle in ejected into orbit, the total velocity lost due

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

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

rocket should have a characteristic velocity of about 10,000-.11,000 r/see,

while to impart to a space vehicle a velocity of the order of 11,000 M/sec

the carrier rocket should have a characteristic velocity of about 13,000-14,000

i/sec.•

The characteristic velooity of a multistage rocket, as can be seen from

Equation (1.40), equals the sum of the product of the exhaust velocities, in

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

individual stages.

If we assume that the exhaust vclooity I is identical for all stages, and

the relative design weights for each stage i 0 0 /o are equal

(a 1 a a 2 a fee " am-1 " am a), we can show that in the optimal case, which

assures maximum oharaotoristic velocity, the initial weights of the stages

VA should be distributed according to the law of geometric progressions
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Fig. 25. Relative characteristic veloity c rockets bavift various
numbers of stages vs. tUs ratio of init~ial weight to payload wigbt,

tops a 30.10; bottom: Cg 0,.0
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k
O*'e," .- , (1.41)

or i

where Go , Go, .. , 00o are the initial weights of the stages; a is the

weight of the payload (space vehicle). The initial weight of the first stage

equals the total initial weight of the rocket, 0i - Go .

The characteristic velooity of suoh a multistage rocket can be expressed

by the formula Ve-mIn % (

The connection between the parameters in this formula is given conveniently

in the form of a graph of the relative oharacteristic velooity V.o vs. the

ratio of the initial weight of the rocket to the weight of the payload o/('

Cfor various numbers of stages . Figure 25 shows such graphs.

From these it is evident that, depending on the value Vu/eo there is a

certain number of stages which assures a minimum ratio between rocket weight

and payload weight. In addition, it also follows from the graphs that a

single-stage rocket (m * 1) oanot have the velocity necessary for eJeoting

a satellite into orbit if it does not have an exhaust velocity greater than

5000 rn/see, which in impossible for modern oheical-fuel rockets.

The family of curves which corresponds to rockets with various number of

stages has an envelope (dashed line in Fig. 25). We can show that the maximum

characteristic velocity for such an envelope can be expressed by the formula

(1.43)

where the value of KC depends on the relative design weight (Fig. 26).
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Fig. 26. Value of the coefficient 9ve. a.

From this formula it is evident that the maximum velocity of a rocket

with optimum parameter selection depends on the ratio of its initial weight

to payload weight, the jet velooity, and the relative design weight. In

this ease, the initial weight of the rocket which assures ejection of a

space vehicle of a certain weight into orbit, as oan be seen from Pig. 25,Ivaries 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

C apogee height, its motion in orbit can be begun from any point on the orbit,

generally speaking. It is merely necessary to carry the satellite to a

height oouresponding to the given point on the orbit and impart to it the

necessary velocity in the direction of the tangent to the orbit at this

point, The higher the point of the orbit, the less velocity 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 eject a satellite into the apogee of an orbit. Analysis of

the problem has shown that the additional expenditure of energy necessary to

lift the satellite to a great height exceeds the energy gained by virtue of

the fcot that loes velocity must be imparted. Therefore, energywise, it is

best to eject a satellite into orbit near its perigee.

When the perigee of the given orbit is relatively low (of the order of
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htndreds of kilometers) the satellite can be ejeoted imediately at the end

of the powered phase of the trajectory of the carrier rocket, as shown in

Fig. 24. As the ejection height increases, there is also increased power ex-

penditure due to the effeot of gravity in the ejection phase.

For high orbits, when the perigee can be at several thousands of kilo-

meters, such an ejection method cannot generally be used beoause of limitations

of the powered phase of the trajectory. In this case. the satellite must

first be ejected into a certain transitory orbit having a relatively low

perigee. At a certain 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 case the ejection trajectory will consist

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 semielliptioal transitory orbit whose

perigee is as low as possible and whose apogee coinoides with the perigee of

tae final orbit (Fig. 27).

The angle of inclination of the velocity vector at the end of the ejection

phase into the transitory orbit, at point P', is sero (. " 0). Secondary

out-in of the rocket engine occurs at point A', The thrust direction should

ooincide with the tangent to the trajectory at this Point.

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

satellite to eject it into circular orbits of various heights h using thisoir

method. In the calculations it was assumed that the perigee of the transit-

ional orbit is 200 km.
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Fig. 27. Diagram of the ejeotion of a satellite into a circular orbit
from a .erni-elliptioal transitory otoit. H - earth's radius;

r - radius of the given circular orbit; PI - perigee of
td*rtransitory orbit; A' - apogee of the transitory orbit;
Vpt - velocity at the perigee of the transitory orbit; VA -

velooity at the apogee of the transitory orbit;4dV - addt-
tional velocity needed for the space vehicle to enter the
circular orbit; Voir - oircular velocity for the given orbit,

TABLE 19
Velocity for Eieoting a.Satellite from a Semi-ElliiptioAl Transit2rrOrbi

Height of the given Velocity at the end Additional velocity Total ve1-
circular orbit, km io the eeto hs o transitory tegvnobt ocv, y V luse

inof the ejcinpae frtransitio gv n t ociy800 -

ellipses Vt, r/86a rn/sea

100 214

am0 1004 1444

Low *74 120

from the data in the table it follows that the total velocity required to

eject a satellite first increases with increased height of the given orbit,

anu then decreas,%.3 somewhat, tending toward the limit (at hoiiume) aI. parbolic
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**loeitys. The total velooity is maximum when the height of the circular orbit

is approximately 100,000 km. For this oase, the total velocity is 8.5%

greater than the parabolic velocity at the perigee of the transitory orbit

(200 km). Here we have a paradoxical phenomenon in whioh less total velooity

it required to launch a satellite to greater heights.

When a space vehicle is latuiohed in an easterly direction the velooity

imparted to it by the rocket is oombined with the velocity of the earth' sur-

face in its daily motion.

The inorease in velocity due to the earth's rotation is a function of

the inclination of the orbit, and oan be expressed, approximately, by the

formula
MV.t - M(R + IQ)O , (1.44)

where R is the earth's radius; h0 is the ejection height; CJis the angular

velocity of the earth's rotation about its axis; and i is the orbital inclina-

tion.

With decreasing orbital inolination, Vrot inoreases, reaohing about

460 m/sec for an equatorial orbit. For polar orbits, AdVrot is sero, while

for orbits with an inclination of 65%, corresponding to the orbits of the

first Soviet satellites, it is about 200 m/sec.

Liquid-propellant chenical-fuel rockets have been widely developed and

are now quite perfeoted.

The development of nuclear technology has made it possible to discuss the

creation, in the near future, of nuolear-powered space vehicles. The thermal

energ7 in such engines, developed by some sort of nuclear reactor, will be

used to heat some working liquid (hydrogen, ammonia, water), oonverting it to

a hih-temperature gas which will flow from a nossle, oreating exhaust thrust.

the basic advantage of such engines over ohenioal-fuel engines is the

possibility of producing higher jet velocities (specific thrust), since the

energy imparted to the working liquid in the reactor can considerably exoceed

50



the ae'lW voleased during the oombustion of even the most highly effeotive

chemical fuels.

The exhaust velocities of such engines will be limited only by the maxi-

mum temperature which the reactor and nossle materials can sustain.

The motion characteristics of such rockets will differ little from those

of chemioal-fuel rockets.

A particular class of space rockets are those space vehicles with so-called

eleotro-reatlon engines. One of these is the ion engine, in which reaction

power is created by the exhaust of a stream of ions accelerated to very high

velocities 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 accelerate the

ionised gas can be obtained from a nuclear power plant, a type of atomic power

station in the space vehicle.

( Figure 28 is a blook-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 a high temperature and passing through porous wall 3,

the working substance in the engine is converted into ionized gas which is

then accelerated in an electrostatic field created 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 acceleration; electron emitter 5 is used

for this purpose. The engine is powered by nuolear power plant 6 through

transformer 7.

Fig. 28. Diagram of an ion engine. 1) tank with the working substance
(oesium)l 2) system for feeding the working substanoe; 3)porous wall; 4)
system of grlds to create an electrostatic field; 5)eleotron emitter;
6) nuclear power plant; 7) transformer.
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Fig. 29. Diagram of the acoeleration ofa
Space vehiole having an Ion engine
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The mlan feature of this type of engine, which distinguishes it from other

types of rockets, is the extremely high jet velocity (to 100-200 km/see) and

the very low thrust and aoceleration in the powered phase (of the order of

10-3 m/se 2).

The impossibility of producing high thrust from the ion engines is due

to the fact that with high exhaust veleoity, the power necessary for creating

an exhaust jet 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 ohemioal-fuel rockets can be launched independently

from the surface of the earth or other planets, since the engine thrust ex-

oeeds the initial weight, space vehicles with ion engines cannot, They must

begin their flight from the orbits of artificial satellites of the earth or

of other planets. Their trajectory is a slowly developing spiral (Fig. 29).

( The engines of such vehicles can operate for many weeks,

The basic advantage of sraoe vehicles with eleotro-reaotion 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 Desoent to the Surface of the Barth and Planets

Landing a spaoecraft on the surface of the earth and planets is one of

the most complex problems associated with interplanetary flight. The motion

of any spaoeoraft relative to the earth or other celestial body takes place

with a velocity equal to or greater than circular velooty. During descent

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

of landing. Two methods of decelerating spacecraft during descent which

differ in principle are presently feasible. The first of these is based on

the use of a reactive force, the second, on the use of aerodynamio forces

arising during motion of the spacecraft in the atmosphere.

To accomplish the first method of descent, the spacecraft (or its des-

oending part) must be provided with a power plant and a fuel supply to

"j decelerate the spacecraft.

Its characteristic velocity in addition must equal the sun of the vel-

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

and the ircrement in velocity caused by the effect of ,raitational forces

during the descending phases

V V
ou re. (1.45)

Approximate values are given in table 20 for the oharacteriti. velocity

when using chemioal-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 spacecraft (assuming that it has an optimal number of

stages, the relative weight of the structure is a = 0.1, and the Jet velocity

is a n 4000 m/seo). In addition two oases are oonsidereds descent from a

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

planet ' surface.

54



We see fiom the Table that when using the most efficient ohemioal fuels,

the relative weight of the payload can bet zring descent on the moon, to

30-60%; on Mars, to 15-30%1 to earth and Venus, less than 10%. With descent

on Jupiter and Saturn the payload is practioally sero. Such a result is

completely natural since the problem of deceleration of the spacecraft moving

with space velocity is, from an energetic point of view, equated to the pro-

blem of imparting such velocity to it.

However, in spite of the indicated shortcoming of the described method

of descent, it is the only possibility when landing on celestial bodies with-

out a sufficiently dense atmosphere and, in particular, when landing on the

moon*

The second method of descent, deceleration of the spacecraft by aerody-

ramie forces, if the celestial body has an atmosphere. As will be shown

below, the socomplishment of suoh a descent is most favorable under the oondi-

(1. tion that the spacecraft is preliminarily converted into an artificial satel-

lite moving to a sufficiently low orbit close to circular.

TABLE 20
Characteristic Velocity and Relative Weight of the Payload During

Descent with Use of Reaotive Forces

I Earth Lon I Venus-I "M [ upiter I Saturn

Descent from parabolic orbit

Character. vel. ku/sec. 130 2,5 12,0 5,8 6805 41,0
Bel. wt. paqload 1,5 30 1,8 114,3 0 0,0001

Descent from circular orbit

Character, vel. km/sec 8:1 1,5 7:4 3,4 46,0 27P5
Bel. wt. payload 6,7 1 8,5 132 0,00001 0,001

During descent with aerodynamic forces we must consider the two main oasest

a) Only the drag force aots on the spacecraft and its motion in this son-

i nection occurs over a ballistic trajectory;
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b) In adition to the drag force, and aerodynamio life force acts of the

spacecraft and it moves along a gliding trajectory.

In the first case the spacecraft, or its descending part, can be repre-

sented as an axisymmetrio body moving with sers angle of attack. In the

second case, it should have lifting surfaces.

We will examine the firsts simplest case to begin with. The drag force

acting on a body moving in the atmosphere with high velocity is determined

by the formulas

(1.46)

where Cx - the drag coeffioient,

SM - the frontal area,

p - density of the atmosphere at a given height,

V - velocity of the spaeraft's motion.

Correspondingly, the acceleration force is

it 'At (1.47)

where O/SK is the load on the frohtal area.

The mnitude of the drag acting on the spacecraft with a diameter of I m

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

TABLE 21

Dra!" Versus Height and Velocity, tons

n 4t,14 0,6 0,1 O8e 0,06 ,0O Oms.
16- $0,a . 0.70 0.1 0.6 0.6

N J 1,2 9 1.0 1,U 0,49 0,14 .0.0115
•- 6*0 1 4 ,15 2,7n 0,t 0.38 0,0*1

.. 16, ,12 4,1 1,1" 0,2 . 04
woo mm' nm t.0 *.U- 0 OAs

U6.8 u's u116 phe a. GASu

CAs is apparent from the data cited, the draq. ar~d consequently the
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*a0oelerat'ift foroe aoting on the spaceship can reach quite large values if

the motion of the spacecraft with a velocity close to space velocity ooours

at low heights. Consequently, the motion of a spacecraft in the atmosphere

should take place over such a trajectory at whioh a gradual deorease in the

velocity of its motion is accomplished as the height decreases.

This requirement is satisfied by trajectories at small negative inolina-

tion angles of the velocity vector to the horizontal when entering the dense

layers of the atmosphere at heights of 80-100 km. Table 22 shows the cal-

oulated data characterising the increase in the value of the maximal acoelera-

tion forces acting on the spacecraft in relation to an increase in the angle

of entrance into the dense layers of the atmosphere 4 en.

TABLE 22

Increase in the Value of the Maximal Acceleration Foroes with an Increase
Entrance angle, Rahtio of acceleration forces to those in anAl fB~neit h es ae fteAeshr

SertI trajeetory corr esponding to A on*' 0

0 1,0

5:,0 1,85
7,5" 2,9
10 4,0

As we see from the Table, an increase in the entrance angle into the dense

layer of the atmosphere from 0 to 5" leads to an increase in the maximum value

of the acceleration forces by a factor of 2, and to 100 by about a factor of 4.

With sloping descent trajectories the maximal value of the coeleration forces

is about 8-10. Calculations show that the value of these overloads depends

little on the load ca 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 descent phase, before its landing. The magnitude

" of this velocity during descent along slopng trajectories is close to the
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velocity of the spacecraft's free fall in the atmosphere and is several hund-

reds of mte per second,

Siumlateously with the effect of the aerodynamic forces on the spacecraft

there takes place its intense aerodynamic heating. The kinetic energy which

the spacecraft had during entrance into the atmosphere is converted to heat

energy, oausing an increase in the heat content and flow temperature 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-

meterm, corresponds to a 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 construction.

Therefore, the main problem in realising aerodynamio deceleration of a

spacecraft lies in dissipating as much thermal energy as possible into the

S ambient atmosphere so that the spacecraft absorbs a minimum of the heat being

released.

The picture of aerodynamic heating of a spacecraft in the atmosphere can

be represented in the following manner (Fig. 30). In front of the moving

spacecraft there occurs a compression of the gas and the so-called shook wave

arises. The parameters of the gas behind the shock are sharply changed- its

temperature and pressure increase, physioooheoical alterations of the gas

occur (dissociation, ionisation, etc.). Furthermore, an increase in the gas

temperature takes place in the so-called boundary layer in which there is a

deceleration of the oncoming flow relative to the surface of the spacecraft.

A significant amount of heat is transmitted from the heated gas washing over

the spacecraft to its surface. The remaining part of the released heat is

carried away by the heated gas and is dissipated in the atmosphere.
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Direction of flight

Fig, 30, Diagram of the motion of a spacecraft in the atmospheret
1) Shook wave; 2) boundazy layer; K a oritical point.

The greatest thermal flux impinging on the surface of the spacecraft is

close to the so-called oritical point K where there is a complete deoeleration

of the onooming flow. The value of the thermal fluxes arriving at the various

sections of the spaceoraft's surfaoe depends on the parameters of its motion

and shape. The heat being transmitted to the spaoeship is partially radiated

from it. surface and partially proceeds to heat its skin and is transmitted

inward. The surfaoe temperature of the spaoeoraft oan reach values at which

the most refractory materials are destroyed, When the temperature exceeds

the melting point of the skin material, fusion or evaporation and oarry-away

by the oncoming flow of the material from the surface of the spacecraft occurs.

Then a part of the heat is absorbed by the processes of fusion and evaporation.

It is evident that the outer skin of a spaceship designed for landing

mist be made of a material having the maximum possible decomposition tempera-

ture and requiring the maximum amount of heat for fusion or evaporation in

order to avoid destruction. Moreover, the design should provide for measures

of heat protection which will prevent the transfer of heat into the spaceship

to its equipment and crew, so that the temperature inside the spacecraft 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 spacecraft during the descent phase

depend on the nature of its trajeotorr defined by the value 1ent and on

the load on the frontal area 0/SM.

The minimum intensity of the heat fluxes and the smallest values of the

temperatures take place with the most sloping trajectories, i~e., when A9ent=0.

With an increase in the angle of entrance into the atmosphere, the intensity

of the thermal fluxes and the temperature values increase considerably,

When the spaceship does not have any special devices which substantially

increases its resistance (frontal-area loading of the order of several hund-

reds of kg/m 2), 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 can reach tens of thousands koal/M 2

sea,

CSevere beating of the spacecraft is explained by the fact that in this

case the deceleration of the spacecraft is mainly at relatively small heights

(0-50 kin) 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) increase its frontal

area and consequently the drag.

We can imagine such devices to be, for example, parachutes made of special

thermostable materials which open up before the descent of the spacecraft.

In this case the intense deceleration of the spacecraft is started at

large heights (70-80 kin) and by the time of descent the velocity of its motion

in 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 case, It is necessary to note, however, that the creation

4' of stror.g braking devices of thermastable materials is an extremely complex
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technological problem.

We will now consider the seoond variation of descent, with the use of

lifting surfaoes for developing lift forces, the so-called gliding desoent.

The lift foroe makes it possible in this case to maintain a small angle

between the trajectory of the spacecraft and the local horizon, i.e., to

make the descent trajectory quite sloping. As a consequence of this, de-

oeleration of the spacecraft mainly takes place at large heights, in the

rarnified layers 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 ballistic trajectory. For gliding spacecraft it is poo-

sible to develop a design from existing materials which will not melt. In

addition, by changing the lift force we can control to some extent the

descent tranjeotory, thus ensuring a landing in a preassigned region.

(. Thus are the main advantages of a gliding descent which make it possible

to consider that in the future gliding 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 craft

khould have an aerodynamic shape for ite stability and oontrolability in an

extremely wide range of velocities, from subsonic to hypersonio. Its design

should preserve the preformanoe on heating of the outer skin to temperatures

close to 1500-2000"C. The craft should be controlled by special automatic

systems, For carrying out landing at acceptable landing speeds it is neses-

sary to introduce additional lifting surfaces which open prior to landing.
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Fig, 31. )esoent trajectory of a spaceoraft with a oircular orbits

R) earth's radius; hkp) heit-ht of circular orbit; o) point of

transition to the descent trajectory; ldV) velocity imparted to space-

craft for transition to descent trajectory; 1) section of descent

trajectory lying outside dense atmospheric layers; 2) atmospheric

section of trajectory with ballistic descent; 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

spacecraft during descent with the employment of aerodynamio forces is sig-

nifioantly more favorable that with descent using reactive forces. The

weight of the means of heat protection, lifting surfaces, and other elements

of the spacecraft is less than the weight of the fuel needed for braking the

craft 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 accomplished

from a circular orbit several hundreds of kilometers over the surface of

the earth. For transition of the epacoraft, or its descending part, into

the descent trajectory it Is neoessary to impart to it a certain velocity

LV in a direction opposite to its motion in orbit. When ,lV equals 200-300

r/s*9, an entrance angle of several degrees into the dense layer will be pro-

duoedo Yb. motion in the atmosphere can proceed over a ballistic trajectory

2 or over a glide trajectory 3, As a result of the aerodynamic deceleration,
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the velocity of the spaceoraft is reduced to several hundreds of mters per

second, After. this landing of the oraft must be carried out, for which its

velocity should be reduoed to a value which will assure a safe landing of

the craft and crew on the earth or water, For this purpose, besides a glid-

ing landing, it is possible to use parachute. or retro-engines for landing.
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"FIRST II,, F, F It )

rtificial .tellito. and the Ptoblm of Interlanetau night&

U For the first time the question of the possibility of sending a 6pac6,

ship beyond the limits of the earth's atmosphere was theoretically solved in

the beginning of the 20th century by the outstanding Reusian scientist K. 3.

Tsiolkovskiy, who proved that the ouium for space flight should be the rock-

Ot. K. No Tsiolkrovskiy worked out a number of problems on interplanetary

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

on liquid fuel W&' ld,0 cientif~c founationaft the possibility of at.

taming celestial velocities with the aid of compound rockets. He is right-

fully called the father of astronautics.

At the time when K. L siolkovskiy 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

u of the human mind. "H1manity will not remain only on the earth,* he wrote,

Obut in striving for light 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 stop toward the a-

aOmlish ont of this grandiose task.

The creation of the first artificial satellites and space rockets should

be considered as a decisive practcal stop on the path to the accomplishment of

Interplanetary flights for a number of reasons.

First, the launching of artificial satellites and space rockets muts the

attainment of a level of rocket technology at which it becomes possible to at-

tM4A the velocities of celestial bodies, such as are necessary to accomp lib

flights beyond the limits of the earth's atmosphere.

Secondly, the creation of successively more perfected space equipment

r wi1 make it possible to solve all basic problems in a practical way that are
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• INannected with an extended stay of an in.-

. )terplanetar7 ship with people aboard out

/ in space. Together with this fact, the

"M - solution, for example, of such a problem as

the releasing of people and equipment

from artificial satellites, vili prove

to be at the same time the solution of the

problem of bringing back Interplanetary

*Atravelers from a space flight.

Anafnlly, in accordance with mod-

Orn concepts, artificial satellites of

the earth and planets are necessary as In-

termediate stations in acoomplishi g lnter-

planetary flights.
Fig. 50. Diagram of Interplanetary

U" Lot us dwell in detail on this ques-
flight.

tion. An analysis of the prospects forParts of flight: Ia-oearth atel-

interplanetary flights leads most athors
lto leaving for orbit; Ib---flyitng

to conclude that it is impossible to acD-

away from orbit of earth 
satelliteo

fa,-transfer to orbit of moon (Mare) complish 
a flight ven to the nearest ce.

lestial bodies (Mars, Vonus) with the aid
satellite; IIb--landing on moon

of a single rocket for a spaceship setting
(Mars): llla--leaving for orbit of

out from the earth.
moon (Mars) satellite; 

IlIb--flying

The basic difficulties in accomplish.
away from orbit of moos (Mars); IV--

transfer tO orbit of earth satellite. Ing 
Interplanetary flights can be Ills-

trated by examples of flights to the moon

and to Mrs. A diagram of such flights Is given in Fig. 50. The orienting

valos for the speeds which the rocket should attain on the different laps of its

moveent, and also the value for the total, so-called characteristic velocity,
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FIRS1RMFS~mUAA~n Table 25.

Table 2 5

VelocitY 9f Rocket'. Movement M 1igkat to &on ad Mar#. kaL69j

Requird Veloity night earth-.- Flight erhReqird Vloit moon-earth ibis- earth

In leaving the earthl

a) for coming onto the orbit of 10,00 10.0*

the earth's satellite

b) for flyingi W4*,* from the orbit of

the earth's satellite 3.0 3,4l

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

the planet 2.0* 45

In flying away from the planet:

a) for coming onto the orbit of

the planet's satellite 2.0* 4.5*

b) for flying away from the orbit of

the planet's satellite 0.7 2.0

In returning to the earth 3.0**

Total characteristic velocity 21.14 29.8

e~ values presonted for the velocity exceed the velocity of the movement

of the satellites by the value for the losses cou~sed by the force of gravity

am-4he lap of the departing flight or the landing.

SI *Zro one has In mind the changes. in the velocity which assure the transit ion

onto a circular orbit located at an altitude of some hundreds of kiloters

above the surface of the earth. Farther launching can be accomplished wltmt
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+ + suu~lipton of fuel by taking advantage of aerodynamic forces.

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

the moon amounts to more than 21 km/soc, and in the case of & flight to Mars to

about 30 ku/sec,

An analysis c the possibilities of rocket technology Indicates that by

making use of the beet chemical fuels, or the methods of the use of nuclear

enorgy known at the present time, rockets which possess the characteristic vol-

ocities shown should have an initial weight that would ozooed mnoy thousands of

tons.

The creation of rockets of such great weight lies beyond the limits of the

technological possibilities of the near future. Therefore the accomplishment

of flights to other plzaets by such a very simple scheme, which assumes that

the spaceship starts directly from the surface of the earth, apparently t not

within the realm of possibility , at least until such a time as there shall be

found now methods of obtaining reactivo force which are different from those

used at the present time.

However, there Is another plan for accomplishing interplanetary flightsm-

with the use of artificial satellites of the earth and planets as intorne disto

stations. The idea of using artificial satellites in the accomplishment of

Interplanetary flights was expressed by K. 3. Tliolkovskiy and developed in the

work of a number of his successors

One of the possible variants of Interplanetary flight can be presentedI n

this Oas* in the following ways

a) One creates an artificial atellite moving in some orbit around the earth

at a afficiently great altitude. Thlough succeseive trips of some rockets one

acoqplish*e the transportation to the satellite of supplies of fuel and ceo,-

etraction elements for building a space-ships The assembling of the space-

ship from separate olmeate is accomplished on the orbit of the satellite.
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FIRSTr LINE b) O accomplishes the flight from the orbit of the satellite of the

earth to the planet vhich is the goal of the journey. The spaceship is con-

verted into an artificial satellite of this planet.

i) Vith the creation in this way of an artifical satellite of the planet

one accomplishes the flight to its surface and back again. For this flight

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

assuring the return later to the earth, continues in the meantime to move In

the orbit around the planet.

d) The flight is made from this orbit to the orbit of the artificial @at-

ellito of the earth.

e The passengers are released with the necessary equipment from the

orbit of the earth's satellite onto its surface* This lap of the flight can

be accomplished almost without the expenditure of fuel, basically by using ae-

rodynamic forces.

4. The apparent advantages of such a plant of interplanetary flight are,

first the possibility 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 weigb. Vhen this is done eah of the

rockets accomplishing the transportation :) c e neceesary 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 lantting of the cabire with the pas-

songers on' the planet which is the destination of the flight and the departure

from it to attained* In accomplishing the flight by the first scheme the weioht

of this part of &,Ae -paceship would be several times as great, so that the

useftl load, outside of the @abi-. and passengers, would have to include also

those phases of tb rocket neosoess#r for the ?ial return to the earth,
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FIRST LINE Nfr#*rtACUla? is that a space ship accomplishing a flight between the

S brbits of the artificial satellites (4o-called orbital ship) can use engines

ihatbve a thrust considerably less thaan its weight* This circmstances opens,

up the real prospects for the use In #rbital ship of oloctroreactive engines,

and this mak.. possible & considerabli Increase in the useful load.

For farther visual Illustration 4f the advantages of accomplishing the

Interplanetary flights by the second scheme ws present comparative evaluations

- of the. basis characteristics of the rochi.

A I ets for the methods of flight under con-,

-sideration. For this purpose we ake

S - use of the formula (1.43) which doter-

- --mines the ratio between the characteristic

velocity of the rocket and the relationb-

ship of Its weight to the weight of the

C useful load with the optimum figure for

PIS. 51. Ratio of the initial weight the phase@*

of the rocket to the weight of the Let us assume that the velocity

useful lead as depends en the char- at the expiratioa of the rocket's

acteristic velocity, reactive exhaust c amounts to AO00-.5000

in/sec, but the relative weight of the

construction or= 0.1, which corresponds to a very high stage of perfection in

the construction of the rocket.

The ratio of the initial weight of the compound rocket to the weight of

the sefal lead as depends en the characteristic velocity In this case can be

determined by the graph presented In Fig. 51.

On the basis of this graph one con~ establish thatwith a weight of ueehl

164~ (cabia with passengers and necessary equiruent) of G17 z 10 rhas &ad j

4W0 n/sec qthe Initial weight of the tocket with the aid of which It i po.
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-FIR s-li t#O coopli h the flight to the moon by the first scheme, should amount

to about 10.000 tons. Yor a flight to NMrs under the same conditions one

Would need & rocket with & weight of more than 180,000 tons* with I aO0 u/sec

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

3000 tons and for the flight to iars, &bout 25,000 tons.

Let us consider noW what characteristics, under such conditions, rockets

should have in accomplishing a flight by the second method. The basic charao-

teristics of such rockets oan the &ssu*ption of using engines with a final vol-

ocity of j = 4000 i/soc with relative weight of the stages of the rockets

the
or= 0.1 are shown in Table 26. With thisAratto of the Initial veight of the

rockets, &souring the attaining of the necessary velocities on the separate laps
is

of the flight, to the weight of their useful loadAlso determinable from the

graph shown in Pig. 51. From 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'

Iof the construction in passing from the first to the second scheme for acco.

plithing the flight is reduced respectively by factors of 2 and 4.. Vith

the second scheme the first lap of the flight can be realised through the

launching of a number of freight-carrying rockets with a weight of some hand-

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 and possessing an

initial weight of thousands and hundreds of thousands of tons.

The data presented clearly show the advantages obtained by using as%

tificial satellites in interplanetary flights.

It iq not to be denied that the accomplishing of interplanetary flights

t. th the use of artificial satellites roquires the solutions of complicated

tocical problems. mong such problems In t he first place one finds| tbe

prebise launching of a gr at umber of transport ng rockets to the orbit of

the lartific l-satOllitO statism , their approach and the aembling of a

70



F IPST I OF 7-xT Ia le 2

, haraotristics IL the Rockets Lor Acgonlishi, tp Inforlaetary Flights

w the al of Art1ficial Satollite

Smoon-earth Plight-arthBasic Characteristics mon.earth- llight arth-

Rockets for delivering the parts of the space-

ship to the orbit of the artificial satellite

of the earth (flight lap Ia)*

characteripks v490ivt fkt/soC 10 10

initial weight (total), tons 5,50 38,400

overall weight of useful load, tons 205 1,430

Rocket for passing to the orbit of the arti-

ficial satellite of the planet (flight laps

Ib and IIa)*

characteristic velocity, ka/sec 3.7 5.4

initial veight,tons 205 1,430

veigkt of useful load, tons 61 242

Rocket for descending to the surface of the

planet and ascending from It (flight laps

Ilb and IIIa)*

characteristic velocity, km/eec 1i.0 9.0

initial weight, tons 37 193

weight of Uosftl load (cabin, crev, and

equipmt), tons 10 10

Rocket for flight to the orbit of artificial

earth satellite (flight laps Illb and IT)*

characteristic velocity, km/see 3? 5.4

T(continued on aext -ge
4b

'Parts of flight shown in F1g 50.
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w veight tons 34 59

weight of useful load (cabip 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 be thenly one with real prospects for accom-

plishing interplanetary flights.

Looking out tato the tuture one can picture the basic stages by which man-

kind vill accomplish flights to other celestial bodies:

a) preparatory research of the basis problems of space flight with auto-

atic artifical satellites of the eartht accomplishing space flights of rock-

ets with automatically working equipment;

b) the creation of artificial satellites of the earth with people on

them and permanent artificial- satellite stations; detailed working out

on them of all the basic problems of space flight; solving the problems of

releasing people and equipment from a satellite to the earth-

c) the accomplishment by man of flights to the moon and nearby planets

without landing on their surfaces;

d) 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 said It Is apparent how great the Importance of

artificial satellites is for accomplishing flights to other celestial bodies.
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Study of InterplanIetary Gas

The question concerning the natur and concentration ot Inter'planetary Ps

Is diff lcult to solve In the presen't st~tus of astrophysics with the aid of oser

vatioms, conducted frois the earth's surf'ace., This problem, which has peat sign

nit loans,* for explaining the processes of the exchange of gas between an Inter-

planetary modium and the surface layers of the earth's atmosphere, and for stud-

ying the conditions of propagation of t i sun's corpuscular radiation, my be

solved with the aid of instrumentas Ifshblled =n rockets, which morse directly

in. Interplanetary space*

On the 'basis of data from obaerva~icms of polarization of zodiacal lightg

the study of propagation of the so-called whistling atmospherics (lw-frequency

electromeguetic oscillationa, called eleIctrical discharges), can be taken as the

most accurate model of en interplanetawjr mdium, the constituent parts of which

are characterized by the following foatoaress

stationary plasm with tesporature T = 10'4 X, containing electroms and pror

tons with energies W and velocities YR.

electrons W = 0.87 ev, V = 6e3 . IQ? cm/goc

protons =0*87 eve T = 15 e )0cmse

stationary plasma with te~erature ? =10 *K. containing electrons and proton

with energies and velocities,

electrons W~.=08 ev,, V.2*109c/sec

protons V.=8*7 eve V=I1 .7 o 10 Wm/sc

sporadic corpuasular flux, containing electrons and protons with energies

and velocitiess

el1ec trons W472.5 ey , V5 3 e 10" cm/se.

protons Wcqii5 eve V413 . 109 *&/sec
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particles ot external radiation beots, with which the earth is rotated at

distances of several earth radli which rimarily consist of electrons and protons

having energies and velocities,

electroas V > 200 ev, V > 8.4 . t)0 on/ce

protons V > 200 eve V > 2. 107 Os/oo.

For experimental verification of o presentatias concerning Interplanetary

ps in the region of the earth and far 4yad its limits, so-called proton eatcher

wore used an Soviet cosmic rockets.

We will stop for a description of me type of these proton, or ion catchars.

A Triple-electrode, ion catcher (fg. 61) reprosents an instrment, composed

at a O.ollector and two grids - internal and external, which separate the collec-

tar fom the revolving space container. A negative potential relative to the body

4' of the container .pis mintained at thelcollectorl negative potentialf I . the

creating field, which retards the photoootrons, vhioh are emitted by the oolloo-

tor, is minmhained at the Internal gridl at the external grid. potential 12is

mintainod, positive, negative or sawtoo*h, depending on the designation at the

catcher.

A variating current, flowing in the collector's circuit of such a catcher,

ean determine the flow density at these or any charged particles, which hit on

the collectoro We ean 'sort' those particles according to charge alg and ener-

gies, *bangn the voltage an the catcher's pids (or simltaneously applying seve.

ral catchers with different voltages on the Vida) and taking into account the sit

of the total current, established 1W a flux of charged particlso hitting an the

catcher's collector.
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ale

F i* 61. Triple-eolrods 10on oahrI I-. oollocterl 2-- InternaUl grid I

U.- exter'nal, gri:d 4 - body of' the oa tnereo

9

irg. 62. Aplifying osoade.

An amplifying cascade, by mens of vhich are produced the power of curren"

In the circuit of each catcher's colledtor, Is Indicated In fig. 62.
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Biological InI stiptions

Biological investigations on altitude rockets ande espeolally an artifi-

cial earth satellites, are the moat inortant steps In preparing for man's fli-

aht into cosmic space To this factor is .relateds the effect of overloads at

the rocket's start, the state of weighlessness under free flight coaditions in

orbit, the effect of various radiatiatui on the living organism, the state of

a highly-organised living being In a hmrmtio cabin. and the adaptability of a

living organis to conditionso aproxmiate to a cosmic flight. Investigations

In these directit are conducted on se, small pips rabbits, dop and monkeys

Monkeys, as a rule, ascend in the rockq'ts in a narcotic state, which significan-

tUY lovers the value of the conducted 4xperiamnt. Soviet physiologists conduc-

ted a series of successful experiamnts on dogs at the take-offs of pophysical

rockets down to an altitude of 470 kmo The experimntal aninls were safely re-

turned to the earth, vhere their condi ion scarcely deviated from norinl. The

vast material acoumlated by Soviet phbsiologists at take-offs of altitude roc-

kets allowed for the mking of complete determined conclusions concerning the

poesibility o sending a living arganija into cosmic space.

Biological investigations on arttficial earth satellites were conducted

to broaden our knowledge concerning the stay of a living orgonism In cosmic fli-

ght coanditionso In contrast to the biological investigations an altitude roc-

kets, the artificial satellites are used to study the effouts of prolonged In-

fluence of accelerations, noise and vibrations at the launching of ti satellite

up to the momnt of its ezit to orbit ind the prolonged state of weightlessness

during orbital flight.

Far providing an animal with all the necessary living cnditions during

the comic flight, and also for registering an animal's physiological functions,
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a special apparatus Is used, correpDi" to kII requiremeints In desiga.

Fig* 80. Physiological Apparatuas 4rtl

2P. ierphame; 2- automtic pressure ~eice; 3.. autancmw recorder; Ji--

first amplifying and distributing blockl; 5- second amplifying and distributiag

block; 6.- voltage conversion block; 74.- temperature eleiment.; 6w- unit fcr

measuring arterial pre .soure; 9 breathing unit; 10- unit for roeordirvg actica.

JeMWO - YC Mlmefi4 It

IARPkwM-Na

Is.

o-

ftg. 81, Blk-diaiea of the pbrsiologival apparatus.
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Ke7 to fige 8.

1. Mnite 11. Aplifier

2o Resp ration 32. Amplifier

3. Ileatrocardlope 113. Cmmutation block

4. Osecillaticn 14a. Progrm device

5. Bod temperature 15. Zleo trical-feod sources

6. /oveman~ 16. Auttmtic pressure device

7e Marks 117. To radioteltmtric syeti

8. Presmre in cup

9. Cabin temperature

10. Cabix pressure

lb. tollowing apparatus is Insert in the mke-Vp of the henwtic cabin's

equipmnto a regeneration device with a4 automatic eyote. a regulator ot air

temperature in the hermetic cabin, an automatic device for feeding and prov Idig

water for the animal, an attacmnt for ixzing the animal's position In the cabin,

and a not of pyeiological units togethoe with an amplifying and comtation block

and amplif Ien.

With the aid of the physiological units, which are distributed on the animal

(fig. 80). indices are recorded, oharacterising the state of respiratin and bloodI

cimculation of the animal in flight, and namelys rates of beart contaottion by

maans of recording the biocurrente of the heertl the amounte of mmxim erterial

blood presure by the oscillation method at periodic reduction of the ezpced. In

a carotid ekin shred bF means of a special cup. Furherme, the "actpapb metho4

If used with the motion unit for making a Judment concerning the saimal'e motive

activity.
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Biocurrents are recorded b oans Of silver electrodes, nserte under the

animal's skin* The use of tensolytic rheotat unitb, applied in the fera- of bolts

an the animal's groud cell, permits the respiration rates to be recorded* The os-

cillatian unit, which converts pulse vibsa ims of the carotid walls in electrical

oscillations by mans of a piezoeryostals records arterial pressure. The animals

movements are recorded by a potentiamotr o unit. A blook-diagrm at this appara-

tue is presented in fig. 81,

For providing the animal's food u |er weightless conditions special food

olatious maose are processed, sontain n the necessary quantity of watero

A speaial sanitizing unit Is provi d for the animal's functioase

Pr mean of extensive training und r laboratory co nitions and ooriomeat

conducoted ny time a day, the animal 4. prepared for a flight an an artificial

S earth satellite.
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Second Soviet Cosmic Rocket. First Flight To The Moon

The launching of the second Soviet cosmic rocket to the Noon asa carried out

on September 12,1959 , The purpose of the launching was to investigate cosmic space

and realisation of the first flight to the MooneThe last stage of the rocket weighed,

after consumption of ftel, exactly 1511 kg. Control of the rocket along the final

stretch vas automatic- with a special control system*

On the last stage in piggyback fasion rode the separable cosmic apparatus

(capamlo with scientific and radio technical equipment, the apptratus in its construc

tion resembled the outfit mounted on the first Soviet cosmic rocket* Separation

of the apparatus (capsule) ws realized after disconnecting the power plant of
small

the last stage, Upon separation the capsule acqutreiadditiomal velocity relative

to the rocket*

The scientific instruments carried on board the comic apparatus, secureds

Investigation of the magnetic fields of the Earth and Moon;

investigation of radiation bands around the Earth;

investigation of intensity and comic radiation intesnity variations;

investigation of heavy particles in cosmic radiation;

investigation of @aeRous componmt of interplanetary matter;

invostigation of mteoric particles.

To transmit scientific information back to Earth and to measure the traJectoy

parameters the apparatus carried a radio troasmitter ,operating on a frequency of

183*.6 m, as well as a radio transaitteroperating on frequencies of 39.976 and

199,93 me. Signals of the latter cam in form of pulses of variable duration from

0.2 to 0.8 see., following at repetition frequency of 1 t 0015 a,

The given temperature of (20=25 0 C) was maintained by a thermo-cutrol system



and proper =k*-d treatment of the shipes mnc = outer surface.

In addition to the radio transmitters located in the separating cosmic apparatus,

directly during the last stage was activated a radio transmitter operating on fre-

quencies of 20.003 and 19.997 w. With the aid of this radio transmittsr.emitting

signals in form of telegraph messages with a duration of from 0.8 to 1.5 seeowas

carried out radio observation over the flight of the last stage and data concerning

cosmic radiation intensity were transmitted, During the last stage there was also

a special device for the creation of an artificial sodium comet.

Total weight of scientific and metering devices carried on board the Soviet

cosmic rocket together with the power sources and comic apparatus was 390.2 kg.

The rocket carried banners with the state emblem of the USSR and Inscription

oUS . September 19590. Safety of the banners during encounter with the Mo was

provided by proper structural masureso Steps were also taken to prevent contamina-

tics of the lunar surface by terrestrial microoranimse

The flight trajectory of the second Soviet cosmic rooket (fig,103) was selected

in such a maner that during its approack to the 'loom and at the moment of

-- :- z-- -encounter the Moon should be over observation points situated

in the USSR, near upper culmination, l.eethat its elevation above the horizon should

be at maxisum. The most favorable conditions for radio cmuunication have bees

sered,

See Page 8 1a for Figure 103

FiA.03.Sou tic drawing of the ti ector, of ecod Soviet comc rocke
1-orbit of Xbonl 2-plae of rocket trajectory# 3- scintillation f rockst;
u-plame of lunar orbit; 5- position of Moon at the mnt of rocket start,

The selected trajectory.of bperbolic type secured the duration of the luna
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trip at abcut 36 hours. The velocity of motion of the rocket at the end of the

separation section was somewhat higher than the local parabolic velocity.

The seleotion of trajectory has been preceded by a gre ter matheintical opera-

tionocarried out with the aid of high speed electronic computers. When asking the

calculations in addition to the gavitational foroes of Barth and Woon it we found

necessary to consider also the deviation of the terrestrial gravitational field

from the central (as result of Berthas empWession a shrinkage) and disturbing effect

of solar gravitation. Ams result of tho calculations was established the optimua

trajectory.offering mnximum value of useful load weightoand the mment of rocket

blst-off has been selected*

The necesaity for accurately nintaiing the calculated blast-eff tUme is

determined by the nircumstancethat at agiven flight direction the plane of traject-

ory rotates together with the Barth during Its diurnal rotation around the natural

axis. The blast-off of the second Soviet cosmic rocket was realised with extremely

reat accuracy - deviation fro the given ament of tim constituted about one

At 1500 bra aceording to Nincow t;Aw on September 129 1959 the rocket was away

from the brth by a distance of 78.5 thousand ka and was over a polntosituated to

the north of Now 0uinea Islani, At about 2200 hrs of this very sem day the distanoe

between rocket and Barth was 152 thousand km.

At 21 brs 40 mi. according to Moscow tlmswhen the rocket wes observed in the

A4 uarius constellation, approzmately along the lineconnecting the

Alpha dt.r of the Aquila constellation and alpha of Piscis Austrinas con-

stellation, the apparatus, installed on the lest .ap frmd an artificial sedim

comete The artificial comet became visible at 21 brs 48 mi. ,when the dimusoas

of luxisom elod of sodium vpors attaind consderable ngmitude, It was obseerd

fl) 2



anld phetog~epbad within a Period of 5-6 minutes by many observerse

On September 3 at 3 bra 20 min acc~to Moscow time the rocketesitauted ata

distance of 200 thousand km from the hirth, disappeared from the zone of observation

of the metering points situated an the territory of the USMi. At 9 hrs Of

September 13 it appeared from the radio horizon from "astern lirection and the

measuring points spiin began receiving scientific information and continued with

the radio measurematse At that time the distance between rocket and Noth rose to

250 thousand km.

At 16 bre.40 mizoof September 133 the rocket reached the sphere of action of the

Moon* It velocity of motion was about 2.3 ko/ses. Further on the velocity

of its motion relative to the Moon kept an increasing continuusly,having reached

at the ment of coming in contact with the MOOn approximately 3.3 km/see.

At 0 hrs~a2 mm.e 24 se" Moscow tim on September 14 39599the second Soviet

comic rocket reached the surface. of the Mcoo. The operation of the radio media,

installed on the rocket~which functioned reliably all during the fliLgktgwas cut

off at the moment it mae contact with the moos

The processing of obeervation data showed that the comic apparatusnmounted on

the secn Soviet cosmic rocketedescended to the surface of the VM to the east

of the YASHOSTO (Br'ightness) sea near the Ari stide crater, Archimedes crater and

Atolik crater. The selenogaphic latitude of the point of encounter between

apparatus and the surface of the Noon, according to obtained data, equals 309

and selatigkapblo longitude equals zero@ Deviation of the point of lamr contact

from the center of the visible lunaer disk Is apiroxiiately 800 km. At the momnt

of encounter the trajectory of the apparatus was inclined toward the surface af

the Noon at an angle of 60*9The processing of obtained data shows that the lest

stage of the rocket has also reached the surface of the Moos.
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FiglOl.4Routo of the Second Soviet Comic Rocket on the surface
of the BUArth

Thus was realize& the first cosmic flight from the Earth to another celestial

body, To the surface of the Moon were delivered baiers with the euim of the USM*

The successful flight of the mooed Soviet comic rocket was one of the mot im

Sent phases on the way of investipting the comic space and motering of inter-

planetary flights*

Third Soviet Cosmic Rockot*Automtic Interplanetary station

On October 4,19.59 the USSR launched the third cosmic rocket, The purpose of the

launching was the solution of may problem connected with studying cosmic space.

The most iq tant of these was the obtalInmt of phetoo of the surface an the revers

aide of the Nbouglaccessible for pound observations,

To solve these problem an automtic interplanetary station was cos otructeds

and lifted with the aid of a ultEtage comic rocket into orbit rounding the Moos*

Having covered a distance of several thcusan ke from the None in accordance with

calculationis, the automtic station under the effect of luaw gravitation changed

its heading (curse). tavelling next over a new elliptical erbitgroundiag the Barth

the station got away from it Into the apqe at a distance of about 480 thousand km

Such an orbit was etrInly convenient for photographing the side of the Noon in

visible from the Earth and for the transmission of scientific informtIos to the
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SBarth as wells

The last &tage of the third Soviet comic rocket weighed 1553 Xg (without fuel).

The weight of automtic interplanetary station mounted on it was exactly 278.5 kg.

In addition, the last stae of the rocket carried the metering ap,,sratus with power

sources of total weight of 156.5 kg. in this way the total weight of the useful load

of the third Soviet cosmic rocket was 435 kg.

Structural improvement and high accuracy of the control system of the mlti-

stags cosmic rocketgused for lunching the automtio Interplanetary stationquads it

possible to lift same into orbit, practically no different from the calculated one,

which paranteed wsu~essful execution of an entire complex of scientific investigse

tics. and obtaiment of the first historical photos of the reverse side of the Mon*

Arrangement of the Autatic Interplanetary Staticn

The automtic interplanetary stations a cosmic apparaftsequIpped with a

couplax arrangement of different devices*

The basic systemoinstalled on beard the interpLanetary station, weres

radio-technical syste~uarrenting the measurement of station orbit parameters,

transmission to Barth of TV and telemtering informatioa~as well as transmission

from hiath of comads for controlling the operation of the equipent carried on

board the staton

pboto-TY-esystam intended for photographing the Moon with subsequent automatic

processing the film an beard the interplanetary station and transmission of obtained

img over the TV ehannel to Barth.

The complex of scientific devices for further investigation of comic space 9

initiated on the first Soviet cosmic rockets;

special orientation systemproviding orientation of the interplanetary station

relatlive to the Son and Moonecessary for photographing the Invisible side of the
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power supply system for the equipwnt carried on board the interplanetary

station ;

temperature control syste,

Operation of station installations was controlled from ground points over

a radio line and by autonmouss programing devices carried on board the station,

Such a combined control system Is most convenient for carrying out scientific

experimentations and allows to obtain infona t .on from any points of the rbit

situated within limts of radio visibility from pound metering points*

The automatic Lnterplanetary station had the shape of a cylinder with spherical

bottoms (fig.l05).iaxium lateral dimension of station - 1200 mnelength-300 m

(antennas not considered).

The thin-walled airtight shell of the station was made of light allcro In it

were situated the entire aerial equipment of the statief and the chemical power

sources On the outside was mounted a part of the scientific imtrufontsoantennax

and sections of the solar batteries*

In the upper bilge (bottom) was an illuminator with lidopening automatically

before the beginnhig of photographing. Under the illuminator are situated the lenses

of the photo cameras and lunar orientation transmitters. On the upper and lower

bottom were also placed small illuminators for solar feelers of the orientation

system. On the lower bottom are mounted power plants controlling this system (fig.106),

The radio system of the interplanetary station, as mentioned above, secured

the combining of various functions into a single radio ommnication linee With the

aid of the radio system were measured the movement parameters of the interplanetary

staticn- distance, radial velocity and angular coordinates, In addition the radio

system transmitted Uelematering informatioacoming from scientific and control
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devies, transmission of TV signale and reception from the ]krth of radio-¢emMnds

according to which the connection and disconnection of various Instruments on bard

the station was executed.

All these functions in line of radio comunication with the station were carried

out under continuous emission of radio waves ( in contrast to the wide picked up

pulsed emission). Such a combination of functions in one radio linoeworking under

continuous emissicogwas realized for the first time and it gave the possibility of

securing reliable radio comunication all the way to maximum distances at least

energ losses on board the station* The total volume of Informtion otranaitted

over the radio linegby much exceeded the volume of information which has been trans-

mitt*d from the first and second Soviet cosmic rockets.

See page 87a for Figure 105

Fi.AO&.Autematic Interplanetary Statics ( on assembly trolley)

The radio apparatus of the interplanetary station Included radio transmitters,

operating on frequencies of 183.6 and 39.986 m. The first of these served for

controlling the orbital elements of the station, transmission of TV images and

transmission of basic scientific Information as well. A part of the scientific

information was tranamitted with the aid of the second transmitter.Its sig ls

317



.........

Fig. 105. Automatic Interplanetary Station
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cam in foarm of pulses (beeps) of variable duration from 0.2 to 0.8 sec.or@pestIW4

itself with a frequency of 1 1 0.15 so

The apparatus of the radio line was duplicated to Increase reliability of

cmmncatioa. In case of failure of any one of the radiotechnical devices on bosrd

the station it could be replaced by a duplicating deviceswited en by traasmission

of a preper cinnd from the control point on the ground.

Special attention was paid to maxiwm weight and dimension reduction of the

instruments carried on board the station. In the radio installations were widely

used semiconductors, ferrites and other modern radio elements. To economize an power

the power emitted by radio transmitters on beard the station was fixed at several

watts.

The ground radio installations,situated at watering points, had powerful

radio transmitters, sensitive receiverascoinnd and recording devices as well as

antenna system of Creater effective area.

Som ideas about the difficulties connected with the task 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 iaxima

distance between barth and station, is appreximately 100 million time smaller than

the average power picked up b!w an ordinary TV receiver. The reception of such weak

signals against the background of noise of cosmic radio radiation appears to be an

extroemely difficult problem and calls for the use of highly sensitive receiving

devicewith low level of natural (igon) noise and known reduction in the rate

of informtion transmission as well. In the radio line of the interplanetary station

were used such mothods of processing and transmission of signals on board the station

and at ground motering pointseat which the noise level was reduced to a maximm with



retention of the permissible rate of transminsion.

See page 89. for Figure 106

Fix.106 aOeneral view of ftntatic IntelplafletaI'y Station (Drawing)
1-illumi4nator for photo cameras; 2- power plant of orientation system; 3-solar
feeler; Jiesolar battery section; 5c-louvers of thermocostrol syms; 6-thermal
shields; 7. antennas; 8- instruments for scientific invetiptiona.

For photographing the Moon most appropriate ms the system at which the photo

cassi?as were aimed by rotating the entire autamstic interplanetary stat ca.e The

rotation and mintsining the interplanletary station on the given course was reaizied

by an orientation system. The basic elements of this system weresoptiosi feelers

(solar and lunar), groscopic feelers, logical electronic units and control motors.

The orientation system wqs cut-in after the capsule drew closer to the Moon,

at the nomnt when the station ws an an approxatly straight line 9connecting

the Sun with the Moon* Te Barth at that time uas an the side froma the Sunoofton

directions 7he distance to thb Moon at the moment of cutting-in the orientation

system was, according to calculations 6Om7Othomasand Wit. It was then possible to

carry cut lunar orientation by illuminting the station by three bright eslestial

luminaries - Manp Hoon and Iarths,



N

Fig. 106. General view of katomatic Interplantary
Station (Drawing)
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At the outset of its operation the orientation system first of all discontin-

ued the voluntary rotation of the automatic interplanetary station around Its COo

which originated at the moment of breakwavay of the last stage of the carrierorock-

ete
After aesuing the rotations of the station with the aid of solar feelers was

carried out its orientation relative to the Sun so that the lower bottom of the

station was facing the Sun* At such a position of the station the optical axes of

the photo cameras pointed toward the Moon

The proper optical devicein the focus of which neither the Zarth noR the

Sun could appear, then cut off the feelers for orientation on the Sunaoiming the

photo cameras of the station precisely toward the Moon. The signal coming from the

optical device and announcing 9 presence 0 of the Moon initiated the start of auto

matic photographtng, During the entire time of phetographing the orientation system

provided continuous vectoring of the autaitic interplanetary station toward the

Moon, Schemtic drawing of the interplanetary stationts orientation process is

shown in figol07,

See page 90a for Figure 107

Tig.107,Schematic of the process of orienting the interplanetary
station toward the boons

IYIesubeement positias of the station, Position T-correspomds with the
phatopeaphing of the Moon.
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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 1l the frames the orientation. system was disconnectedo At the

moment out off it mparted to the autmtio interplanetary station and ordered

rotation with definite angular volocityselected so that, cc one handto imrve

the thermal process, and an the other hand* not the affect the functioning of the

scientific eip ent. The basic elements of the photo-TV syItm waves photo camera,

automatic film processing arrangement, Tl-apparatus.

The photo-samra was provided with two lenses with focal length& of 200 and

500 I and proper shutters 1,596 and 189.5.

The lens with 200 - focal length gave the image of the lunar diskofully fitted

into the frams. The lens with 500 I focal length lpys a large scale image of a

part of the lunar disk.

Photogaphing was done on a special 35 - film, enduring high temperature

processing. Photigaphing was dome with automatic change in exposure of various

frames to obtain negatives with most favorable densities and lasted for about

40 minutes, during the tim of which the reverse side of the Moon was phetographed

repeatedly.

The entire process of photographing and fila processing was executed autcmt-

ically in accordane with a set progvam.

To prevent fogging of the film under the effect of cosmic radiation the systm

was provided with a special protectionselected on the basis of investigationse

carried out with the aid of Soviet Ian-made satellites and comic rockets.

After the photogaphing has been copleted the film was guided into a mll

mise automatic processing arrangement, where the dovelopmntofixing and drying

were carried out* After this the film mved to a special bez and uas being readied

for image tranmission.

Tranmission of the luar picture was done by emand from the a ,th.These



commands out-in the power of the stationts TV arrangement 9device for stretching

the film and the TV apparatme wasn connected to the stationts tramitterse

To trzmafom the imse on the film negative& into electric sipals vas applied

the Otanslucenee 9 nethod, analogous to the one used by MV-enter for transmission

of motion picture films amall misc CRT of high resolving power produiced a bright

luminon~s spot, which with the aid of an optical system was projected an a photo

film. The light, having Wassd through the photo film, fell an a photoelectric

mltiplierg which converted the light signmal into an electricale

The pbotic spot on the screen of the CRT mved in conformity with the control.

ling electrtcal signals,prcdueed by a special scanning arrangement. te imia of the

photic spot on the photo simultanously moved across the filmm, from one of

its edges te another, after which it rapidly restored itself Into Initial position

to ceatina again Its uniform moment acres* the film. This macurea linea meanning

of the image. The photowfilm :in itself mov'-d slowly past the CR?, which provided

*frame' scanning.

The Intensity or the light which passed from the CRT through the film to the

photoelectric mltiplier, Is determdned by the density of the negative at this point

at which the photic spot is situated* When the spot travels over the negative the

amperage in the photolotrie multiphier changed in conformity with the law govern

ing the change in image density along the linea IIn this way at the output of the

photoeleetric miltiphier was created an electric imoge sigml* repeating tUe law

of negative density change along the line of resolution,

Aplifteatioa and formation of image signals were realised with a specially

Aeveloped narrow bend stabilised amplifier.

Sines the average density of the negative and Image ontrat have not been

eoctly knwn before, the amplifier was provided with an automatic control device



providing compensation for the effect of change in average dnsity of the negative

On the output sipal. Provided was also automatic brigtmoee control of the trans.

lucent tubegoonpaeating for contrast changes.

On the film ware poozposed test sins, parts of which wore developed on the

liath, and the remaining parts developed on board the station in the process of

developing exposed frams with image of the reverse side of the Moons These slow

were transmitted to lkrth thus offering the poss bility of checking the process of

photopamphing, processing and transmission of image*

The process of image transmission was carried out in two waysiuach slower

transmission at geater distances and much faster m at shorter distances wha

drawing closer to the Zarth.

The number of lines into which the image was broken down could vary depending

upon the selected way of transmitting. The maxim number of lies reached up to

1000 per one frame

To synchronize the transmitting and receiving scanning devices is

employed a sethod~seeuing high interference resistanso and operational reliability

of the apparatso.

bound reception of bon Image signals was reallmed on special devices roe 6-

Lng TV images in tape, on magnetic recording devices with reat stability of the

rate of motion of the magnetic tape, on sklatrons (OY with long lasting preserve

ation of Image on the screen) and on open recorders with image regidtration on

eleotro-cheocal paper. Data obtained frn all form of rogistatioswere used in

studying the invisible part of the Moos

Vith the aid of a radio-T' appeartuonearried on board the automatic latero

planetary station, transmission of images was realized at various diatanees all

the way to a ditance of 470 thousand k. %is gave experimental confirmation of
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the poasibility of transmitting in comic sase over ultra-remote distanesa semitone

Lampe of high definition without substatial specif ic distortions In the I'ocesa

of vadio wave propaption,

Power supply for the equipment an board the interplanetary staticn was furis

nished from autonomeas units of chemical current sources and from a central power

system. In this system. was included a solar battery* individual sections of which

were situated an the outer surface of the interplanetary statics, and a chemical

buffer battery. The power output of the buffer battery during operation of board

equipment was ompensated by the ener.' coming from the solar battery* Powakto

board equipment was delivered through transformers and stabilizers*

The autonatic toMerature control system maintained stable temperature in tUe

interplanetary staticng securing heat transfer, of heat emitted by instrumeints,

throughk a special radiation surface into the surrounding comic sase *To control

heat transfer on the outside of the station body were Installed lon'vers~opening

the radiation s~face upon. a teMperatures rise In the station to above + 25009

Flight of Autoistic Interplanetary Station

The operational characteristics of the orientation systemn and the conditions

of radio comiclatiom, with the automatic interplanetary station required the

Selestion, at a proper flight trajectory, satisfying a series of specifie requirements.

For norml operation of the orientation system 0as already mentioned, It wae

necessary, tat at the smaxt It beon functioning the Ihona~taties and ams were

situated apprxmimtely on mue straight line, with the statios at that tim at a

definite distanee from the Noon,

In connection with the larger volums of inforsiaticagiransmitted from board the

interplanetary station to the brths the flight trajectory had to sake It possible

for Sroud receiving points, uitusted on the territory of the WS~to obtain a



mexinum amount of informtion already during the first tun and$ particularly, at

short distances From the surface of the Earth.

It was also highly desirable for scientific investigation purposes to obtain

a trajectory securing the movement of the interplanetary station In cosmos for quite

a longer period ef time

As shown by investigations, the requirements can be best not when the pevita.

tional effect of the Moom is used for the foaytion of an orbito A oonsiderable

of'fpt of the Moon on the movement of the interplanetary station can be attained

only in the case when the attraction of the Moon is ai.fficiently high, Le, when

the station coma quite close to the Moon. To attain a given change in orbital

characteristics the station must approach from a definite aide of the NOon.

To fly around the Moon and return to Earth the velocity at the end of separation

section should be somewhat lover than local parabolical velocity. In this case the

flight around the Moon can be carried out at various trajectoris.

If the flUght trajectory passes at distance& of several tens of thouands of

kilometers from the Moon then the effect of the Moon is relatively low and the

movement of the station relative to the Earth will follow a trajectory close to an

ellipse with focus in the center of the Earth. But such trajectories for distaw$

flight around the Noon have a number of serious shertcomingso First of allewhm

flying at geater distanco from the Noon it becomes impossible to directly LnvesJ

tigate cosic space in surruundings near it. On the other hand, when launching a

rocket from the northern hemisphere of the Erth, the return to Earth is from the

side of the southern hemispherosich hampers the observations and reception of

scientific inforation by stations situated in the northern hmaisphereo Movememt

near the Earth during return Is outside of the vis bility ranges of the northern

hemisphere, and that is why radio comasi oatloa with station travelling near the
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Barth cannot be brought into realization* And finally, thirdly, When coming beck

to hkrth over such a trajectory the rcrket enters the dense layers of the a-

mosphere and burns up. It flight is thus terminated after the first turn.

Using,for the fornation of an interplanetary station orbit, the directed effect

of lJ ar gravitation, when the station passes close to the Moonoill allow to

attain an orbitvoid of sh tcomings inhereat of trajeotories for distant flight.

The flight trajectory of the autintic interplanetary station passed at a

dMteh~s of 7900 ki from the center of the Moon and was selected with such oonsid-

oration that at the moment of mximm nearness (approach) the station woulA be

to the soath of the Moono B eoause of lunar gravitation the trajectory of the an-

tonatic station in conformity with calculation would bear nortbard. This deviation

was so essential that the return to Earth took place from the side of the nothea

hemispheeo When the station cams close to the Mooa the naximm altitude of the

station above the horlso for observation pointsesituated in the northern hemi-

sphere increased from day to day (diurnal period to diurnal period). There was also

a correspoding Increase in the tim intervals ,during which it became possible

to attain direct oo mnicatioa with the station. When approaching the Barth the

utooiatic station could be observed in the northern hoadpher as a nonsetting stoa .

DWring return to arth dutring first turn the station did not enter the atmosphere

and did not disintegrate, but travelled at a distance of 75 thousand ka from the

centor of the 1hrth.moving along an extended orbitclose in forn to elliptical

Maxims distance between station and Earth was 80 thoumsnd kM (fig.108).

Flight of the interplanetary station close to Barth during the first

turam took place at greater disames from its surfasowhee deoeleration an accoot

of atmospheric resistene was pra ctreally ailo If the movesent would have

taken plao only under the effect of the pevitational force of the Earth, the



automatic station would have become a satellite of the Borth with unlimitedly greater

life expectancy.

The fact is that the tim Of station's movement to limited as result of the

disturbing effect of solar gravitation which produces a systematic reduction in the

altitude of orbital perigee Consequently, having complted a sertain nuer %,

turns, the station during alternate return to Barth will enter the dense layers of

the atmosphere and eancel opt Its existenes

The magnitude of altitude reduction of the perigee per one rotation depends

first of all upon the altitude of the *popee and can rise sharply during increase

of some When selecting the trajectory of an interplanetary station It was necessary

to tend that the altitude of the apogee should be possible lower and not by much

excesed the distance from Barth to the Moon* It mw also necessary to secure suffi.

ciently greater altitude of the perigee during the first round trip -f the station

around the larth. Upon the degree of fulfilling beth these requirements depends the

total number of larns of the automatic station around the Barthk and the time of Its

existence.

The influence of the Moon Is not limited byv this offect~which it produces In

the period of first approach. Disturbances In the orbit of the statics due to Iuner

attraction. are not of such regular nature as are the disturbanans due to solar attrac-

tion, and depend to a large extent upon the period of rotation of the station around

the Bsrth. ?be influence of the Moon can become substantial If during any of the

following turns thes trajectory of the automatic station will apein pass quite

close to the Moon. The nature of the station's movement can change here considerably.

If the Interplanetary statics will pass around the Mom from southern direction~i.e.

the approach will be of the ver um type as the first one, then there will be a

shap increase in tUP number of turs and in the life span of the ststioa~by
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preserving the basic property of its trajectory- approaching the Keith from direction

of northern hemispheres If the pass will be made from the northern side then the

altitude of the orbital perigee decreasee, and in the ecase of a sufficiently strong

disturbanees the station my enter the terrestrial atmsphere during its next

return to it*

On these orbital loopswhere there is no sufficiently close approach to the

Noon, the Moon nevertheless exerts a certain Influence on the moveneo$ of the sta-

tion. In spite of the fact that lunar attraction is very small in this casebut

acting against a considerable number of trajectory loops, the attraction of the

Noon exerts a noticeable Influence on the movement of the autmtic etationoauaing

a reduction in the altitude of the periee and cutting the time of station0•

existence in the orbit.

The chart showing the movement of the autoatic interplanetary station under

the Influence of eimaltaneously acting gavitational forces of the Zarth,Moon and

Sun is a highly complex one. The determinant facter for the entire movement of the

interplanetary station 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 separtion sectio, then the realization of the above

described trajectory of the station is possible only with an extremely accurate

control system of the carrier rocket.

It can be inagined that through the center of the Noon perpendicular with lKrth.

Moon line runs a plameowhich we will ca1 the chart plane. The features of trajecte-

ry passing relative to the Noon can be characterizd by the position of the point

of intersection between trajectory and pictorial plane.



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 Pion. 3- Plane of AIS trajectory prior to rounding Moon;
4- Position of Moon at the moment of rounding; 5- plane of lunar orbit; 6-
position of Moon at the m'oment of rocket starting.

Fig. 109. Fltight trajectori of AIS_. View from the side of Spring equinox
&qpt I-plane of lunar orbit; 2- axis of Earth's rotatir-3--Equator;
4- Earth; S- /JVq
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Fig. 110. Flight trajeotory of AIS. Projection on the
plane of terrestrial equator

1- Direction of solar rays during the photographing; 2- photographing
reverse side of Moon; 3- orbit of Moon; 4- position of AIS and Moon o
at zero hours universal time (3 o'clock Moscow time) during each diurnal
period from starting moment to 11-1-19591 5- direction toward point of
spring equinox; 6- Earth.
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Calculations show that during deviation of the intersecting point between

trajectory and pictorial plane from the nominal (rate ) position by 1000 km the

miniman distance between Barth and station at the end of the first round my change

by 5 -, 10 thousand ka, and the time of returning to bhrth- by 10.14 hourse

Requirements for the accuracy at terminal point remin so rigid as in the came

of striking. This is basically connecte with the fact that errors in the velocity

magnitude toward the end of termivation point in the case of an elliptical round

flight trajectory cause deviatiozs in the intersecting point between trajectory

and pictorial plane Wh~.h are 3.4 time greater then in the case of a hyperbolic

trajectory~vbich are advisable to use during striking.

The disturbin~g effect of the Moon when passing e1ose to it intensifies the

influence of deviations of movement parameters at the end of the orbiting section

on the mature of station's movement durine 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 to Earth*

The trajectory of motion of the AIS is shown in fig.109-ll.

On October 5, 1959 at 20 bra Moscow time the station was away at a dietasee of

284 thousand km from the Barth. At 16 brss16 min on October 6 it was at the shortest

distance from the Moo~equalling 7900 kn.

The AIS coordinates during its further movement are given in table 29*

Data concerning the position of ship (AIS) during photopaphingsostablished as

result of processing trajectory measuremntsgdata necessary for tying down the,

detected objects on the invisible side of the Moo,to the selenogrphie to the coordinate

grid are list ed4 in table 30e
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1,iZ1ll~projection of orbit of A3:S an Earth

Table 29,coovdinstoo of AIS durin its MOvement a**-- gpoUl 0l0s0 to the MRSm
Date Distance from Earth Inc lination 0 Direct ascent

7/X-59 g.20oh. oni 417 36'l- 16h32'
8/X-59 g.2Ooh. 448 -6048' 16h36'
9/X-59 g.2Ooh. 466 -2036, lth4O
10/X-59 g.2Ooh. 470 1*23' 16h44'
13/X-59 g..2Ooh. 430 13*541 16h55'
16/X-59 g.20oh 267 34053' 16h15'
18/X-59 g.2Ooh. 40

Thble 30,Coordinaton of AIS when photographing the Moon

Date M)oscow jDi stance frcoi Seleno~aghio wrjeotion
jtim jcenter of Noon ylatit f longit

Beginning of photo
graphing 7/X-1959 6h30' 65 200 16,t90 117,60
Comleted. photo
araphift 7/X-1959 7h10' 68 400 17,3Q 117,1'

Processing of trajectory maurements allowed to establish that the £18 couplet

ed In orbit about 11 tripe around thoo Ear'ths
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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-comet method developed by Soviet scientists. This

method utilises the phenomenon of the artificial radiation by certain gases of

individual spectral lines and bands (characteristic of the given gas). This

phenomenon is called resonance fluorescence. As caluolations have shown,

sodium is the most favorable element for creating an artificial comet.

A sodium cloud which scatters 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 wavelengthA - 0.589 ,4 (the yellowish-orange region of the

spectrum). This makes it possible, using suitable 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 rockets. Since it is an absolute

optical method for observing the movement of objects in space, the sodium oemet

makes it possible to determine the thickness of the medium in which the arti-

ficial comet 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 (f) and the number of collisions (n) in time ts

4, (4.8)

Noting that n v vt// (where v is the mean particle velovity), we haves

S(4.9)

The value 3vX is determined directly from observation data, and 0.85 o 1011
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om2/seo For sodium atoms at a termperature of 16000 we have

v - 1.5 0o5 om/seo.

Thus we get/u 1.7 a 106. But, on the other hand,

.-(4.10)
"Qd I

where n1 is the conoentration of atmospheric atoms; and Qd is the effective

cross section of diffusion. Taking Ad - 3.85 * 10-15 C/om3, with an accuracy

to 20-30%, we get 11 (4.11)

Figure 116. Various Stap in the Formation of a Sodium Cloud at 4,0)
Kilometers.
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Considering that the oomposition of the atmosphere to 500 km is basioally nitro-

* gen and oxygen, we get for the density at 430 km,

1 p 1- P,7. (4.12)

A more aoourate quantitative oaloulation, based on solution of the differential

diffusion equation, gives the following valuest
i, 2,5. 101 cu3 ,
p0 = 6,7. 10-'13 . " (4.13)

The errors in these measurements are'no more than 30%.

4,
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Manometer Measurements of Density and Pressure

In addition to determining the oharaoteristios of the upper atmosphere by

study of the deoeleration of satellites, the diffusion of sodium vapor (artifi-

cial ocomet), and observations of the radio signals from satellites, the third

Soviet artificial satellite was equipped to take direct measurements of pres-

sure and density at various heights using ionization and magnetio eleotrio-

discharge manometers. The experijental method was the same as dcsoribed in

Chapter II. Figures 117 and 118 show the apparatus aboard the third satellite

for measuring pressure.

The magnetio eleotrio-disoharge 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- 7 to 10- 9 -m Hg.

Figure 117. Magnetic Manometer. Figure 118. Ionization Manometers.
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To avoid the influence of ionospheric ions and electrons on the measure-

- ment results, the ionization manometers were equipped with special shields and

traps. All manometers have avaouated and sealed flasks which are opened by

special mechanisms after the satellite has been ejected 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 theoretical and laboratory investigations were conducted dur-

ing the preparation of the experiment. Much attention was devoted to determin-

ing the gas release of the satellite; this was done by measuring the duration

of the degasifioation 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 which 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

velocity, 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 aerodynamios

(See Appendix 4). The pressure P1 measured by the manometer is associated with

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

A' : - .), (4.14)

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

V is the velocity of tLe satellite; 0 is the angle between the velocity vector



of the satellite and the plane of the manometer aperture; T1 is the temperature

p of the manometer wall.

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

atmosphere s

H (4.15)

where N" and N' is the oonoentration of partioles in a unit volume of the atmos-

phere at two points, one 10 ka above the other.

We then oaloulated temperature 's

T. R(4.16)

and external pressure Ps

P =NT (4.17)

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

Analysis of the obtained data, with oertain assumptions regarding the mean

moleoular weight M, made it possible to oonstruot a oross seotion of the atmos-

phere for 225-500 km; the struotural parameters of this atmosphere are given

in Table 32.

The measurements were made for various times on May 16, 1958 (1300-1900

hre looal time) and for various geographio latitudes (570N - 650N).

The data in Table 32 are in good agreement with the density values ob-

tained from the deoeleration of satellites, the diffusion of sodium vapor, and

the results of radio observations of satellites.

Figure 119 gives the results of density measurements using all the indi-

cated methods.

Information on the density of the upper atmosphere (k - 3 • 10- 13 z.cm" 3 at

225 km), obtained from the deoeleration of the first artifioial earth satellite

and from the diffusion method (j - 6.7 " 10- 15 g.om- 3 at 430 km), has oaused

an essential change in our concepts 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 Pasamters of the Atosphere at 22..500 u Llttidoe

225 fl,W .10 2 ,12 . 10-i 40,0 036 7,76.10-4  6,25.10--

"10 5,31 1,70 40,6 938 6,88 5, ,'

2:5 4,7 1,7 41,3 041 6,t

211O 4,17 1,42 42,0 946 5,44 4,4

245 3,71 1,25 42,8 952 4,88

250 :,3 , 1 43,5 958 4,36 3,5,

".5 2,94 9,73. I0-4  44,3 961 3,91 3,17

2610 2,4f,,16 ,5,2 971 3,54 2,:,

2115 2,361 7,77 it0,0 979 3,19 2,C

'!70 2,12 .,xS:l 47,0 987 2,89 2,35

275 1,91 6;,1 47,9 99G 2,63 2, ti

280 1,72 5,,4, 48,8 1005 2,39 1,95

285 1,55 .4 ,87 49,7 1015 2,17 1,78

200 1,4 4,:w 50,7 1026 1,98 1,62

295 1l27 3,93 51,7 1037 1,82 1,49

300 1,15 3,53 52,7 1048 1,66 1,37

305 1,07 3,26 53,7 1059 1,56 1,29

310 9,57.108 2,9 54,5 1072 1,42 1,17,

315 8,73 2,63 55,9 1084 1,31 1,003

320 7,08 2,39 57,0 1007 1,21 1,0

325 7,31 2,17 58,1 1110 1,12 9,28. 10 a

330 6,7 1,98 59,2 1124 I,m 8,;2
1,5 6, 17 1,82 S0,3 11:18 9,G9.10 -s  S,of,

340 5,18 1,61 61,5 1153 9,01 7,:..!
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Table 32 (oant.)

',' 5,2 1,52 62,8 11 9 ,O,90 7,46
S. I2 1,4 61,8 1185 7,88 0,58

5 OI, 1,20 65,2 1200 7,39 (,18
:1,;;) 4,11 1,19 60,7 1219 6,95 5,,82
: , 5 6 :,I 68,1. 12:17 6,59 :.'
3;; 3,51A 1,02 G9,5 1257 6,18 5,19
375 3,11 9, . -10 t  70,9 1276 5,83 1,9
:; 1) 3,03 3,72 72,4 1295 5,51 4,64
:!X5 2,92 8,21 73,9 1305 5,20 1 ,'.4
:! 10 2,P9 7,50 75,2 1335 4,96 4,19
1 95 2,52 7,07 76,7 1353 4,71 3,98
•11.10 2,8. 6,6 78,9 1373 4,47 3,79
•05 2,21 6,10 79,7 1393 4,25 3,6
410 2 ,) 5,78 81,2 1417 4,07 3,46
,15 1,95 5,11 S2,9 1I110 3,83 3,3

,. IM' 0: "",6 1465 3,72 3,17
1'15 1,7,; 1,79 9,3 141;9 3,56 3,0
/,0 I ,611 .4,51 83, 1 1.514 3,43 2,93
5,5 I,h;5 A, 25 90,0 1539 3,20 2,82

440 1,47 4,(3 91,7 1363 3,17 2,72
415 I,:;; 3,8 93,6 1539 3,05 2,62
li-0 1,;2 3,6 95,5 1614 2,04 2,53
455 1,25 3. 98,0 163 2,84 2,44
410 1,19 3,23 99,9 1675 2,75 2,37
465 1,13 3,00 102,0 1709 2,66 2,3
470 1,01 2,92 101,5 1745 2,6 2,25

475 1,03 2,70 107,0 1781 2,53 2,19
4'') 9 ,S2.10' 2,65 109,3 1810 2,45 2,13
IS5 o9, 2,53 111,5 18-.5 2,39 2,08
'1940 8,97 2,42 113,9 1880 2,33 2,02
,!)5 8,61 2,31 116,5 1917 2,28 1,08
5uo 8,24 2,21 119,0 1953 2,22 1 ,91
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is greater turing 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 conolusions only regarding the diurnal regime, as yet.

The observed great deceleration of satellites can be explained by the fact that

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

"rooket models".

ttOS-'V J:4 -

-- -. -- ---

Figzre 119. Results of Density Determination Using Various Methodes
1) tird satellite (manometers)! 2) satellite deoaleration (Soviet
studies); 3) sodium aloud (high altitude rocket); 4) first satellite
(radio observations); 5) satellite deceleration (American studies).

This viewpoint in 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 eartht this indi-

oaten a decrease in molecular weight N due to molecular dissociation, and a

gradual increae in the teperature of the atmosphere. At 225-500 km the temp-

erature was 1200-20006K.
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Mae-Spectrometer Measurements of the Ion Composition of the UDDer
Atmoehere,

To measure the ion composition of the ionosphere the third Soviet satellite

contained a radio-frequenoy mass-speotrometer, the principle of which has been

covered in Chapter II. The mass-speotrometer was designed to record ions with

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

Figure 120. Radio-Frequenoy Mass-Speotrometer.

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 27-650. The data obtained were for the

daytime hours (0700-1100 hre Moscow time). The mass number M of the peak was

determined from the formula
• ~ V ( *+ (

Al {(-.,,oV22qk/' (4.18)

where V* is the value of the scan voltage at the moment of the peak;f is the

negative potential of the satellite; k is the instrument constant; mo is the

mass of a hydrogen atom; S is the ion charge; and V is the satellite velocity.

The main difficulty in decoding the data is in separating the basic (true)

ion masses from the harmonic (false) masses. The data showd that at 225-980 km

ff the most intense ion is the peak with mass number 16, i. e.9 an ion of atomic

ojogen 0* The second most intense ion is that with a mass number of 14, i. e.p
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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 nitrio

oxide ion NO*. Peaks with mass numbers 32 and 28 are ions of moleoular oxy-

gen 0 and molecular nitrogen N+. If we oompare the intensity of all mass ions2
with that of an ion of atomio oxygeng the pioture is as follow.r

The ratio JNJ~O+ at 230-650 km varies from 1.3 to 8-10%, depending on

height and geographic latitude (Figures 121 and 122); the ratio of the inten-

sities 3o+/J 0+ in the southern latitudes varies from 2.5 to 8% at 250-230 km
2

(to the perigee), while in the northern latitudes the peak of ions of moleou-

lar oxygen can be traced to 400 km; the ratio at these heights J0+/J0+/VO.1% !
2

at 400-500 km the ratios Jo + and J /J0 are praotically identioal, 0.2-1%.

Above km no molecular ions can be found, and the ionosphere becomes purely

atomio, with an accuracy to 0.1%, an oxygen-nitrogen atmosphere.

Cz

4.0

3-. 4D
'*4

434.

0 Height Latitude, N

Figure 121. Change of the Relative Figure 122. Change of the Relative
Intensit ..of the Ion Peaks of Atom- Intensity of the Ion Peaks of Atom-
ic NiVN9gias a Function of Height, ic Nitrogen ve. Geographic Latitude,
from the Data of Two Orbits on from the Data of Two Orbits on
23 MW 1958. 23 May 1958.

Up to 250 kism the most wide-spread ions are NO+ ions which formp accord-

ing to available informationg as a result of the reaction of oxgen ions with
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neutral moleoules of nitrogen, or as the reult of the rcaotion of oxygen atoms

with ionized nitrogen moleoules. 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 prooesses of ionization balanoe in the atmos-

phere. Another interesting fact is the noticeable oonoentration of 0+ ions

at heights of the order of 1000 kim. Hydrogen is not the basic (predominant)

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

ooncepts.

(

113



IIVESTIOATION OF TE 1IONOSPRERE

A study of the propagation of radio waves in the ionosphere,
the extent of their abosrption and determination of ionisa-
tion of the upper atmosphere.

Extensive materials with reoordings of radio signals from artificial

earth satellites have been accumulated. 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 oonneotion'we can point out one interesting

phenomenon which was known earlierp but which was especially manifested clear-

ly during observation of the signals of the Soviet artificial earth satellites.

This phenomenon in called the antipodal effect and consists in the following$

the power of the received signal increases at a point located at the antipode

of the transmitting station. From the recordings of the results of the reoep-

tion of radio signals of the first satellite in the Antarbtio, in the village

of Mirnyy, we see (Figure 123) how the radio signals of the satellite were

received on a frequency of 20 Mo when it was in the region of Mirnyy and at

the antipode to it. Suoh oases, when over a long period of time favorable con-

ditions are realised in the ionosphere for "run-off" of radio waves to the

diametrically 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 signifioanoe. The results of measuring

the field strength of the radio signals permits us to estimate the absorption

of radio waves in the ionospherev including those regions which lie above the

main maximum of ionisation of the ionosphere of the F-2 layer and therefore

are inaccessible to ordinary measurements oonduozed on the earth's surface.
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These ueasurements also permit us to judge the possible pathways for the prop&-

gation of radio waves in the ionosphere. The results of receiving the satel-

lite's signals and the measurements of their levels show that these signals on

the 15-M wave were received over very great distanoes, far exceeding the dis-

tanoes of straight visibility. These distances reached 10, 12 and 15 and some-

times more thousands of kilometers.

Of especial interest is that a satellite completing motion about an ellip-

tic orbit, occupies a different position relative to the main P2 maximum. When

processing the material on radio observations we must take into consideration

whether the satellite at a given instant of time is above or below the true

height of the P2 maximum which is obtained on the basis of the high-frequenoy

characteristics of the ionosphere recorded by the ionospheric stations. If in

the Southern Hemisphere the satellite moves above the P2 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

create a great diversity in the pathways of propagating short radio waves over

considerable distances.

We have already spoken above about the antipodal effect 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 ionosphere with subsequent single reflection from the ionosphere in

those regions where the critical frequencies are sufficiently great. In other

cases the radio waves striking at a certain angle from above upon the ionosphere

undergo an appreciable refraction and thus penetrate the region lying beyond

the limits of geometric straight visibility.

A satellite position close to the region of maximum atmospheric ionisa-

tion creates especially favorable conditions for propagation of radio waves by

ionospheric wave guides. In certain oases the radio waves arrived at the re-

oeiving point, not over extreme distanoes, but by short-cutting the earth over
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Figur'e 123. R~oozding of Radio Signals when Satellite is at Antipode,
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a loner aro of the great oirole. In individual oases we observed the phenom-

enon of around-the-world eoho of radio waves. In some oases the measured

values of the field strength proved to be larger than those oaloulated by the

law of inverse proportionality of the first power of distanoep whioh also pro-

olaims the preuenoe of ohannel wave guides in the ionosphere.

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

propagation, their refleotion, partial or oomplete absorption - are determined

by the oonditions of the ionosphere and, in partioular, by the value of the eleo-

tron oonoentration whioh is one of the main parameters of the ionosphere.

Until reoently the electron conoentration was measured mainly within

heights up to 300 km, i. e., below the principal maximum of the P2 layer. The

greatest value of the eleotron oonoentration, deteoted in the middle latitudes,

reaohed 2-3 million electrons per I om3. In addition, the electron oonoentrat-

ion increases with heights 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 ionospherio layers lying above the

ionisation maximum. The observation method of "radio rising" and "radio set-

ting" of the satellite was used to study the distribution of the electron con-

oentration with height. This method of radio observation oonsists 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 (curves 1,2,3). We assume that the

satellite emitting radio waves of frequenoy 6J pass over the observation point

above the principal maximum of the electron ooncentration of the ionosphere

the critical frequency of which fo is determined f rom, the relations

..- (2 -) i ,i-N ',18 O¥, (4.19)

If( U .WWe then the prop& atin of radio waves close to the optical and the
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orrespontiig trajectories are straight lines 1' 2', 3'; as is well known

the visible optic "setting" or "rising" is oharaoterised by the fact that a

light ray ooming from the observed body is straightp tangent to the observation

point.

I- satellite
2- optical setting
3- radio setting
4- max. horisontal range of

receiving satellite signals

, .

Figure 124. Trajeotor7 of Radio Waves in the Ionosphere between the
Satellite and the Observation Point.

If the value ofC& is not very large, then owing to the curve of the tra-

jeotory of the wave in the ionosphere, the radio beam is not a straight line

(curve 3). Therefore, the "radio setting" occurs later than the optioal, and

the "radio rising", oonverselyp is earlier than the optical. Knowing now the

height of the satellite and the condition of the ionosphere up to its main

maximum from the data of the ground ionosphere stations, we can calculate the

electron concentration above the main maximum of the ionosphere. The method

indicated 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 concentration up to a height of 600-650 ke was obtained. The electron
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oomoeatration in the outer ionosphere deoreases 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 particle. (n). If we assume that for

h ; 400 km the life Te of a free electron reaches 105 - to6 see, then under

quasi-stationary conditions, the ratio n/N has the value-rn/T,. where 'rn is

the tiam between the individual acts of ionisation. Hence

Table 33

Value of Eleotron Concentration and Density of Neutral Particles

Obtained fim the Reoortings of Radio Sinals

Height Z9 Electron Density of neutral

-b cone N, ca3 particles n in ca 3

20 ) 1U_
32(0 1,3.100 -

i00 1,4. i0' o. I)lo
NO 7. I0' I0

I I-0) I 1' oI
10i) I -lt 2-103

:!501.101 20
:I- I. I0< 1

The results of the calculations are shown in Table 33 and in Figure 125

(the values of n and N above 650 ka were obtained by extrapolation).

'Results ob &Wed f rom
first sat to
I

height Z, = _

Electron concentration N, electron/m

Pigure 125. Curve of the Dependence of Electron Concentration of Iono-
f' sphere on Height above Barth's Surfaoe.
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DeUerLuation of Concentration of Positive Ions in Upper Atmosphere.

Along with using radio methods, an experiment was set up on the third

Soviet artifioial satellite for the direot measurement of the conoentration

of positive ions up to heights of 900-1000 km. For this purpose a special de-

vics was installed on the satellite having two ion traps (Figure 126). The

prinoiple of the operation of uuoh a device is cited in Chapter 2. Along with

the concentration of positive ions, it permitted the determination of the

potential of the satellite relative to the ambient medium. In the sections 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 can apparently be interpreted

as the result of the effect on it of fast electrons whose energy considerably

exceeds the average energ of the atmospheric particles.

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

As a result of treating the material obtainedg graphs were plotted of

the variations in concentrations of positive ions based on the orbital loops.

The over-all view of the curves obtained bw different methods has the

same character to heights of 660 t 760o, 800 and 900 km over the earth's surface.

Of greatest interest in the curve which shows the variation of the ion

concentration up to 1000 km (Figure 127).
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height, i

Number of electronM or poaxuive

ions per 1 €M.

Figure 127. Curves of the Variation of Eleotron Conoentration
Obtained by Different Methods: 1) first satellite, 5-8 Oct 1957,
7 hr 40 mi - 9 hr 40 min (radio sisnals); 2) third satellite,
19 May 1958, 11 hr 00 min (ion trap); 3) high altitude rooket,
21 Feb 1958, 11 hr 40 min (radio inteferometer).

Starting at 850 kn and higher we noted a oonsiderable slowing down of the

drop in the oonoentration of poitive iou with height. The oonoentration of

positive ions at 980 km is 6 • 104 ions/om3 provided that the ions are those of

atomic oxygen. This assumption is experimentally oonfirmed by measurement of

the ion composition at these heights.

We oan assert with complete confidenoe that the oonoentration of about

3.6 • 103 ions/om3 is the lower limit of the oonoentration of positive ions at

a height of about 1000 km.

Detection of Electrons with an Anerti of about 10 key in the Upper
Atmosphere.

One of the factors of additional lonisation of the atmosphere are the

corpusoular streams moving from the sun - fast protons, 4( -particles, eleo-

trons, etc. These corpusoular 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 magnetio field on them.
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Whoa the intense oorpusoular streams penetrate the upper layers of the

atmosphere thern usually take plaoe the phenomena of polar auroras, the obser-

vations of which have served until recently as the main method of iivestigating

oorpusiular radiation. The data obtained as a result of analysing the speotra

of polar auroras permitted us to make the assumption that in the upper atmos-

phere, owing to the variable magnetio fields generated by the interplanetary

medium and by the solar oorpusoular streams, there oan be an aoceleration of

atmospheric electrons to an energ exceeding the energy of the electrons in the

solar oorpusoular streams. However, the oonstant presence of not especially

hard oorpuscles - electrons even over the low latitudes was not assumed and

was associated only with corpusoular outbreaks in the zone of polar auroras.

An experiment was set up on the third Soviet satellite for the direct

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-

oent screen and photomultiplier (Figure 128). The operating principle of this

device was cited in Chapter I. The thin fluorescent screens of zinc sulfide

activated by silver containing 2 mg/om2 of the substance 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 key, alum-

inum foil sheets, containing 0.4 and 0.8 mg of the substance per 1 cm2 , were

placed in front of the screen.

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

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

heights 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, considerably increased with height and over high geomagnetio latitudes.

The least intensity was recorded over the geomagnetio equator. The electrons

U deteoted, as a rule, were moving close to directions perpendicular to the mag-

netio lines of force. The current densities developed by the electron streams
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in direotions perpendioular to the magnetic lines of foroe were in most oases

an order greater than in a direction along and opposite to the magnetic lines

of force. The current density towards the earth is apparently somewhat greater

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

The energy flux of not especially hard eleotrons 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 surfaoe. When it exoeeds the soale of the

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

radiation.

Figure 128. Devioe for Investigating Corpusoular Radiation.

The electrone, thus reoorded, oould not be direotly by solar oorpusoles

sinoe their velocity greatly exoeeds the velocity of the motion of solar oor-

pusolee determined from the observations of polar auroras. They most probably

can be relegated to atmospherio electrons accelerated in the outer atmosphere

due to the variable geomagnetio fields.

The new phenomenon deteoted in of great interest from the point of view

of the physics of the upper atmosphere. It oan explain a number of anomalies

in the ionosphere and be an additional source of heating of the upper atmosphere

over the polar regions.
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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 to 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 oharaoterizes the axial direction of the
sensor with the magnetio lines of force.
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Figure 130. Irradiation intensity of the recorder with foil 0.8 mg/om
2

by particles relative to the orientation of the sensor with respect to
the magnetic lines of foroe (the intensity in conventional units is
laid out along the radius).
a) sensor recording the corpusoular stream coming along the lines of
force toward the earth; b) sensor recording the oorpuscular stream
coming along the lines of force from thee.arth.
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A Study of Radiation Near the Earth and in Cosmio Spaoe.

The second and third Soviet artifioial earth satellites, the cosmic ship-

satellites, and cosmic rockets were equipped with apparatus for studying the

radiation near the earth and in cosmic space (Figures 131-133). The principles

of construction of this apparatus are given in Chapter II.

The measurements on the seoond sputnik were made with the aid of oharged-

particle counters.

The quantity of matter surrounding the counters amounted, on the average,

2to 10 g/o .

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 direct windings was 225-240 km, while on inverse windings it

increased from 350 to 700 km, as the latitude decreased from 650 to 400 North

Latitude. The measurements of these altitudes made it possible to ascertain

(i the dependence of the intensity of the primary cosmic radiation on the altitude

and on the geographic latitude and longitude.

Figure 134 shows the dependence of altitude of the ratio between the oos-

mio-ray intensity on inverse windings and the intensity on direct windings in

one and the same geographic points. From the diagram it is clear that at medi-

um latitudes, as the altitude changes from 225 to 700 km, the cosmic-radiation

intensity increases approximately 404. This situation can be interpreted in

various ways. It may be that the increase in intensity is due to a decrease

in the shielding action of the earth and the effect of its magnetic field, which

prevents cosmic radiation from penetrating to the earth. Nor is it impossible

that the increase in the cosmic-radiation intensity in related to the beginning

of penetration into the radiation sone.

Measurements of cosmio-ray intensity with respect to latitudes are ofU
great interest in view of the fact that they enable us to obtain new data
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Figure 131. Cosmijo-Rhy Counter Installed on the Tehid Sputnik

Figure 32. Coujo-Ba Countr Instlled o e TidSpti

* Figure 133. Luminescence Counter Installed on the Third Counter
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Figure 134. The Dependenoe on Altitude of the Ratio Between
the Cosmio-Ray Intensities.on Direot and Inverse Winding.
a) the ratio between the intensity at altitude H and the
intensity at the*4ltitude 225 km.
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Figure 135. Reoording of High Intensity at High Latitudes
on the Secoond Artifioial Satellite, November 7 1957
a) counting rate, pulse/seo; b) Mosoow time; o5 North
Latitude.
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Pigure 136. Charaoteristio Reoording of the Counting Inten-
sity and the Ionization Aooording to the Data of a Lumin-
esoenoe Counter 19 MAY 1958.
1) ionization aoording to measurements of dynode ourrent;
2 ionization aoording to measurements of plate current;
3 oounting Intensity t (

energy release, 109 ev/seo; b) pulse/go; ) time (osoow)
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concerning the earth's magnetic field at great distances from the surface of

the earth.

The lines of constant cosmic-radiation intensity (isoosms) plotted from

the measurements on the second sputnik failed to ooinoide with the geomagnetio

parallels. This attests to the fact that the characteristics of the magnetic

field at high altitudes differ from those obtained on the basis of magnetic

measurements on the surface of the earth.

The measurements on the second sputnik recorded short-period variations

(fluctuations) in cosmic-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-radiation 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 cosmic ravs, 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 cylindrical crystal of sodium iodide and a

photomultiplier with a photocathode. This device was used to measures

the event-counting rate, when the pulse corresponded to an energ release

in thecfqstal of more than 35 key;

the plate current of the photomultiplier;

the current of the intermediate dynode.

The last two parameters characterise the total energy release in the crys-

tal per unit time, which makes it possible to determine the total ionisation

in the crystal. The operation of this counter and its circuitry are described

(" in Chapter II.
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The mesurement data from the luminescence oounter were transmitted to

earth by means of a 'Mayak" radio transmitter on a frequency of 20 Mo; this

transmitter operated uninterruptedly during the flying time of the sputnik.

The "Mayak" transmitter transmitted information by ohanging the length of the

telegraph pulses, the configuration of which is shown in Figure 83.

From the readings of the counter it was established that in all oases with-

oit exoeption, 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, which is created by eleo-

trons bombarding the housing of the sputnik. The energy of these electrons

is about 100 key, or less, while their flux has a value of 103-104 partioles/

cm * sea * ster,

Figure 136 shows a characteristic recording of the counting intensity and

the ionization. The lower represents the counting rate, while the upper curves

( represent the ionization according to measurements of the dynode and plate our-

rents. The results of the measurements indicate that the recorded ionization

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 ourrents, the differ-

ence in the measurements of which is not great.

Figure 137 shows a geographical map, on which the places where the sputn'ik

enters the zone of high intensity are indicated by dots, while the places

where the sputnik emerges from this zone are indicated by crosses. The dashed

line indicates the geomagnetio parallel. As can be seen from the diagram, the

zone of high intensity is not symmetrical with respect to the magnetio pole.

In the tests we are describing it was also established that the radiation

intensity increases with altitude. This fact indicates that in the zone of

polar auroras there occurs an aooumulation of charged partioles, which osoil-

, 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 zonet whioh is called the outer

radiation belt around the earth. From this it follows that the earth's mag-

netio field is for low-energy charged particles a unique trap, in which the

particles can move along practioally closed trajectories for a very lone time.

60 jo ;,0 0 o 700 '1U / J04

' +

44 . + +

\20' ". 7"--.L _-. "b

,'<. - i"- -- . . . i - I

Figure 137. Map Showing the Places where the Third Sputnik Entered
(dots) and merged from (crosses) the Outer Zone on the Low-Latitude
Side.

"" /:": " ("\'. , " ' .I,,,.

Figure 138. Configuration of the High-Radiation Zones Surrounding
the Barth, Solid Line is the Trajetory of Motion of the Cosmic
Rooket.
a) outer sone; b) inner sone

The conditions for accumulation of particles 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. Charateristio Reoorting Made by a Luminesoenoe Counter
in the Southern Hemisphere.
a) er/sea

In addition to the outer radiation sons around the earth there exists an

inner radiation sons, looated in the region of the equator at an altitude of

1000-2000 ikn (Figure 138).

Detailed data oonoerning this zone were obtained with the aid of the third

sputnik. In Figure 139 we have reproduoed one of the reoordings of readings

of the counter; it was obtained in the Southern Hemisphere at the altitudes

1600-1100 km.

The measurement data indioate 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 signifioant

role in this prooesso It was found that oharged partioles of the inner zone

fill the region from 350 south geomagnetio latitude to 350 north geomagnetio

latitude at an altitude of approximately 1000 km. The altitude of the lower

boundary of the inner sone was found to be different in the Eastern and Western

Hemispheres# in the Eastern 1500 km; in the Western 500 km;. This is due to

the shift of the magnstio dipole relative to the oenter of the earth. An anal-

ysis of the data showed that protons with an energ of the order of 100 million

ev are most oharaoteristio of the inner sons.
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Purthar study of the outer radiation zone took place duri-g the flights

of Soviet cosmic rockets.

The first cosmic rocket recorded the radiation intensity near the earth,

and the cosmic radiation with the aid of two Geiger counters and two sointil-

lation counters.

The first device containing a scintillation counter was similar to the

device installed on the third sputnik. It was used to measure the number of

events with the energy threshholdso I - 45 key; II - 450 key; III - 4.5 Nov;

IV - total ionization.

Both Geiger counters and the first scintillation counter were located in-

side an aluminum casing I g/a 2 thick. Approximately 20% of the total solid

angle was shielded by material of the order of 10 g/orn2. The second sointil-

lation counter was located outside the shielding casing. The sointillator,

which was 0.3 g/om2 thick, was covered on the free-spaoe side with aluminum

( foil 1.9 mg/om 2 . This device recorded only the total ionization in the crystal.

The measurements were made at distances of 8 to 150 thousand km from the cen-

ter of the earth. As a result of the measurements, the spatial distribution

of the outer zone was obtained, and the composition of the radiation in the

outer zone was studied in more detail. It was found that the effective energ

in the regions of the maximum is approximately 25 kev, while on the boundary of

the lone it is approximately 50 key.

A comparison of the readings of all the instruments installed on the first

cosmic rocket enables 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 practically equal to zero (in rela-

tion to the background of constant cosmic radiation). In addition to depend-

ing on the distanoe, the radiation intensity is determined to a large extent

by the magnetic line of force on which the measurement is made. It was found
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that the particle flux is not unidireotional. The particles osoillate along

the magnetio lines of foroe from one hemisphere to the other, undergoing. total

refleotion upon approaohing the earth, aooording to the laws

2 oonst, (4.20)

where S is the angle between the velocity vector of the particle and the mag-

netio-field veotor at the given point of the trajeotory.

Thus the outer sone, according to the data of the first oosmio rooket,

must be conceived of as being located in the space between the magnetio lines

of force 55' and 67'. The maximum intensity is observed on the line of force

62* (Figure 140). Beyond the limits of the outer zone (66 to 150 thousand km)

the fir-st cosmic rocket measured the primary cosmic radiation, which is unaf-

footed by the earth's magnetic field at such distances. This means that either

the earth's magnetio field "disappears" at distances of 10 earth radii, or that

there are no particles in the cosmoc, which oou!d be deflected by a magnetic

4 field of the order of 3 - 10-4 oe.

The flux primary cosmic rays amounts to 2.3 t 0.1 partioles/om
2 "ec.

The photon inteDaity in the interval 45 t 450 key is 3.2 t 0.1 photons/om
2 . ago

and is I t 0.1 photons/om2 * sea in the interval 450 t 4500 key. The energy

flux of the photons in very small and makes practically no contribution to

ionization (see Figure 140).
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Figure 140. Trajotory of motion of the first Soviet Coumio Rooket in
go gnetio coordinates. The Mosoow flying time and the radiation
intensity (vertioal lines standing on the trajeotory) at a given point
(aooording to ionization measurements in a sodium-iodide crystal) are
indicated along the trajectory. The magnetio lines of force inter-
seoting the surface of the earth at the geomagnetic latitudes 50, 55,
60, 65 and 700 are shown. The outer belt is denoted by hatching, the
inner belt by dots*
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Various devices were installed in the seoond cosmio rocket, their use made

it possible to conduct investigations even deeper into the outer sons, and also

studies in which radiation bands were discovered aroung the Moon. The appara-

tus consisted of gas-disoharge and scintillation counters. They were installed

inside as well an outside the housing.

Inside the housing one scintillation counter was installed to record . oup-

lete ionization and the pulse-oount rate (the pulses corresponded to energy

liberation in a crystals I *60 sev, II Z 600 Iev, III 3.5 Uev, and two gas-

disoharge counters with additional shielding; one counter had a copper shield

1.5 mm thiok, and the other a lead and an aluminum shield, 3 and mm thick

respectively. All three instruments were located in a shell with a thickness

of I g/o 2 aluminum. In addition, about 20% of the total solid angle was

covered with a substance 10 g/om=2 thick.

Two scintillation counters were installed outside of the housing. One

(. recorded complete ionisation and was closed from the free-spaoe side with alum-

inum with a thickness of 1.2 mg/om2, the other recorded complete ionization

and the pulse-rate count corresponding to the energy liberations I P 45 ev,

II ; 450 Kev. The crystal of this counter was shielded with I g/om2 aluminum,

and only about 5% of the total solid angle was ooered by a greater quantity

of the substance (e10 g/o2). Three gas-disoharge counters were also mounted

outside the housing. The first was shielded with 3 m of lead and I mm of

aluminum having a window with an area of 2.8 om2, the second had the same kind

of shield, but the window had an area of 1.6 om2, shielded with copper foil

0.2 mm thiok, the third had the same shielding and a window with an area of

1.6 om2, shielded with copper foil 0.5 m thick. In addition, all three win-

dows were shielded with aluminum foil 0.2 mm thick. The wall thiokness of all

three counters was 50 mg/om2 of stainless steel. The second and third gas-

discharge oounters, mounted outside the housing, operated only in the high-

intensity sone. After leaving the high-intensity sone, the telemetry ohannels
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transmitting data from the gas-disoharge ocuntere were switohed to the trans-

mission or information from the scintillation oounters.

Putting this apparatus on board the second oosmio rooket made it possible

to obtain now information on the three-dimensional location of the outer radi-

ation zone,

Figure 141 shown the position of the maximums of the high-intensity sons

aooording to data from the first and second cosmic rookets. As has already

been stated, the maximum of the outer radiation sone 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 was observed at a distance of 17,000 km from the

center of the Earth on a line of force of 59. The reasons for this may be

varied. In the first plaoe, the different trajectory positions on the 2nd of

January and the 12th of September relative to he direction on the Sun, which

could have caused a systematic deformation of the Earth's magnetic field; in

the second place, the deformation of the belt could have been due to the vary-

ing nature of the corpuscular currents and therefore, due to the varying nature

of injection of particles into the radiation sone. The difference in the spec-

trum of particles recorded on the 2nd of January and the 12th of September

speaks in favor of the latter case.

Th5 results of measurements of the particle oomposition of the outer belt

on -the second 0osmi0 rocket support the data from the first cosmic rocket that

particles with a path of several g/o 2 are absent in the outer radiation belt.

Essentially now data were obtained from the readings of gas-disoharge counters,

installed inside the housing and shielded with additional filters of copper

and lead. Both counters recorded photons with energ greater than 400 Kev.

An analysis of the readings of the gas-disoharge counters allow it to be as-

sumed that there exist two separate groups of particles; electrons with enor-

gies of 20 Kev and electrons with an energ of 2 Nov (or protons with an energ
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of 10 Me,)* Apparently the formation mechanisms of both groups are essen-

tially different,

2.1. IS

Figure 141. Mazism of the High-Intensity Zone According to Data
from the First and Second Cosmio Rocket@,

PiLOr 142. An Instrument for Measurinig the Quantity of Heavy
Nuclei' in osmmio Radiation.

One of the most important problems in launohing the rocket on the 12th of

September was the discovery of the Noon's radiation belts. The result in nega-

tives In approaching the Moon up to a distance of 1O00 km from its surface,

the increase in radiation intensity of 10% of the cosmic background in not

detested.

Thus, it ma be assumed that for all practical purposes there are no Inner

radiation belts*

Apparatus for measuring heavy nuclei in primary cosmic radiation was
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installed on the third artificial Earth satellite and the cosmic rookets. A

Cerenkov counter served as the sensitive element of the instrument, it consist-

ed of a plexiglass detector and a photomultiplier. One of these instruments

is shown in Figure 142.

The determination of the charge of a partile was made in the Cerenkov

counter by measuring the intensity of lumineseenoe, which is proportional to

I the square of the oharge, (See Chapter II).

The instrument installed on the third artificial satellite recorded the

nuclei with kinetic energ greater than 3.108 ev/nucleon. The instrument was

adjusted to record two groups of nuoleis with a charge greater than 15 to 20

and with a charge greater than 30 to 40. Processing of the data on the oper-

ation of the instrument for 9 days showed that 1.22*0.8 particles with ZP 15

to 20 per minute parsed through the instrument on the average. Only one case

of the wear of a ohannel, tunel to Z JP30 to 40, was noted in the course of

the 9 days. This evaluation showed that the maximum number of nuclei with

Z 30 to 40 passing through the Cerenkov counter did not exceed I to 3. Hence

it follows that a stream of nuclei with Z 7 30 to 40 makes up not more than

0.03% of a stream of nuclei with Z 715 to 20. Thus, it should be assumed that

the stream of heavy nuclei is small, and that the indication of the existence

of a stream of nolei with Z 7 30, comparable with a stream of nuclei of the

iron group in magnitude, is not supported.

Cerenkov counters for recording aplha particles and nuclei with Z P 5 and

Z ;?15 were installed on the second cosmic rocket. The counter for recording

alpha particles was located outside the hermetically sealed housingp the others

mso" it. The thickness of the shell of the housing did not exceed

I g/om2 of aluminum. The counters recorded nuclei with a total energ greater

than 1.3"109 ev/nuoleon. The channels along which the information on nucleus

recording was transmitted were designed For determined threshold values of
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enera', but counts of alpha particles and nuclei with Z P5 and Z :15 oan be

made by them.

In addition to the nuoleus-count channels, there was a channel for record-

ing the intensity of all oharged partioles in the radiation belts, the so-called

radiation indicator. The radiation indioator, besides recording low-energ

charged partioles (electrons with an energ of 15 to 20 1ev) creating X-ray

radiation in the shell of the housing to which the photomultiplier of the Cer-

enkov counters were sensitive, could also record electrons passing through the

shell of the housing and having a kinetic energ greater than 2 Mev. Protons

and nuclei 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 function of distance. Ourve I was obtained during the

flight of the first oomio rocket and attests to the presence of a maximum

radiation intensity at distance of 22,000 km from the Earth's surface; curve

2 was obtained during the flight of the second cosmic rocket and attests to

the presence of maximum radiation intensity at a distance of 1K,000 km from the

3Erth's surface. From these curves, as well as from a oomparison 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 second cosmic rocket# was shifted toward the Earth 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 comic rays. The stream recorded equalled 2 to 4 particles/

O.gOo. 0

In the vicinity of the Moon and during the approach to it, the indicator

did not detect a noticeable increase in intensity. The information from the

channels recording -particles and nuclei with V O 5 and Z > 15 indicates
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that the mean values Uf C4-partiole-streamis and the aforementioned groups of

nuclei do not va?-y with distance at long distances from the Earth. An approx-

imate stream value of 140 t 10 to 150 t 10 partioles/m2.eeo.sterad was obtained

for d-particles; 10.0 t 0.3 partioles/m2.seo.sterad for Z-" 5; and 0.37 t 0.06

particles/m2 .seo.sterad for Z ;P15, at determined values of the geometrio fao-

tor of the Oerenkov oounters1 .

,7 VJ, Id 9 22.q 28,5 j, 9.. JY9.
Distance from Earth's Surface, Km * 103

Figure 143. The Course of the Radiationl Intensity Recorded by a
Cerenkov Counter During the First and Second Cosmic Rocket Flight,

During the flight of the second cosmic rocket an interesting phenomenon

was disooveredi At 1127 UT, 12 September 19599 the number of nuclei with

Z Z 15 entering the counters increased by a factor of 11.8 (11.8 t 0.7) in

omparison with average intensity . This increase lasted about 17 minutes. At

the same t im, the number of nuclei with Z ;p 2 and Z 70 5 increased by factors

of 1.3 t 0.1 and 1.5 t 0.3 respectively,

An analysis of this phenomenon showed that it was connected with prooeI-

son taking place on the Buant at a time interval closely oinciding with

increase in intensity of the nuclear oomponent, two ohromospherio eruptions

and also an outburst of radio emision were recorded at stations on Earth.

"_. The trio factor in thi cse is the valueg having dimensiono
1o01 .steradJ the prodnot of which by the value of the strem [particle*/
am o eo-Iterad] equals the numbir of counter readings per second.
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A comparison of these data leads to the idea that on the Sun prooesses

apparently take place in whioh nuclei are aooelerated to energies exceeding

1.50 109ev/nuoleon.

Essentially new results in the study of cosmic rays were obtained during

the flights of the second and third satellites.

As in known, the orbit of the satellites was at an altitude of 200 to

300 km. As a result of measurements, a chart of the distribution of intensity

over the entire Earth was obtained. It follows from this onart that near the

equator the intensity of radiation is comparatively low. High-energy ocsmio-

ray particles occur at the equator. Moving from the equator to higher lati-

tude, radiation increases. This takes place because far off from the equator,

not only high-energy partioles, but also oosmio-ray particles of low energy

reach the Earth from spaoe, particles of low energy than is necessary to reach

the equator.

At latitudes exceeding 50" an increased 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; particles

of the radiation belt do not penetrate to here, only cosmic rays.

Finally, this chart indicates a considerable increase in radiation inten-

sity in the region of the South Atlantic. This phenomenon is apparently con-

nected with the existence of anomalities there of the Barth's field.

Studies of Interplanetary Ga Using Ion Traps.

Experiments wre run on all three Soviet cosmic rockets to study ionised

gas in interplanetary space and in the uppermost layers of the Barth's atmos-

phere. Special instruments were developed for this; three-eleotrode charged-

particle traps.

On the rocket launched 12 September 1959, four traps with various external-

grid potentials were set ups +15 vp -5 v and -10 v. Positive current could be
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oaused only by ions, wherein their energy could be determined by comparison

of the reading@ of all traps. If all traps simultaneously reoorded negative

ourrentp this meant that it was caused by electron streams. In this case the

energy of eaoh electron exoeeded 200 ev because only those electrons could

pass through the deoelerating potential applied to the internal grid of the

trap.

As a result of the measurements oonducted on the three Soviet rookets

using traps, a great deal of experimental material was obtained. Only during

the flight of the Soviet. rocket in September, 1959, there were about 12,000

trap-ourrent measurements transmitted baok to Earth.

Let us examine the fundamental scientific results of the investigations

using traps. Figure 144 shows a graph of ion conoentration versus the distanoe

from the Barth's surfaoe in kilometers. Two fundamental oonolusions can be

made from this.

1) The Earth is surrounded by a very expansive and highly rarefied atmos-

phere of ionised gas. This atmosphere may be rightfully called the "Earth's

oorona" or "geooorona". The ion conoentration in the gooorona is on the order

of several hundred positively charged particles per om3. For oomparison let

us say that the ion concentration of the Earth's atmosphere at an altitude of

300 km reaches I to 2 million per om3. And the concentration 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 concentration with distanae from the

Earth's surface it may be concluded that the geooorona is composed of hydrogen.

The geooorona oan be detected up to a distance of 229000 km from the Earth's

surfaoe. There is, however, reason to assume that the extent of the geoorona

varies. It may be a function of several things, ohiefly of solar activity.

2) In interplanetary space at distances exceeding 22,000 km from the

Mrth's surface, therc was no measureable concentration of ionised gas. Henoe,
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Figure 144. Ion Concentration Versus Distance.

assuming that the experiment were accurate, it may be concluded that if there

is ionized gas in interplanetary spaoe, its conoentration is surely lower than

100 ions/om3. According to existing circumstantial data based on analysis of

trap ourrents, the concentration of ionized interplanetary gas must be even

considerably lower than this.

3) At distances from the Earth's swrfaoe from 45 to 80 thousand kin,

streams of electrons with energies exceeding 200 ev and with current density

N ~108 particles per om2 per second were discovered. These streams attest

to the existenoe of an outermost belt of charged particles surrounding the

Earth particles of comparatively low energy and located beyond the radiation

belts.

Finally, magnetic measurements oonduoted on American space vehicles indi-

oated that in the region bf space where the outermost belt is looatedp there

exists a current which distorts the Earth's magnetic field. This current is

apparently a drifting current of electrons in the outermost beltq oaused by

nonuniformity of the magnetic field.
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basUrmeat of hmts Field moor Zmuh andmo

A recording mowater with wapeticany saturated pickaps was installed

Om the third Soviet satellite for gsOMgmetic .sairents In and outside

t0OMephere of the Nerth. The operation of such a .spetometer to described

in Chapter 20

The indmeteomter developed for the third sate llite (Fig. 1W) insured

masuroeats at the earth field intensity with a "i aceuracy, an any manetie

latitude and with any orientation at satelliteg and was fully autmotice

Fig. 15. Negaetmter Installed an Third Satellite.,

Tempeatomter had also a *pesial appliance which made It possible to obtain

data on ohanging spae orienattion at the satellite (relative to the vector

of metict field), and on variation in the nature, of satellite revolution.

The masuring range of the instrumesnt constituted 4$890000f The performane rate

of sorvoysten was equal to k0 - 4k/sec;I the mean angle, of zero point

was about 2yper hour. The zero point of the magestaoter was deteud med

by somartsoa with protoin mgaetamter. The mim value of mgntie deiatim

amounted to appremiwately 3,000Y. measuremnts we cmate4l em alttde.

at 2P0 - 750 but lo see In the realmn below and above the inmn at Iiaation
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of the 72 layer. agnetto error, the period of which coinides with the satellite

preoes *.on period, was fixed on roording. If the satellite orientation is known,

a major portion of this error oan be ellminated.

Manoetic investiptions an the third Soviet satellite furnish a convinoag proof

for the presence of ionospheric sources which cause variations associated

with the earth field disturbance* Analysis of the obtained material indicates

the presence of short, fast changes in the earth field, coinciding in tim

with the passage of the satellite through the 72 layer of ionosphere (Fig. 146).

At the same time, 20 cases of short (5 to 8 se) negative and positive peaks

of the earth field variatim were detected. They can be considered due to space

inhamoeneitle in ionospheric current system of local character, Intersected

by the satellite.

fig. 146o Characteristic Recording of Short Earth Field Variation,

New data were obtained during the examination of constant msaotio sarth field.

particularly when the satellite was flying above the ester Siberian anamlye

the so-oalled Asiatic maximum of intensity of the geomagntic field. As it is

demonstrated by the analysis of obtained data, the magnitde of this anomly

ettommate with the altitudes very slowly.

Basing on indications of two potentiomtris piekups, characteriing

anglar dimplaeomats of the satellite body, it is possible to obtain a numerial

value of the relative variation in the space position of the satellite for ea moment
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Of time It follows from these data that the satellite was perfoimiag

a procession motion witi the period of T a 136 see, Apart from that,9 the satellite

mee zovolving around Its own axis at the rate of 0.350/s... These results

are very Important for the interpretatiton of indication at other Instrumnts

installed on the satellite.

On the. first and secocnd satellites were performod magnetic wasuremants

at distances of several terrestrial radi, as well as In the environs of the MW1

These masuroeuts are highly Inportant for geophysical researches part ieularly

for the experlmntai verification of existing theories of am~etic afto

and aurora polarise

thasurownts on the first space rocket were conducted by-mmw of a three-eo,01- at

saguetmter with mngetically saturated pickaps of even harmanies (rofor

to Chapter I). General view of such a pickup is shown In Fig. 147. The wsuring

range an each piciup was equal to t 3000 y*The amgtmter's drift from zero

did not exceed 201 In 24w hours of continuous operation. The sensitivity of each

channel of the mgntmoter equalled 600 Y, The total deviation from mgnetic

compants af the rosket did wot surpass 70 %y and was known for sash piekup.

Fig. 147. Pickup at IHapetaomter Installed on Firtt Space flocket.,

Fig. 148 shows the experimntal curve far Intensity of the terrestrial

mat"M fiezd as a fuinticm at distase as well as the theoretisal curm

at the dipole field.

The conaicm of inasured and calculated field values shows that noasured value
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diffor substantially frm calculated ones in the flight phase at 15 to 30 thousand I=

from the earth center. The disa emnt between the true field and the dipole field

equals 300 Y even at the distance of about 124700 e Hene is observed an abrupt

deremat in the terrestrial mseotie field vith distanee. The differemne between

the true field and that ealoulatod ftrm the earth potential attaims its nmimi

value at the distance at 19 to 20 theus*d ha mad equls 80o y

Fig. 148. Variation in Ngintio 1arth Field with Altitude.

I - calculated vall I 2 - masured values.

The result obtaaid has a great selentifte sinificamoe, It perits to assort

that the Ignette earth field at distesee of 3 to 4 terrestrial radii tis deternined

aot caly by values osleoulated fro the IIIItte earth potential, bat depoads also

on external souvso

on the amod epso roit, lauhed to the Noon ea 12 Septeer 1954) were

Installed m sensitive masg ootere of tle amn type as em the first roelet,

The sonsitivity of c eonstituted 15 Y/v of tolemsrio systemo

At the seaw tim, the eaulia rmp was reduced which cused the msasurente

of the terrestrial mpeti field an the soon speco roeoet to start apprwiminly

frm as altitude ef 18,000 ka from the earth center.
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Figure 149. Values of magnetio terrestrial magnetic

field intenoity obtained b:, various methodmi

I- measured values (1ot cosm-ic rocket'; 2- measured values
(2nd cosmic rocket); 3 - oinputed values
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i6,gnetic measurements on the seaoi comic rocket were carried out me fre-

quently, than on the first one* Reading of mgnetinters was done every 3-
6 eeonds, and then periodically repeated within appremimtely one half of a minute.

on fig.lk are shown ourves, obtained os the first and second cosmic rockets@

As already pointed out before ,the aouremants on the second cosmic rocket revealed

instability of the outer part of the radiation znes during Ilight on September 12'

199 Its uuzim was situated closer to h1rtkg than during the tims of flight on

Jamary 29 199 Because of this the reductioa in. geomagnetic field Intensity during

msurmsnte a s heed cosmic rocket has not beeu detected* beeasee the aatic-

ipated ngstio effects were In. the some of the field, where the intensity Value

was beyond the limits of mag. toster ussureents. At present tins there It a

great discussion goilg as between astrophusicists and geopysicists regarding the

nature of radiation bands and the causes of vanetim of radiation belts,

The flight of the second @comi rooket to the Noon, and the sagnetic nemee

mate In direct vicinity from the Moon dicovered no noticeable Increase in nago

netic field inest.katgiobtained from the wear-lunar seetion, wereo

subjected to thorough statistical analysis , ?Uis allwed to mke a scolasioss that

If at the Moos would exist a Magnetic field of aore than. 100 gamas, then It Would

have been detected. Consequently, it ean be stated, that there Is no magaetic field

at the Moon. which by Its magnitude would eseoed, the neasuremati errors. That Is

wk9y efforts to explain. certain geophysical phenom by the offset of the Inner

mgnetic field should wv be considered as absolutely baseloes
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Investigation of Wlorometeors

To investigate meteoric particles on the third man-made Earth satellite

and on cosmic rockets was installed an apparatus, consisting of ballistic

Pieso-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 particle impacts, and-regiutration

of their enorgy as well, enerp;, measured by the pulse magnitude of the mat-

erial of the sensing device, ejected during the explosion of a materoite

particle on its surfaces

See page /03 for Figure 150

lig.S.0 Apparatus for' studying netearie partices. 9 inatallsi on

where L e sejestion 0 pals 3. *kinetic eUMr Of Pmrtiel0sg Aw PCoprOma0121ty

if the average velocity of the particle Is accepted in this esen at 40 ke..

istoi then possi ble to 4.teras the ua of the recorded particle..

On the third ms-siaA. Barth satellite were set up collision feelers with total

area of 3410 =29 Including the body of the feeler. Distribution of signals bywa

plitude ws dome by comertiag the signal from the amplifier part Into a computi

systm of each ampitude ran~ after a eorrespeeding aeumlaftic of a awur at

Inpatse

On the first and Boooa eesmc rockets -eO man"& feelers with general area

of 0.2 0i2. and an the third a" M 0.1 go,.

Uhe apparatus mussed as the first ce~a rocket was ealib'atel for reeiotartion

at partieles with mases. I - 2.5.10 a 195404 gi IIwl.S9l04" - 2-1007 Sl

ZU >2104g.

on seicand amd third seefte rockets there was no aceinmlatim at ioeegmnd
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Fig. 150. Appar'atus for studying meteoric
particles, installed on third satellite,
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eaeh iqaet vas recrded separateli'y The apperalss installed an the seco. ocome

reokt was oalibated for reaordig particles with isess I w 2o40. 6.10" 9

I . 6.lo-9 -l.5.106 g, III > le.5e. 4 g. a an the thArd oomsd. rockets

I- goo9 -. o as II - 3 0 - eS.lo.A9. 68 111 . 8.

The usaruneat results tam Ow thl6 ro de Earth mtollUt and ooa/WW relb

oto are listed in table 34o

By exminia the mationed tab)le It Is possible to arrive at *;taln oomula

1, Density of metels mtter I& the periphery of the brth is agt eomstt -

I hnaoa in spaso

2o Mlaziussm number of rec rded Imacts beloagl to partioles with munse rmgLmg

from ( 3 * 8)10.'9 to (2#3)10- 9 em m .,allo

mtose results ohm that uteor e am Mioiste'io dnger Is inllo

* TABLE 34

Results of measuring on the third man-msde satellite and oosmio rookets

Co~e unitDate *asor potieles patel 0wat

Cesde I(ast? a kO Imlise) ANI .MAL
I

Y'UR S*!lLLXS 155-S8.100-2.710-0-t
lS-2S/5< <106

<2.10-8Mat Rocket 200-50 2,..10---,.01
>2. faO 4.tO'

l2"410- 0.1o

eamraeti. IO7-4,5I. o <5. I0"
6>o1,S10 8 <S. 10-'Se cood r ocket. > I. .O ,< 9. 0-4

4- 0 4.,0-''Bd l'd&'O~k$ 8/ , 3.1 >l '4'e o ~ -.2.1g"-'=

15d rocks$ > >6.5 4.10-4
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Biological investigations

On the second Soviet man-made Earth satellite was carried 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. Frequency curve of oardio contractions of
dog Layka at various moments of flight.

a- number of systoles per minute; b- prior to blast
off; o- time satellite gets into orbit; d- orbital
flight.

For this purpose the satellite was provided with an airtight (pressurized)

cabin occupied by an experimental dog - Layka. The cabin was furnished with

devices to repro4uoe conditions necessary for normal existence of an animal

during lasting flight, aa well as equipment for recording its physiological

functions (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

presence of large overloads, as well as vibrations and noise from the operating

rocket power plant. The behavior and condition of the animal when the satellite
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came 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 increase in apparent bodily w6ight and maintained freedom of movement of

head and trunk. Then it appeared to be pressed against the floor of the

cabin and some of its noticeable movements have not been recorded. The fre-

quenoy of the systoles immediately after blast-off increased in comparison

with the initial one by 3 times (fig. 151). However an analysis of oardio

bioourrents reoording (electrocardiogram) indicates the absence of any ill

effects (fig. 152). There was a typioal chart of more frequent palpitation

of the heart, a so-called sinusal taohyoardia.

S0oooooooo ooooooo 0 0 00 0 0OO !

Fig. 152. Electrocardiogram recording of dog Layka in state

of weightlessness, obtained on the Reoond satellite.

Toward the end of the orliting, in spite of increase in overload, the

frequency of oardio 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 increased the respiratory movement

of the thorax became difficult, as result of which its respiration became

more superficial and frequent.

There are bases to assume, that the indicated oharges in the state of

physiological functions of the animal are connected with the sudden action

against the organism of sufficiently strongi uter stimuli - overloads, noises,

vibrations, Analysis of obtained data and their comparison with results of
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preceding laboratory experimentations allow to state that the flight along

the orbiting section was endured by the animal with satisfaction.

After the satellite reached orbit the state of weightlessness took place.

The body of the animal under these 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, than

during laboratory experiments, at which the animal was subjected to the

effect of such accelerations, as during orbiting. In all probability this

is explained by the influence of the weightlessness state, at which 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 extension in the period of frequency normalization in heart palpita-

tion and respiration.

Analysis of the electrocardiogram taken in state df 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 pathological nature and were connected with the

increased functional load during the period, preceding the state of weight-

lessness. The picture of the ECO (electrocardiogram) reflected timely nervous-

reflector displacements in the regulation of oardio activity. Next was ov-

served a greater approach of ECO to the one, which 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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Normalisation of functional oharaoteristias of blood circulation and

respiration under weightlessness conditions attests most obviously that this

fact in itself caused no essential and permanent changes in the state of

£. physiological functions of the animal, No definite opinion regarding the

effect of oosmio radiation on the experimental animal oould be made, No

physiological effeot of its action has been direotly disoovered,

The biological experimentation results obtained on the seoond satellite

and on ships-satellites show. beyond any doubt that oosmio flight oonditions

are endure4 lhy the animal with satisfaotion1 .

The experimentation result positive in thi- nase makes provisions for

oontinuin6 and expanding the investigations. with the purpose of creating

conditions, safe for the health and life of humans in cosmio flight,

1. About flights of animals on ships-satellites see Chapters VI and VII.
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Tirst Photos of the Reverse Side of the Moon

The period of rotation of the Moon arouwd its axis coincides with its

period of rotation Pround the Earth, and that is why the Moon is turned to

the Earth always with one and the same 6ide. The presence of so-called lunar

librations, i.e. periodic oscillations of the Moon about its center, visible

for ground observer, made it possible to investigate and plot on chartsC.
59% of its surface.

Pi-ure 153. Photo of reverse sloe of the 7 oon obtained from
board the AIS (automatic interplanetary station)
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Fig,1549Photo of the reverse aid of the Waos taken fr board of the

Some lunar foal-tions are situated along the very edge of the visible diskowhereby

a pert of them is visible only during corresponding librations of the Moon* All

these nrginal zones are visible with greater distortions, caused by perspective,

The chosen time for photographing allowed the AIS to obtain photos of a larger

prt of the lunar surface invisible from Earth and of a nmll part with already

known formations (fig.53-155)o Turned to the station was the lunar disk almost

fully illuminated by the Suns Under such conditions of illuminating the lunar

surface its formations do not produce shadows and some details appears to be loss

noticeable*
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The presence on photos of a part of lunar area visible from the Earth made it

possible to tie dow4 never befcre visible objects situated on the reverse side of

Moons to already known ones and thus determine their soelenographic coordinates.

On the photo the boundary between visible and invisible (from the Earth) part of

the Moon is designated by dotted line. Amon the objects photographed from beard

AIS and visible from the Earth we have the Humboldt Sea 9 Sea (Nme) of Crisea

karginal Sea, Smith Seas part of the southern Sea etc.

These sees situated aloNg the very edge of the Moons are still visible

during ground observations, and appear to us as result of perspective distortion

as narrow and long, and their true form has not been determined until now* On

photos, obtained from board the AIS, thes sas are situated far from the visible

edge of the Noon and their form is slightly distorted by perspectiteo

As results of preliminary investigation of available photos it can be man-

tioned, that on the Invisible part of the lunar surface are predominant .

mountainous regiona, while seas similar to seas of the visible partsthere are

very few. Vividly expressed are crater seas, lying in the southern and near-ea-

torial regions.

Of the seas situated close to the edge of the visible part, am the photos

are clearly distinguished almost without distortion the Humboldt sea, Mrginal

Seas Smithis Sea and Southern Seas It was found that the southern Sea in

a considerable pert is situated on the reverse side of the Noon, whoeby Its

boundaries have an irregular winding form*

Smith's Sea in comparison with the Southern Sea has a much rcunde shape with

a mountainous range cutting in into its southern tip. Smith's Sea in a large part

spreads also on the reverse side of the Moon. The ibrginal See has an elongated

form with a depression opposite the Sea of Crlioc.Jst as the Smith Sea It Is
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extended on the rover se side of the iIboa., The Humboldt Sea has the Peculiar shape Of

The entire region adjoinIfg the western fringes of the reverse side of the

Moon, has a reflectivity, intermediate between the smataiaoms regions ad +be seas*

By its reflectivity it is analogous with the area of the Moon, situated betwen the

craters Tycho, Potavius and the Mieeter Sea.

To the south - south-east from the Humboldt Sea. on the boundary of the meontioned

region stretches a chain of mntaina of total length of more than 2000 km. cross-

ing the equator and extending into the southern haeiphere e Beyond the mountain

range extends, evidently, the continental peak with Increased reflectivity.

In the region situated between 20 and 300 northern latitude and 140 and 1600

western longitude is situated the Crater Sea with a diaster of about 300O k1. In

the southern end this sea is ended with a gulf . In the southern hesaphere, In the

region with coordinates latitude - 300 and longitude * 13009 Is situated a larger

crater with a diaeter of inro than 100 km with dark bottom and bright central knoll

surrounded by a luminous wide terrace,.

To the east from above mentioned range, in the region of + 300 northern latitude,

is situated a group of four craters of medium dimension; the largest one of that

group has a diameter of about 70 kn. To the south -west from that group, in the region

with coordinstes latitude * 100 and longitude + 110 there is a separately situated

round crator. In the southern hemisphere along the western edge are two regions

with sharply reduced reflectivity.

Furtherme, the photon show individual regions with slightly increased and

reduced reflectivity and numerous small details,

Fig.I156 shows a chart of the reverse side of the Moon.

Investigating the operation of solar batteries.

162



CI

11I qS. aIiln, tl"Lo of obJectas tUe o*o . f tM NOW Invisble o athI

IInsr crater sa diameter 300 ka - Moscow Sees 2.Lf of Astromate in Xoscow
fses 3- sontimnuti@ of Southern Sea an rem" de of Moons 4- TI1omvaky
eostorj 5- Lamoneoy ortor; 6w Zoliot-Curle orsAte; 7- mutain ridp Sovetf y;
8- Oem (Mblts.) See. lbrokea line - Iuar equator, dotted Lim boundary at
visible fm the Brth NOISios Of the Moos; RMMa numbers desismate objeets of
Visible Wrt Of the Mbn8 I -os inltboltd t ea II-S.. Of Cris III - III Seesl
IT - Be bf Wavosl V - Smith Seal I - Fertility Seal VI Z. Smuthn SOe

As me stated beforeo on the third Sov io satellite and autaetlo iatOrplaae ww7

staton for supplying power to the .suimat, together vith chemical current

souroos, were also used semiconductor (silicon) solar batteries. The Installatlon

of sam appeared to be the first effort of employing solar batteries as ma-me.

satellites and cosmio rockets under conditions of cosmic space.
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sensing elemnt and bo6y p it I possible an the basis ot alre oy available data

to coafira. that at a poperly executed construction there should be no fear et

failll@e a photo converters as result of overheating,

Measurement data, allowing to evaluate metooric orosion, attest to th fact

that the rabbi"g off of coatiuo protoating the surface of solar batteries, is a

slow prosses and ale' oannot be the ause for failure of the batteries. Preliminary

oonalusies ean also be made regarding the etoot of cosmic radiation. The opera-

tion of radio transmitter OULTAK 0 through a period of may msths confirm, that

comic radiatioaso mat likely# do not present grester danger for solar batterios,

The uninterrupted operatioa of oMYIAKo allow to make an Important conclusion

of the fact, that an Earth satellites it is already now suitable to use solar bat.

teories of greater capaoitanco. Experience has shown, that such batteries are suit-

able not only for orionted, but in many eases also for nom-orieated Marth satel-

litoe

Positive experimental results on direct conversion of solar onerg into aleo-

trical beyond the terrestrial atmosphere 0 experiments carried out on lrger male

an the tkf* Soviet Urth satellite and an the AS, ale of exclusive Importameo in

solving problem of securing the work of scientific ad! essuring devices of satellites

and cosmic rocksto tr a period of practically unlimited time lnteral.

1 65



z Chapter V. First Fight 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 rooket, 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 MWy 1961. Mininum 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, oonsistin of a

cylindrical 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 an

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 condi-

tions of longer stay in int-irplanetary vpaoe. On the outside of station body

are also mounted four antqnnas. One of these - pencil beam antenna - has the

shape of a paraboloid with a diameter of about 2 m and in intended for communi-

cation with interplanetary station at greater distames from the Earth and trans-

mission of greater volume of information within a short time interval,
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Two cruciform antennas, mounted on the solar battery panel, have a small

radiation pattern and are intended for communication at medium distances from

Z the Earth,

omidiretioh.1 antenna - 2*4 a lcong rod - Intendd few transmision of infWJMM-

tim and determising trajectory parameters at the section near the Keithe

Maihzn dinsiem at the station, (withouat considration of antennas and

solar batteries) La length - 2035 no and in dimterm - 1050 =6

The solar battery panel and red antenna prior to break amy of station from

the comic rocket are folded up and open imdiately after Its sejiaratiun.

The construction of the station "eowes the mitenanee In the heriatie

(airtigh) body of initil ga Venomsof about 900 si Ng for the tim. of the

entire flight.

. The louvers of the tesperaftre control system. anted on the cylindiloal

part of the bedy, tun, esea ani close the radiation. suface, correspondingly

raising or lowering the transfer of heat, liberated during the operation of the

equipmnt earned as. beard the A18. The opertion of louvers and fans, Installed In

the interio of the bejy, Is controlled with the aid of an mntoas programming

arramint and system of texperature feelers, situated at points, subjected to

noxims overheating or superecoling. In this wa is solved the problem of providing

normal tesperature for the station e9uipast eer the entire fligh trajectorye

during its trip from the Barth to the Yents, when the staticas ems close to the

Sun at a distance of 110 mnillie. kog les when the power ot solar radiation rises

by mere than doubleo

Two solar battery panels, constantly oriented towerd the Sung secure omesn

uin carging of the chemical current emarees.

Owe radieteahnioal Installation of the Ala solves the following peblen

measures the invcmt parameters ot the station relative to the Maths

trasmits to xrth asuremant results, of Wasur mats carried eout by the
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scentific Isatrumats carried an board Uhe staticoal

transa.tti to krt Is anim ticm about the operation of board InstrsuAts

jWee-s and tenpeatwaes within the statiom aznd on Its body;

receptionm of Barth Maio eomud pertaining to control of the operation e

the elpipmnat on beard the staticm.

116.2570 Automtl. interplanetary station

top - foward viewt below - rear iew.

!he operat ion of the equimntl earried on board tW station was controlled by

the transs ion of coamada over the radio line from ground pointso and by' auaScm

asee progeAng devices on board the statiom.

Soe orientation system of the AI8 solves during flight along the trajectory

the following wroblemsa

elimaination of asy arbitrary roto of the statim, obtained during break

away from the reeket, blasted of f from a heavy ama-made Both satellite;

memos tMe seeking of te San from any position of the static& and realizing

statiom stabilisatim;

seCaring wear the V~earnsiemttea of the pemeil bean (paerabolic) aasten
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facing the Mrth for the obtalammat of such higher rate of transissioa of osi-

eatif ic infi nim and data about the operation of the airborne equijment back to

hrtht.

The AIS is equipped with a complez of scientific devices for carrying out

Ph0ysical msuiomento in cosmic spaces

to stuo Comm rwI

to measure mgnetic fields in the range of several ge units to

several tens of Pamas;

to meaure charged particles of interplanetary ps and corpmsoular

stroes of the Su;

to register icrusiteors.

On board the AIS is placed a banner with state emblem of the USM. The banner

represents a model of the Brth and is made structurally in form of a hollow sphere

with a dismter of 7- - made of titanium allay, On the outer surface ef the sphere

is plotted an ismge of continental outlines. The surfaces of seas and oceans are

painted in blue color, and the surface at continents - geldenwyelloev.

Wifthin the spherical banner is placed a moumental modal with an imge of

the state emblem of +,he USM Oft the reverse side of the modal in the center is

depicted a plan of the solar system with orbits of Nroury, Vens@ Barth and Nkrs,

and the inscription alog the edges " US 19610,

The mutual disposition of planets correspond to the moment whea the A8

draes cloeer to the Venas*

The spherical banner is placid In a special protective envelope, the outer

surface of which is formed 1 peataegoal elemenats of stainless steel with ima of

US= state emblen and inscription Moth - VenUs, 1961 0.
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Flight of Interplanetary Station ftumid Vens

To carry out the flight to Venus it was necesbary to select the flight trae c-

tory, staisfying a number of conditions* If the date of rocket take-off and the

date the AIS will apioach the Venus are mentioned, then the orbit of the

All in the solar system, beycag the sphere of action of the Earth, Is isterminitd

unilaterally. The AIS, getting away from the terrestrial sphere of action, , should

acquire a velo.;ty, fully determined ia magnitude$ and in direction as well* The

blast off and approach dates are selected so that the necessary escape veloc Ity of

the AIl from the terrestrial sphere of action would be possibly lover* The veloc-

ity mgnitude, which the carrier-rocket shoiald Impart to the AIS along the accel-

oration stretch, will also be at minimn.s

Of &Teat importance Is the method of accelerating the AIS by the carrier-

rocket. At uninterrupted operation of all the rocket staes the weight of the use-

ful. load depends not only upon the velocity magnitude 9 which the hIS ust acquire

at the end of the acceleration section 9 but also upon the angle of inclination of

the velocity relative to the horison. At Speater angles of inclination the terree.

trial force* of gravitation hinders acceleration, in connection with which It Is

possible that the weight of the useful load of the rocktt decreases. So that the

AID should approach the sphere of action of the Barth, having a velocity In nec-

essary direction, during continuous acceleration it my becme necessary at the

end of the acceleration section to acquire a velocity steeply Inclined tumid the

horizon.

Tho*.o can be avoided, If the method of accelerating and intermediate orbiting

Of the satellite, Is applied. The satellite, carrying a cosedo rocket on

board, is lifted by a carrier-rocket into circu)Lar orbit with mialmam looses.

Acceleration of the cosmzic rocke, taking off from board the satellite, is dome
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in almost horizontal direction* lkving pro~erly selected the orbital plan. of the

satellite, place and time of blasting off *o rocket from the satellites It is

possible to secure the escape of the AIS from the sphere of action In necessary

direction.

Take off from board the satellite can be best realized by launching cosmo

devices not only to the Venus, but also along the moat variegated cosmic paths*

As already stated , the dates of blait off and approach to Venus are selected

so# that the velocity maaitude of IS's escape from the terrestrial sphere of ao-

tion was possibly lover, This determineo a number of ranges of take-off and approach

dates, suitable from the viewpoint of rocket power, The acceptable intervals of

take-off dates constitute 1 - 2 months and are repeated periodically appjaduntely

every 19 monthso Of of such intervals is due at the end of 1960 - beginning of 1961.

This Interval was used for the launching of February 12.

From the terrestrial sphere of action the AIS escapes an an elliptical obit

of periodical motion around the Sun* For various energetically suitable trajectories

the time of flight up to approaching the Venus can be quite different* There is a

flight trajectory over which the encounter between AIS and the Vanua occurs during

the first half of hIS rotation around the Sant during the second half of rotatio

and so as*

For the blast off of February 12 ras selected a trajeotcry at which the

eaccunter takes place during the first half of the rotation. At different kinds of

trajectories the flying tim increases considerably and the deviations of the Ala

at Te~s do increase, all this depends upon the errors at the end of the accelerat'm

sectioa. In add4tiom othe distane fro North to Venuo at the ment the hIS

approaces Vea for these trajectories, as a rule, is coasiderably geterg, them

the trajectery with ancou ta during the first half of the turn.
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To secure the passing of the AIS in innediate vicinity of the plamet~th. lifting

ofthe ANS into trajectory must be realized with greater accuracy. Merors in the

velocity magitude by 1 *3 */se. and errors in heading of voloelty by 0.1 - 0.Be

result in change In iailuau distance between AIS and Venus by 100000 kn. Such a

deviation agnitude is also prodced by a e inates error in fibe tim of reeket

Deoviations In the trajectory of the AIS front the Venas my also take plass

as result of the fact that the position of Ten=s Is known only with specific aoc-

curacy* Th. basic source of these errors in the insufficient# for the given purgoe.

accuracy of measuring the astronomical unit (mean distance frois Xorth to Stan),

determining the scale of the solar systemt

At sufficienitly accurate AIS trajectory masurmts over a larer pert of

the flight the astronomical unit can be defined more closely.

For the launching of an AZS to Venus with the aid of c multistage rocket was

first orbited a heavy smemide Zartki satellite. The satellite travelled in orbit$

close to eirculaxg - with mizimmu distance from center of the Earth of 6601 kx4

msima distance from center at the birth at 6658 ke an 6.5 Inclination of the

orbit toward the oquatere

The eoeaic rocket was blasted off from board the satellite in a ptecalculated

point of the orblit. When the flight velocity of this rockst relative to the lusrh

became Spmateu than the secoad cosmic vlelsy (escape velociy) by 661 u/see the

rocket escaped Into a precalculated point in spaces the power plant of the rocket

vas shat off, and ftom It bobs may the ALS. Xts free flight alsag a trajostery

toward Tema~ Uas bepn.

Thus vas realised the first launching of a gaided, unit from board a inmode

Urth satellite aloft an interplametary path.
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Further travel of the A18 is under the effect of gavitatimal foreo of the

Butho Sun and plamsteo

Vithia the terostrial sphere of actica the AIS moved over a eurve,, close to

a byperbolao situated in plane , passing through the center of the North and mn-
alternably'. oriented relative to the stars This plane is cloe to the

planee In which the satellite moved*

As the AIS got awa arbor and farther its velocity with respect to Zeith

decreased gadually. The AIS reached the boundary of the terrestrial sphere of e

* tim an February 14. 23oo Io Moscow tim and had then a velocity of about 4 ka/see

relative to the bltho

The velosity of the AIS relative to the on o which is obtained by adding

the velocity vector of the hrth relative to the Son and the velocity vector of

AID relative to aruth, at the mmet of escaping from the terrestrial sphere of acm

tiLm olalld 27 .7/see

After this the moveat of the AI followed over an elliptical orbit with

focus In the eonter of the fea. This orbit Msa

nazinm distance from the ema (distance in apheliem) - 251 million km

ialfmu distamee from the %ma (distanee in perihelion) - 106 millioa kmo

Inclination to the plane of th erlptic (loe to the plane of the Dertho

orbit - 0.50.

Planes of motion of hrtho Venm and AID we slightly inclined to each other.

On fige4 is show the movement of the AISo Rth and Vons in projootioa on

the plans of the lrthts orbitl The sinltaneous position* of ilatho Venue and AIS

are c nected by straight limeso At the beging of its movemat ardoind tse Su

the rocket lagged behind the Bith. Not long from the spring equina the Sa, AIS

and the Bhit wore apIesmIzately a ms straight lito. The rockst thn took over
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the 3keth In an angular mvemt arouai the W4 Mhe distance from Keith to AIS

duringc It entiee 70gh towarcm enu oecniasyada h o ta

aproach It erehd0 flil onar Vneusie mtumyadtthint

7he eagle btween directimns from the center of the Ban to Keith at the moment

of take off and to the Venus at the inment of approaching it was 120.Th. time of

travel of the AI2 up to the point of approaching Venus was not much over 3 mtmho.

The approach to Verne took plage OR 1"4 of the mnth of Ibky 1%)..

See page 174a, for Figure 158

116.158. Movemnt of AIS relative to &un (in projection on the
orbital Blame of the Aker)

I-position of Keith at mment AIS approached Venus; 2opcsiticn of Keith at mmnt
of blast off;1 3- lIt" of AIS orbit angles; I is position of Venus at mment of AIS
approach; 5w position of Ve~u at the mment of blast off;1 6- Sung 7-orbit of Venus;I
8-orbit of Earth; 9- direction into point af spiag equinozo

Venus, just like the Keith, has a sphere of action (radius 600000 in). Within

that sphere the influence of Venus on the Movement of AIS was prodaimt over the

influease of the Bsen

N4evement relative to Venus within its sphere of action followed along a tie Ject-

ory, close to a hyperbola, with focus in the center of Venus*

Calculation of the orbit in accordance with obtained masureiasut datL shovel,
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Fig. 158, Movement of ATS relative to Sun
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that minima distance from the AI8 to Venus vas less than 100000 km.

It the iWtrplanetar station would be a bright point# then it would be possible

from the ground to observe the movement of the station on the background of sta.m

tiomsry stars., Its path over the celestial sphere (tiruament) is shown an the astral

chart (fig. IM)

See page 175a. for Figure 159

Pig*599Visible movement of AI8 (Unbroken line) and Vowus (dotted line)
over the celestial sphere (firmement). Nmers designate position of £18 and
T~me within each 2i4 hours, of flights Along tbe vertical azis are indicated
deviations ( In dearees), over the horizontal - direct assent (in his.)

At the beginning of the moment the displacement of the station relative to

sters was repid. After leaving Usi terrestrial sphere of action the station was in

the region of the firmament situated on the boundary of Cetus sand -lses castollao-

tiomes in the center of a triangles maeo up of beta Aries$ alpha Pews.. aid beta

Cetus stars, By this time the uAgular displacements of the AIS over the firmemat

were already mes lower* Along this section the £18 travelled relative to the

Borth approzimtely along a radius,

Nezt the movemat of the £18 over the celestial sphere, as evident from

the chart, became similar to the movement of planests. To the begiuning of hyril the

£18 van In the Pises constellation, moving at so-called retrograde motion, She point
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where tbe retrograde motion changes into straight, bears the name of standing

point* Direct movement among stars continued up to the point when the station

approached Veaus, which took place not far from the epsilon PAes star.

Venus at the moment of AIS take off was in the Pise* onstellatiftmoving

among the constellations in a direct movement* The direct movement has slowed down

aradually, and toward the E of Yareh Toes came into standstill,

After the standstill began the retrograde movement of Venus, which lae4 to

the beginning of xwy 196., then it changed into direct movement. On this section

of direct movement of the Venus eae about the approach with the Also

In Iable 35 are given rounded off values of distances between AIS and the Earth,

Venus and the San and values of direct ameat angles within each 10 diurml perieds

after the start.

( Table 35, Distance of AlS from Barth* Venus and Sun

Nof Date (soro bra Distance of All Distoof AIM Distoof AIS DireAsceat In-
point universal froan 1ae*hbml from Ves from &M at AlS in elin-
ca draw- time) lion kn. mille -4.0,- brbh) & atas
logo mira(a) of

AXn
I 1J(8 3.4 74 145 0627M -t,09
2 6,90 142 0h2U -1,50
3 Mhr If 48 .138 AGoP -2,0-
4 ar 15 36 34 Ob1OM -2,250
5 AW 21 27 12n oboes -a.so
6 Apr M 2 12A 0610S -4,2M9
7 A5 ? t3 fig 0e"p 0,0.
8 Mty 4? 7,5 Its 063P .,0o
9 o 3,1 oh1 0m- 4%40
10 ey ess than 0 6,.

lbasuuing-Control Outfitting of AIS

To control the Al8, establish its orbits and two-way ecemusioatiom with the

All ws constructed an a temated radioteohnical metering arrangement.

The entire flight trajectory can be broken down conditionally into thre.
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sections: section of flight of the heavy man-made h1rth satollites section where

cosmic rocket starts from board the satellite and section through which the AIS

moves under the effect of gravitational foroes in direction to Vens.

Measuring the trajectory elements of the heavy inpawde satellite was realized

by special mas situated on the territary of the USSE. Data about the perforsmnoe

of units and components of the satellite were picked up by radio telentering stations

met up over the territery of our country and by special ships stationed in the oeesna.

The launching of the cosmic rocket from the heavy satellite was controlled by

telemster ing system,

After separation of the AIS was activated a measuring set of the near pend

section, intended for carrying cut orbital and telmestering masurements. At each

measuring point of the near pound sectioa were set up radiotehnical tranmittifg

and receiviag-reerding deviees, perabolie antennas with progam veotering in-

strumnts,

Determination of actual trajeetory when the AIS was removed from the hrth at

a distance of 100000 In was realised by radiotechnical means of the Long Distance

Comic Radio Cemmnieatmon Center. This center also picked up the telemutering in-

formation and controlled the eqlipment of the station. Over the cmand radio Lim

were connected and disconneeted the corresponding AIS instruments.

The operation of all media of the AIS was carried out in accordance with a

special preem, which determines the duration of the cownicatien seances, their

perieeicity and operational conditions of the installation.

To pick up radio sipal at greater distances narrow band low..aoas receiver

units were used. this calls for sufficiently accurate calculation of the valaes at

reelved an emitted frequencles with consideration of the Doppler effect, To mis-

tain coastant fr quessy at the input of arrew band receiver flteros, of receivers
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situted an the interplanetaxy and at the metering point a pronosticating

Doppler correctiom was introduced Into the emitting and receiving frequency*

At points of the Loag Range Comic Radio Oeimunoation Onter larger Antenna

installations were constructOd allowing to pick up radio siguals from sooos,

removed at huge distances from the hath.

The antenna can be vectores into any given point of the celestial sphere vith an

accuraoy of up to several angular minutes* Vectoring program are autmatically

introduced into an electronic computer, hich cntrols the antenns

All measurement data are transmitted over an autometic line into a coordimatis-.

eomt i sg ceater, where the trajectory mamsements are Meesased with the aid of

high speed eleetroxia eenpters, forecasts are made regarding the movements of the

AIS and antenna vectoring programs are calculated. The coordinatin.co"mputi eente

supervises all the ground metering servies In accordance with a set up weum
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Chapter VI. Soviet Cosmic Ships-Satellites

First Sovie ship-satellite

i On May 15, 1960 the USSR sent up into orbit a man-made Earth satellite

of the first cosmic ship. The launching was carried out for the purpose

of finaihing 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

cosmic 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 followings

orientation system, securing specific 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 Operation of instruments carried on

board ship, transmission to Earth of telemetering information and realizing

conmunication -ith ship;

temperature and air conditioning control systems and many other systems.
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Power for the equipment on board the ship was supplied from chemical our-

rent sour@e mad from a solar battery, automatioally oriented toward the Sun.

The radio transmitter "SIGNAL" mounted on the ship-satellite operated

on a frequenoy of 19.995 mc in telegraph and telephone oonditions.

The ship-satellite with the aid of a powerful oarrier-rooket was lifted

into given orbit, close to oiroular.

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 rin, at a 650 orbital inclination.

After being lifted into orbit the ship-satellite was separated from the

last stage of the oarrier-rocket. The last stage moved in orbit, close to

the orbit of the ship-satellite.

(During the flight of the ship-satellite the ground meaauring points,

situated over the territory of the USSR, carried out systematio observations

and reception of scientific information about the operation of the devioces

and equipment of the ship. After completion of the investigation program

the ship-satellite was to begin its descent with separation of the pres-

surized cabin from it. No provisions were made for the return of the cabin

back to earth. After studying the flight conditions in cosmic space, check-

ing the functional reliability of the experimental cabin and separation of

same from the ship-matellite, 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 conformity with the flight program on Usy 19, at 2 hre 15 min. Mosoow

time a command was sent up for the descent of the ship-satellite namely by

connecting the braking power plant and separation of the pressurised cabin.
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The decelerating power plant functioned 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 operationoof 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 beoame deflected from the calculated one. In consequence instead of

decelerating the ship there was a certain increase in velocity and the ship-

satellite changes onto a new elliptical orbit, situated practically in the

1revious plane, but having a much higher apogee. The perigee of the orbit

became equa 307 kin, 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

t orbit. On July 17, 1960, during the 1019th round trip about the Earth it

qntered the dense layers of the atmosphere and ceased to exist.

Oservation of the ship-satellite and reception of information from it

after its transfer onto a now trajectory continued.

An result of the first launching of the ship-satellite were obtained

important data:

tested was the take off and flight according to given program of a

powerful carrier-rocket, which secured orbiting of cosmic ship with high

accuracy;

In the process of flying was carried out reliable control of the ship-

satellite and its orientation;

during the entire flight the air-conditioning and temperature control

system functioned normally;

the radio mans of the ship-satellite, intended for transmission of cow-

mands to the ship, for controlling its orbit and transmission of telemotering

181



information oarried out their mission suooessfully;

the auto-orientation of the solar battery on the cosmic ship was cheocked

for the first time;

communication with ship-satellite in telegraph style was normal. In

telephone style, when realizing relay of ground station transmissions through

the equipment of the ship-satellite, there was too much noise interference

with greater distortions.

The launching of the first Soviet ship-satellite was the beginning of

a greater and more complex operation on the creation of reliable cosmic

ships, intended for man-flight.
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Seoond Soviet Ship-Satellite

On August 19, 1960 the USSR launched a seoond cosmic ship into oribt of

Earth satellite.

The weight of the ship-satellite minus last stage of oarrier-roeket was

4600 kg.

The hhip was lifted into orbit, olose to ciroular, with a perigee of

306 km and apogee of 339 km. The initial period of ship's rotation was 90.7

sin., inolination of orbit to plane of equator - 64"57'.

The basic problem of launohing the ship-satellite was further develop-

ment of systems, guaranting the life activity of a person, as well the safety

of his flight and return to Earth. During the flight were oarried out numer-

ous medioal-biologioal experiments and realization of a program of soientific

investigations of oosmio space.

To realize flight of a cosmic ship-satellite with living matter on board

and safe return of same to harth it was neoesary to solve a series of oom-

plex soientific and technioal problems, seourings

controlled flight of ship and its descent to arth with greater accuracy

at fixed point;

conditions for normal active life of living substanoes in cosmio flight;

reliable radio - and TV communioation with cosmic ship.

All these problems have been solved successfully. Having completed the

orbital flight, the cosmic ship together with its passengers - dogs Byelka

and Strelks and other living substances have safely returned to Earth.

This historical achievement drew closer the time for direct conquering by

man of the near solar space.

Faultless operation of all systems, guaranteeing the orbiting of the cosmic

ship, as well as high structural data of a powerfull oarrier-roket enabled to

reach an oi' bit, practically no different from the calculated.
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Arrangement of ship-satellite

The cosmio ship-satellite oonsisted of two basio oomponents. cabin of

ship and instrument section. In the cabin were situatedt

apparatus securing active life of animals in flight;

equipment for biologioal 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 etc.);

automatic systems, securing the landing of ship;

apparatus for autonomous registration of data regarding the functioning

of instruments, as well as physiological data of the test animals along the

descending section;

Ijeotio capsule with two dogs.

In the ejeotion capsule, in addition to two dogs, were 12 mice, insects,

plants, mushroom cultures, seeds of corn, wheat, peas, onions, certain types

of microbes and other biological objects.

Outside of the ejection 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 soienti-

fic investigations (instruments for studying cosmic rays and short wave radia-

tion of the 8un); temperature control devices; decelerating power plant.

On the outer surface of the ship were situated rudder noseles and balloons

4 (cylinder*) 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 prevent burning

up of the cabin along the descent section. 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 activities of the experimental animals,

have been provided by a regeneration and temperature control 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 points;

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 commands from

Earth. On board the ship was installed a highly accurate-orbit control system.

Power for the equipment on board the ship was supplied from chemical cur-

rent sources and from a solar battery. The solar battery was situated on two

half-disks with a diameter of 1000 -m, oriented toward the Sun with the aid

of a 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 oarrier-rooket. During orbital flight the task is being carried

out in acoordance with a fixed program of its basio system; orientation

system, telemetering system, temperature oontrol system, soientifio and TV

apparatus, as well as the apparatus providing oonditions 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 plans

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 orbit.

The flight of the ship-satellite was tracked by ground stations, situated

over the territory of the M23R. The obtained inforat ion was tramsmitted

automatically over comunication lines into computation centers, As result

of processing these data on electronic computers were obtained accurate

elements of the ship's orbit, which provided the necessary prognosis of

further moement 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 select the exact time for cutting-

in the braking (deoeleratin) power plant with consideration of the real values

of coordinates and velocity of the ship-satellite at that particular moment

of time. An error in ship velocity of 1 n/sec leads to a deviation of the
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landing point hv almost 50 km, An error in true altitude above the surface

of the larth, 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 prognosis data, as well as in conformity with

telemetrio measurements, which oharaoterised the operation of the airborne
equipment, from the ocordinating-oomputer center in accordance with a preset

propm control commands were transmitter to the ship-satellite in cosmic

4elspace.

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).

(1
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Fin 160, Flight and loding of con o, shii)-matellits
W-eceloration with jet engines 2..descending trajectory; 3-1Landing region for

cabin of comic ship and the ejected capsule.

To make the ship-satellite descent from orbit to Barth with the aid of a braking

power plant It was decelerated toa velocity of notion as required by calclatiom.

The descending trajectory ms selected so that the overloaftd £uring the entry of

the descending ship into the dense layers of the atmsphere 9 and the tiN. of theirw

action should not ezceed the values permissible for living orgenisms.

After the ship changes onto a descending trajectory the Instrument section Ise

separated from the cabin., The Instrumnt section burned up when entering the deame

layers of the atinsere.

Along the descoodiqg section the cabin was decelerated in the atmosphere by a
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special braking system. Dropping down to an altitude of 7000 R6 the cabin flew

from the moaft descent bepn about 11000 kn. NKxiinum overloads during cabin

deceleration in the atmespkere amuunted to 10 unites

At an altitude of 7-8 thousand km upon omndz from barometri. relay stations

ths lid of the ejection hatch was thrown open and the capsule with the aninals was
oatapiited out (ejected) from the cabin of the ship, The descending trip of the

capsule was at a velocity of 608 W/ee., and that of ship cabin - 10 W/ee..

Zinediately after the catapulting (ejection) of the capsule radio direction

finding systems were cut In, intended for finding the direction of capsule and

cabin at the tim of descent and after their landing* landing of animalspvhich mad.

the flight on board the ship-satellite, could have been carried out directly In the

cabin of the ship, but for the purpose of operating the catapulting system~vhich.

appears to be a reserve landing system. for future man-flights, the capsule with

the animils vas catapulted ejected) during flight.

The high lending accuracy of the eh*Wsatellite (deviation of landing point

from ca:lculated was less then 10 ka) Indicates high perfection of the ship* a

control sy*sm and the accuracy of determining the orbital *eements by groun

mstering units, the error of which bae a direct effect an the deviation of the

landing point. After the landing the cabin of the ship and the capsule with animls

showed no sips of damp , which indicates the perfection of the landing system*

Providing conditions foe vital actiAties on board the ship

Foe nornal living functions of the animis specific atmspheric coaditons In

the cabin are needed, Therefore the basic requirements foe an airtight ship cabin

were as follows$a

maintenance of barometric pressure, close to pressure at son level, at an

oxygen concentrationa of 20-25% and carbon dioxide concentration of net mar tan
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maintenance of air temperature within limits of 15 - 250C and relative humidity7

within limits of 30 - 10%1

purification of air from toxic admixtureogformed during the operation of cabin

devises, as veil as by *he animals In the process of their life aotivitiese

Two such dogs, lie Belim and Strelkag require B - 9 liters of oxgen per hour

and exhale during the respiration 6 -7 liters of carbon dioxide per hour and 0,25

liter of water within a diurnal period. 1akijainto consideration that the normal

life activity of a dog is disrupted upon a reduction in oxygen content to below

18% and at an increase in the content of carbon dioxide to 2-3%# it will bee am

apparent# that without adoption of special measoreG In the cabin of commis ship

the animals ma parish rapidly*

T'o secure for the entire tim of flight normal Vas composition of the air, Its

temperature, pitssaire and humidity, the cabin was provided with an air conditioning

system, which maintained the atmospheric paramters 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 or

the cabin and generating an equivalent amount ef oxygen.

The eoplcrmmnt of chemical compounds for the regeneration of air in cabins of

mual volim encounters, however, considerable difficulties, am of which lie in

the fact, that the rate of oginm formation does not always met the requireset

of living organim, To maintain equilibrium between the liberation of aygs and

the domad for sam by animals it becam mecessery to MWIDt special devics, auto-

matically controllimS the rate of asourption of carbon dioxide and water vapors

with the formation of the neessary amount of oxygen. This autotis control af

the regneration groses is carried sat by a very simpie and reliabe ccnstittion
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4; a sensitive olemantq reacting to ch ge in operational condition Of regeneratio

nut o the wholOe

A reduction In the amount of Wgen and an increase In carbon dioxide concentra-

tios was abserbed (picked up) by a soswing eloment treasaitting coresponding mig-

halo to the telemtring and operational asohanioms In same of excsoive formation

of oecygs the operational mechaaim was autmtiesally activated, as result of whisk

the oabix was fed with air only partially eached with oxygno

tke givesn air presmore in the cabin was maitained automtically. Ispeoially

developed dilters secured reliable purification of cabin air in ase it beom

contaminted with te io chemical iapities, liberated as result of the vital activ-

itLes of the animals and during the operation of the devioeo

Bata about the operation characteristics of sensitive elements and about the

f parameters of the air in the cabin were transmitted over the toleterig system dewa

to Bath.

Numerous experiments, carried out under labeoratury conditioms 9 showed@ that

the developed air conditioning and regeneration system secures reliable miaiteanee

within given pressure limits$ relative kimdilty as well as eqao cad carbon diezine

conoentratims in the air of the airtight cabia,

Ite problem of creating the mo0essary conditions in the cabin Includes also the

i~atenee ot given air temperature.

Se dogs and other animls which took part In the flight were capable of endur.

I greater flctaties of the surrounAdlg temperature. However M readying for

the flight the job was celate mazlmm favorable temperate emditlemso he fet Is

that considerable deviatils of conditio from anomel expose the animal to seli.

tics of more or less largs additiomal load, requiring correspoadiag strata of the

pbsiolcgcal mechasimmo, controlling the vital a2tivitIos of the orgemim.
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this in turn, would create an unfavorable baakpoual foar the sedurafle4 Of basic

conditions of condo flight - gorloedog weightlessness etc .Comsequent3.y the problem

cam up of mintaining the given air temperature with ver nrrow fluctuations.

In solving this problem it was neeassRy to overcome a series of difficulties,

a majority of which is connected with the inconstancy in the rate of heat libera-

timn by the animal and the apparatus. But at the same timg In order that the air

-temperature should aot go beyond the given limit the amount of tapped (dish ued)

heat per each period should be within strict coaformity with Ito entry*

To eliminate heat fromu the cabin of the ship was used a cooling unit with 3LIg-

uid-air radiator. The liquid refrigerant cam to the radiator from the ship' e

tkeriegulatiem, system. Delivery of refrigerant was controlled in relatica, to the

temperature in the cabin Such a system secured stable air temperature smintene

in the cabin du"zring the entire flight.

To mintain given temperature In the instrument section, and stable tempera ture

of the coolant the ship was provided with a radiation heat exchanger and leover

systoe.!h heat from the airtight instrumnt sectin filled with am* was draw

off directl~y to the radiation heat ezebsang situated an the body of the instrum-

ent comprtmmnts

Feeding and wtering the experimental animals during the long flight an the

manumade Barth satellite involve certain difficulties, connected minly with the

conditions of weightlessness. Ibis eliminates the possibility of serving the dog

water In an open vessel because the liquid can be carried awy esily and it will

become inaccessible for the animls. Solid food, intended for feeding under carnal

tions of weightlessness, should not crurble and break into pieces.

A simple and effective method of surmounting the euyuerated difficulties In

the use of viscoags gel like ixSture* containing the accessary nutritious sub-
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stances in sufficient amount and simultaeously also 1e necessary amount of water,.

This combined mothod of feeding animals was applied f4 the first tim to conduet

a biological exporimnt on the man-made brth satellite carrying the dog I&7ka.

On the basee ef caloulatioas and numeous experiments was developed a car-

esponding preseriptica for the oembiaod feeding fltu*e. ftch a feeding mixture

has a jolly-like cq s$W aut posseses eufficient' coesieo with the wall, of

the feod beo

To portion cut to the experimntal anim3s their daily allotmnt of feed

dixture the constructors developed a feeding automst.

To pwgtect the feed mixture from spoiling it was subjected to sterilization

in an autoclave at a teqeraturoe of 11OC, which offered reliable conservation

of ame

When testing the animal feeding system under round condition it was found,

that dop feed for a longer period of tim on the combined mixture from the auto-

matic feding bcg, they lost no weight and suffered no thirst. It is necessary to

point out, however, that the use of combined feed required and long systematic

traiaing of the animals in accordance with a special program under coaditions

close to flying condition. on board a cosmic ship.

For the mice and rats were developed special cag es. Along their walls mere

situated tubes - feed bemee which were filled with dry nutrient briquettes,

containing all the necesseary nutritius substances. Water was in a separate little

task and flowed into the eos through a pipe with wick. fte nee and rats were

PC- abd to mauch a mthod of feed reeovia

Catapulting (ejection) espeule (container) for Animals

the eatapulting containor, in which dogs yelka and Stella were placed,
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appears to be one of the container variagts, developed for man-flighto

The shape of the container was chosom with consideration as to secure* after

* the catapulting* stable ponition of container axis relative to the velocity vector*

The container hel the follovine units and systems

cabin for animals with trough, feeding autnmt. sanitation arrangement, air

conditioning system et;

ejection and Wrotechnioel mana

radio trenmitters, intended for finding the direction of the couainerl

TV camsra with illumination and mirror (reflecting) systeml

blockcs with nuclear photoemalsise

Arrangement of the systm is shown in fig.161. The cabin was made of sheet

metals In it were placed trough for placing the animalso feeding automat.anitation

arrangement,

FigeIoI Hermeticall sealed animal cabin in ejection container an board
the Shiu-satallitI

1-bottle of air supply systM 2-the Noteiaoical mcheanim of ejectical; - radio
direction finding unit; 4.; special storage battery for heating microbe test tubes;
5-stOrage battfry; 6- special scientiC e.AMMRS unit; 70 ejection contaer;
8-oveamst foool sIrtight animal eaMan lOssacrophome; 1la radio direoolOe
finder anteana; 22-input and output valvea; 13-N aal 14Adrr; I-vemtlatia
16-embized foed macealim.
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On the very trough were situated the movement feelers and automat for sieasuring

blood 1;ressure of the animals. On. the upper bottimene d in form of a removable

lids were placed the TV casraie illunination. and mirror system. fan and block of

microorganism containers.

In the cabin were secured containers for sull, biological objects and a nioro-

phcme, enabling to estinmte the noise leve:l in flights

All the systrn of the eJeetion container (fig*162) with animal cabin were

designed for longer stay in comic flight*

1a.lE2,3ection coatainer with animl sage
top -right view I bottoms loft TIeM.

W~evision apparatus of cosmice ship

Objective data on the physiological functions of experisiental anals cannot

be fully generalised, if no possibility misto for simaltanecus direct obseivatien

of the aninalso The TV system of the ship-satellite provided the physiologists with

such an opportunity, imaes transitted from board the ship at the tiE., when the

( ship-ssatellite wae in the zone of action of round receiving polats, wore recs!4W&
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on motion picture film. Sinultanecusly e the very saw filM with an accuracy of

up to 1 frame were recorded time markers, ynebronized with the tim zerkors, re-

Produced a telemstering tapes. In this was by campaing the film it was possible

to determine how the animal behaved at the given moment of time and what physiolo-

gical ohanges accompanied thee or any other activities of the ani=:l.

When constructing the TV apparatus a number of contradicting requirements cam

up. On one han, it was neessuary to seeure high qpality of the imge, a the other

hand, to reduce to a maxium extent the weight, overall dimuensios atd, particularly,

the power requiremenat of the apparaftas The scientific problem of transmitting in.

formation on the behavior of the animals and coordination of their movements, allowed

for a considerable reduction in the parameters of the TV-ia ie number of scanning

Lines, frequency of frame thus sharply narrowing the spectrum of the WV-siuals,

Taking under consideration also the technical factors - in the first experiment

it was found advisable to work in a possibly more narrow frequency spectmm, in

order to gamntee against possible frequency-phase distortions which could have

originated during the transmission of speotm of several me

The selection of moh parameters provided the possibility of creativ a highly

econooial and reliable radio channel with geater supply of energy with an ia

stisfying the requirements of the given problem.

On board the ship were pleaed two nll else TV eaw . One, situated direct-

ly on the container hateo through the window of the hatch were transmitted Imaos

of Byelkm antas a front view. he second camera was placed in the cabin of the ship

MA through the &S window of the conta lnr transitted iages of Streil a

profile (fig163) ,

TV tranmission began long before the take off of the ship, The condition of
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the animals was observed on the take-off sec tics at the momsn* of change over from

overloads into weightlessness and then during all the turns, when the ship-satellite

was In cooanizatica with aW ns u of the ground receiving statone (fig#16&)o

Connection and disconnection of TV cameras and auuiliary illumination waB realized

upon cmmds from the b1rthe The cameras were connected altersatelyeThere was the

possibility of switehing ova the cameras at any given moment of transmissi@16I At the grcund statios in addition to visual observation devies. were placed

duplicate recording devices, in vhich all steps have been taken to sure highly

reliable registgAtioae

Mhe obtained TV film are of greater scientific and perceptiona iznportamsee not

to menton the impressica, which the vieim ezpariencess having gpined. the possibility

with 'his ova eyes' to take a look into the cosos.

Great also is the puarely technical value of the first experiment on the trans-

mission from corss of images of moving objects* It yielded highly valuable expe-

rises 9 which will enable in the future to develop and improve comc TV system.

MedicalwBiological Investigatious

The basic problem of medialobiolgcal experiment on the cosmie ship-satel-

lise were I

studying the life activity characteistics of various anils and plants under

conditions of cosndc flight*

studying the biological effect of basic cosmic flight facters on living or-

Smniem (ever loafs, lasting weightlesmess, change over from reduced weightsaeu.

to inereased and vice versal

Studying the effect of cosndc radiaticnas n animal and plat organism (am the

state of their vitality ad heredity)l
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cells (Helicells) and mUall preeerved sections of hulan skin and rabbit skine

In addition, the ejection container contained four automtic bloelementa with

culture of oil-acid fermaentation baeilli, with two bioelemente situated in a special

thermostat, and two in a nonheated container*

The experiment was preceded by greater preparatory wrk, including the development

of investition methods control and recording equipment, as veil as preliminary

experimuents, in which was investigated the effect of individual factors on the

state of animals and plants, necessary backgound and control experiments.

Whnen readying for the biological experimnt on the cosmic ship-satellite in role

of basic biologcal species were used traditional labratory anims dogs, the

norul phyeLology of which has been well investigated*

Fia.16ayelka in var ioas inmte of flight
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These animals submit to training and resist various physical effects. The presently

applied methods allow with sufficient accuracy and ease to record various physiol-

ogival 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 degee of freedom

of movement in the cabing color - qualitative and contrasting observation of the

movements of the animals through the medium of We Preference ws given to so-

called I pure breed dogs B , which were distinguished by high resistance to actions

of various outer conditions* Great importance was attached to the type of nervous

activitys selected were dogs of strong, balanced, movable type in which the condiw

tional reflexes necessary for the experiment have been easily developed.

For the experiment were taken nature dogs in the age bracket of from one and

one half to three years. The animals were subjected to thorough physiological and

clinico-veterinerial investigation. To record arterial pressure operrations have

been performed to bring out the carotid into the cutaneous part of the neck. For

reliable registration of cardio biocurrets under the skin, were applied electrodes

made of a special alloy.

As is known, duridg the flight on a cosmic ship the experimental animals should

be confronted by a whole series of unusual factorsa greater accelerations, vibrations,

noise, long stay in a hermetically sealed cabin, feeding from automatic devises

and realization of natural organismal functions in special clothing.

To train for the experiment the dogs underwent a longer period of training in

a model of the cabin of the ship-satellite with a fixation systemallowing the

animals to carry out the volume of movements necessary for normal life activity.

The time of finding the dogs in fined position was increased gradually.The dogs

became accustomed to wearing sensing elements, fixing clothing and sanitation
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devises T he roaean of animal training included also training of dogs in being

fed with specially pepared miztures from automatic deiesog to which, as

a rule the dogs became easily and rapidly aocustosd

ing the oooss of training was carried out a neater nmber of eainations

to determin the resistance of dogs to aooelrations, Bach of the chosen animals

was subjected several time to the effects of acoolerations on a special steando

The ezperimental results alloed to establish the satisfacteory endurance by exper

imeatal animals of overloads with slight individual flaoteatLons of the physioleg-

Loal Wpaaterso

As is knows, alsmg the section of ship orbiting the organism of the animal

is subjected to the effect of vibrations, which can definitely affect its oodim

tie.. To explain this Iwoblem exporimnts were carried out by the results of which

it was possible to estizate the satisfaetcry endurance of the animal of vibratins

antl ated in flight. In additico separate srelos of ezperim nts have been a"

to oxmine the individual rosistane of animals to the effects of shook overloads

(taking plas during ejection of the oontainer), reduced baromtric prosso

how end lewer tempeatureo

After cletigthe whole cycle of training and testing for participatin In

in the flight experiment were chose. dogs Dyolka and otrelk (fig165)o

Both dogs passed reliminary training and testing jobs with satisfaotion and

were then pssed In ef light condition.

To control th condition of the animals In flight and to solve the ibosileg-

Lal ]woblems of the oxporimnt a special nt of medical investigption devices was

developed. 1Iis set secured the recording of the physiologioal functions of the

experlmental animals in flight of the oomio skip*

Daring the flight were recorded the followlg pbWslologieal oharaoteristioos
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art ial presurs loetreoeriepane tonicity of the heart * respiratoy frequen-

cyo body teorsturo, material activity of the animals.

Together with this were fixed data en barometric pressress temperature an

humidity in the airtight eabin, as voll as control data on the f uctioninS of Sys

tem providing conditines for life activities*

With consideratioa, that the basic purpose of animal experimentatioa Is the

training of man for flight into comic spaso, eaeter attention has been devoted

to problemo connected with the study of the fuactioning of the material apparatus

of the animals , and In particular the co"ordination of arbitrary movemeatse lo

this was used televisie and special movemet sowsing devieso.

The TV film photographed on the ground allew to estimate the beavior of

the animals in comic flight. In combination with informatiens received from move-

mat sosing devices they ean provide material for Judging about the state of

higher functions of the central nervous system and about the adaptation of the

animals to weightlessness oditiems ?hanks to the presene on if film of single

Sim markers each movement of the anAml can be canected with greater accuracy with

the already available at the given amment valaes of any given physiological fun-

tie.

In the animal cabia immdiate vicinity of the dogs, as well as em the clothing

of Belka and Strelka we placed individual dosimeters f r wasuring laoising radia-

tim. Returmed together with the animals back to art'h the decimetes yielded data

an the effect of charged particles e the animals, effect of eslectremnaetic radi.-

tim and of eutroms, included ia the compoItioa of comic radiatio.a

IavostipAtion and evaluation of the biological effect of various facters, connest-

ad with omi/c flight, and above all the study of the biological offe$ of cosoi

radiatioa, which represnts a highly ompez and, varied problem4 requiring the ino
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volvemat of the met variegated Investiption methodas physiaoals general cliic e,

pbisolo4icalo bloshemical mierobiologieal uimnnzlogi.al, goantic Oto

Of peet lawctanee is the std of motabolim hsanges. It is important to

Ozplain, whether slight reversible functional changes do take place here ' are

tkeore perltent netsbolim displaomenteo For this ,mrposo ws selected a pgrmp at

bickemical Indices# whisk ehracteriso the funtions of the liver , ondocriali and

nerveus system whish undergo econsiderable changes at pester leads gaeinst tho cr-

mim, and under the effect of iemniing radiation as vel.

IS.165,irst travellers late cesmos Belks and Strelk

atjer retrnias to 'brth

Dring a nmber of mnaths prie to flight and whea trained to endure the

effects of indiviudul flight facters (acoelerati4 vibratioa) the dog. were cem-

Ied for the follewing charaeteristiess albunia fraction In blod servmo amum

nacoid, cholinsterase activity of the bloods deseitidn in the arKieo

A serious task was the examiation of the state of the eardio-vascular system

if She sa la, which completed the cod flight. Primr to flS the animals -er
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eXMmineA within a Period of several montha.1h. examation covered arterial and

vefal temicityg vaseular reactieft and respond to emorssioa 0 as -sell am akin

temperature. After returning to Ruth the dogs were again subjected to theraigh

examination of tbeir eardie-vaseular systemg and especially the state of the

peripheral vessels* mItnastloa of Relka and Strelkta dogs after return to hkrth

revealed no noticeable shanges.

A study of the imunological reactivity of the experimntal dogs created

the follewing Imotant task. Is was necessary to explains whether the offsets at

comic radiation am& other flight facters will bring about a depression of the

natural nsamsseptibility to microbes and develegmat of infectious diseases as

result et it. TUis Is the m10re so impetent, since the future Gesmeaut will have

to remaina fe, a lefger Peried, of tim in confined luetoxg of a cosmic ship.

StTOUCkaend Welke were smimed prier and after the flight to diagnoe the phow

BOMti as& bactriclid functions of the blood* end the bactericidic properties

and natural miorofloea of the skin. Theme ezamimatios am hkrth were also married

out when the dogs were under the effet of accoleratim ad vibratiemse

For all areund study of variouse functional changes, occurring in the living er.

anieMI at the tim 61 flights it Is desired to gain data on a possibly larger member

of animals. In these tasks in addition to the dogse two white rats and mice were

used.,

Uhe study Of rats began, Several Maths prior to the flight. With the aid of a

Conditional, reflex method was iffestimeted the highr nerveas activity of these

anials, the tpolegisal serastritices have bees, deterid, bleed analysis us

ade and an oleetrosardioen was taken.

Already the first OXminieMU after returning to 221tk have shown *that the rats

as well as the dogs, have wall endured the f light. 1Dwing the f light 'he7 fed well
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on the nutrients stored la the fed bases o A therough inspection of the rats

revealed no seatches or eaotstieas. The aniwds loot ae weighit they wore Armlly

active.

7.e wroam of biologlial isvestigatioms a the second ship-satellite was also

based an the use of microbiological aud cytologleal isvetitica metheds.Yhose

methods allow to solve effectively s Important woblemo as determination of

specific timI ntervals living sells eam remin i cosnio space, their ovth and

development under sueh conditiens. Tey are also applicable In studying the genetic

effeet of a eomic space faeteos especially the factor of cemic radationso

ShehearaterLete of genetie effect of those radiatioems should be manifolAq

that is wby io additia to using ani als ( eee rodena, ingsts et)o it Is also

posible to use micreorgpasms and living sells oa hain, body In tiome culture.

Tbase and others possess certain advantages In connection with the geater vase of

multiplication and correspoadfng rapid change in goneratiaos uthermereq a study

of changes In the Woperties of microergsnisz, especially suh constant Osatellites.

of huoma as intestinal baollu and staphylococci, is highly important in estim-

ating their behavior in the orgnim of future cosmautso

In modern genetic Lavestigtiess in the role of object special &eat attestim.

Is atracted by bacteriophages - ultramicroscopic agets, pwastisAg an bacteria

and entering with ome Into complex genet relatiomaio Particularly senltlve

indicators of genetic offeot of radiation ae the so-ealled lys ogen bateria,

which up=I rradiation are capable at producing bacteria~ &* Of familiar in-

trest is also the study ot the effset on aoth and developunt of mek lvi"

cells of aceoleoratLoaso weghtlessaesso vibratioa ete

Un conformity with tbese deliberatim a the second ship-satellite were placed
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various wirebiologieal and cytolegival objects. tey were ospeoially prepeed fwr

this experiment whereby the selectioa of these objects was guied by an effort

to select O lninmao widely used In laboratories of the Whole World for the

purpoe of obtaining cmparatie results. In the number of objeot were iLnoaded

intestimal bacilli cultures MC-129 for which the basic origin weore well knoWn

to mierobiologists* bacteria with the moot clearly expressed genetic obaracturlstleo

This allows to make a cuantltativo determination of the degree of genetic

chenges and to eorme thesm values with the level of radiation and quality of cos-

mic paticlos registered am board the ship-satellite by piyuical lnstrumnats.

Through long and thomgh examination of the returned cultues it will be poe-

sible to reveal the de oo of changes in the number of so-called Induced mtationso

Loe pathological i& a majority of Instanoes changes in hereditary pwoperties

Furthemermo there is the possibility of Investigating them* cultures for the Nor-

pose of establishing the offeot of radiation on the number of bactoriophoges produced

by them,.

foe varloties of Intonsitinal bacilli 3 and maoregonoalss uned In the exper-

imento also appear to be objects for studying mutatios frgeqey.

To investigate the genetic changes in the most inmate living substanes -bee-

tor4ophageso the T-2 stamen was used.

Besides the T-2 was also used the bacterlophajs~ steea 13QI21* speoifically

affecting the Intestinal bacillus of the 0eregsnLis type * It was intended

for studying the changes In the natureo€ lorsi (dissolvemsnt of bactoria, vhich

teae plase in pesenee of bacteriqOMPs ).

2Ms proess for the p]ag 1,41 system - Intestinal bacillus aege solw

as documented for the first tmo W b oyqtrap 'eric erhopdM hing and oletson

micreee.W.,
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With respect to all the mentioned orpeime was Me~t obtained a detailed

aid of the ultrathia iicreopid seetica routine.

As to the oi27".acid fermentatien microbes uwed in the experimnt, they were iow

atv te fnoeraes h eeoato c methods .ofest psibiity

adrokets* Mwe testing of oily-acid fretto ail1bsbe efcl m

tinedhisu respect*

Os that basis were developed an approved metheds and special Instruments

biooelvorst which sake it possible to record and transmit to hwrth sigposchara

stasoo- bcteia or ny "Ct oftim ofrecket flight.

Disl~sant afer ny xpeue s fISM4ca be activated by signmas from Earth

On the second ShIp-aatellite an effort was also made W use far genetic char.

acterisata of *ooc asae living cells in, tissue cultures. It is knewn, that

heredity in such cello subjected to the effet at radiation changes a hundred times

easier, then, In misroboe Bat IM pr'eserve their vitality for longer periods of time

without reseeding into new w-6ia is very difficultoJo carry ouit each an experimnt

it was acessary to select well growing cefls and suitable nftritiwa media fo
t$is

same9 ftkimg into consideration A fact ca the ship-satellite were used

caneerma ella, conditionlly called Ibl'a colls.hse ells tlwive well an

artificial media ant are widely sed for etoying gematic Woiblme, and for estyift
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the nature ef caneer. 7w the cultivation ef such cells was epleyed a netheds

enabling to obtain coluas (acuilatie) of sels on the wall f lass test tubes

in which germination is carried enos

It was established during iwevi0s tests that the colms of caneer cells ad-

here to the 1iall of glass test tubes and ape1le. with such a persistency, that

they withstand vibratiom, b cmoh exeeding US ones, which take place during the

blasting off of modern rocktso This offers the possibility during the jroeessing

ef data to give a merphologebiological characteristic of the cultures a prt o

the develogmeat eycle of which took place in a speially comstruted small thermo-

stat e beard the ship-satelliteo

On beard the ship-satellite were also exposed small sectims of human and

rabbit skin for the ;urpose of explaining the possible effet of sonde *pae fao-

tars on the particularly sensitive cell-lar eytemso

Is our time biologioalq, as well as gnetice, investigatims have been carried out

in loes eooperation with physico-chemical investigatiens. In particular, in the

last decades it was showa that chemical substances can participate in the transfer

of heroditry symptms from em variety to another* Baoh a chemical substance Is

deaswibenuleionie aoid (K)q included in the compeitioa of nuclei of animal

cello plants and microbes* It is ighl probable that this cnpo will first

reast ton aetic effects of cesmic radiation. aking this uder consideratioe ca

the ship-matellite ware placed ampoules with desayribeuleliic acse obtained

from the goiter glaad of a ealf, with part of the ampoules filled with exyg en

In this way, on beard the ship-satellite was carried out a series of purpaefu

experimnts on animnl cells, microorganisma, bacteorlophages and complex agnic

molecules i order to do everything poesible for solving the problem of viability

of sells and redlogenetic safety in comi ame.
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in addition to problems of expaidnin the effect of comic flight factors,

first of all comic radiatio]o on the physiology of ropgnasne, foundations wero

laid for the study of tho offset of these factors c berodity, and for solving the

Weblb coneerning genetic dangor of cosmio flights*

Numerms investietiom by Soviet and foreign scientists ostablished that such

types of loniing radiatiems as z-rayqs, guamays, fast neutrona and certain

other, represent a powerful souroo of hereditary ehanges In all erpism o,: incUdin

that of ma.

1por omts in the bembordnont of kuman tissues with z-rays showed, that a

domg of 10 Roentgens doubles the frequency in the origination of utationso It

was eplained tat various types of Ionising radiations have different biological

offootivoness, or mcomle fast neutrems cause me and one half to two time mor*

ulmtatiems than z-. or mn rays. The 1entic off**t of primry cosmic radiatien

could no be Investigated nntil no The flight of the second comic ship-satellite

has, finally croetod the possibility for such an Luvestiastion.

In spite of the fact that a rodominant mxbsr of mataticas Is harxftu so=

of thes under specific coodition of the iodiu can be useful fc viewing. Suh

useful antatims play an important role in the evolution of orpanie world and ins

the creation of new highly poductive staeons of microorwaime and types of cul-

tuo plantsoRadioeeloction of iereerg;nsms and plants in recent years beoms one

of tae teasd of selotifterso. ioreforein addition to explaining the pnoetic haserd

of oamic radiation it is necessary to eplan also the possibility of ising sam

for radio.sleetica porpoese

On the ship-satellite were situated the following k1ods of orpio intended

for first Liao genetic invstiptimo8 odie of two different linei,% mll fruit

flisetrushos also of tvo different line, two tradeseSana plants, Wheat seed t
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W~ ~ W moseds of tWoe types of peas* differrig In radio stability, two typo of corn

v Nomhimovsk* and '3OWOW8 beft a"d sigol =ow*s aotizesyseto fungi - WOdUSOrs

of antibiotics*

What explains the s"lction of such objects few first genetic iavostiamtionse

conocted with cosmic flight ?

Moce and , thzushes 11y virtue of a number of biological characteristics

- high rate of .altiplieatioa and change In generatioms, *&mines* of their breeding

and beemw~s of the ounrmus variety of their features, the heredity of which has

boon well investigated,, are highly suitable for genetic Investigations , Wice spend-

ing som tins in the comsume should be subjected to tharough cytological analysis

for the purpose of explaining the hbansq which night have taken place in sells of

various tisses under the offset of cosmic rays* first of all it ise necessary to moks

f a thorough smdation of the state of the chramussomic apparatus of blood producing

Grame-.

As mntioned above, in the flight participated two kinds of tUewhes (flies)

fte of these - line D..32 . Is distinguished by very low mntability under natural

conditiems 9 the Second - Lim B-16 - an the cntrary, distinguished by very high

The traessanclim plant - classical object of cytological investigations 9sia..

it posseses a smll inber of well dIstinilishable bftwess each other chromises6&

In the animl eabia were especially placed plants with buds, bease chrwssimie

tronsformatiom In tradesoaneis, oan be best observed in the cells being PWeineeci

during the formntion of Pollen.

Dry soods of culture plants - what, corn, peas . were used for the Purpose of

low"in whether cosnic radiation eauses aMy kind of changes (astatiess) in various

types and kinds of plants.
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As to adboa and nigellus, they are used basioeany for eYtological invSTigatiUs.

Ionizing radiation is widely used fer the obtainment of news awre productive

*tam&*s of actimWootos, offering such valmable ahtibiotios, as pnicoillin. stropto-

spin and others, On the cosmic ship wore placed two stern of fungi prodneer&

of penicillin . highly distingishable In raioactivity* Invostigatien of results

of then being Irradiated in comes will allow to solve the problem of biological

effectiveness of cosmic radiations with respect to the given, very important object

It should be pointed outs ftat each ome of the enumerated genetic experiments

is accompanied by strict control experiments with very som objects under nurmal

conditions f.r same This gave an objective evaluation of genetic investigmtion

laerning the laws of heredity and controlling same - one of the Important 1wob.

leas of moern natural acissne The entry of man Into cosmes heralds, the beginning

of a new chapter in then development of genetics , a chapters devoted to learning the

Iawo governing the effect of comic flight factors on heredity and eolutions devol-

pe~at of sathods fer Broteeting against the gainful, effects of these fasters &a

Utilization of their positive effects* Genetic Investigationsaon the second ships

satellite are only the first stoes In that direction.

In the plan of long asi" future f lights ces up the acute problem et goner -

atIng air In hmemtically sealed eabina and provide food for ship grew* Already sianm

ple ealculatioss show, that the use for ah purposes of chenioal reagents and food

supplies, taken on the hth, would lead to a very high initial Weight af the ship,

because the reagents, and fead taken fron the Urth will not be reproduced along te

flight.D In this connectioa within the scale of our entire planet such 3reeesseo as

carbon dioxide abserptione generation of MqWn and "syhsia of complex organi

subetaea from comlete1 eidinod. one are realized In leaves of preon Plunts as
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rosut of Iphkosyatosiso

Honeo a brpothcsis Cam into being that it is necessary to eat on comic

ships for purposes of regenerating air and derivation of food so called hot hoesuN

of poem plants, which aheerbi the eCbon dioxide discharged by the living e-

piLme wom1 preduse food and generate ozge. Noat saitable for auh ppoes are

mieresocopie goeen a4pe which develop very rapidly are distinguished t1 reter

WteoiLathesis activities and a we4ber o ether valuable qualities*

These Consideratioens established the need for studying the effect of cosmic

flight ceditieas on the preservation of vital functions of geen al p.. Chlorella

situated an board the ship wa plaed in special aupoules in different pbsiologieal

stat.s on diagomal agr and In a liquid nutritious medium and different suspension

density. The alp. were then ooposed to light and darkness as vel

scientif:ic investigationa ean ed ship.

Whoa studying comic rays a very Impeotant problem is the quantitative ratio

of various nuclei p eup in primry esmie radiation.

Presently there are se suet data on the ratio of nuclear sreasm of nuclei

belonging to the earbo, nitrogen, e=Sm proup to the stream of amlei belonging

to the lithima berylliuss bwoam p rope (most interesting fros the viewpoint st

erigimatiom of Coemi rays)* Because of this it appears to be Impossible to MWO

a final conclusion about a specific mechnam of regneratiom of cltei during the

mevemnt of acelegated prticles in interstellar speeeo To obtain now data in this

field, it is neceseary to kaft the mgitude of the ratie of strems of above mn

timed nmelear roups with &eater accuracy,

The secead coemic skip carried an apparatus . with the aid of which it is poo

&tile to obtain data o the compesien of coc rays in the nuclear Interval ot
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from helina to oxgen, For this purpose were nsed Cherekov espterse controlled. by

atelescopid device, nude up ofhaleoen. San discharge counters

When comic radiation particles pass through the instrumnt in the given solid

angle wasn activated a coincidence circuit, the pulse in which opened the channel

of phet-nltiplier. From the collector of pket.Omltiplter was takes down the sigmal,9

originating when. a ucleus flies through it.* The amplitude of the pulse at the ont-

put of the Cherenkov counter Is proportional to the spar, of t~e nclear discharges

With the aid of a special device signals of var ics amplitudes have been converted

into signals of corresponding duratica, on which were superimposed signals from a

standard generator. The number of pulses, filling up eek one of the signals, was

comuted by a sompating system and transmitter to the toemtoring system.

Parallel with the measurements of the mentioned groups of nuclei were measured

the stroa of mob heavier particles. With an integral Cherenkov computer were

measured streams of nuclei with a charge of awe t*en 59 15 and 30.

Flight of the second cosmic ship and Its return to Barth allwed to Mbain In

comic space phates of these proesesa which took plee in micreoe For this

pupose were used se-called nuclear phetecmisions. lying through these emalsima

particles of cosmic rays experience collisios with atoi nuclei. As result of the

celliioms there is not only disiaftepatiou of the sank smclei but also new part..

iceoosa ato being. Soa originated particles also experience a number of ceaver-

sioms. In the enulsie& take place aem acts of reacticn of partieles, ereated as

resualt of first collision, with the atmic nuclei of the substanee.

With the aid of nuclear phatoomalsioss is poesible to obtain sufficiently

detailed phoes of these phommmemseStniing the photoemlmioms under a microscope

It Is possible to repreduse a picture of the processes, having taken place within

billisat fractions of a second.
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it I# known, that the giant accelerators socstructed a hirth, offer the PON-

sibility of obtaining particles with an energy belew specific linit. In comi rays

are encountered particles with an energ millions of time greater tSAn that.* The

oarryikt nmclear phtomluiew Into cosmic space will allew for an effective umn

of this gSant accelerator axist"n is sutur..,

On the second cosmic ship were placed several blocks of thisklayer photoenul-

ales., with direct development of b~tetmulsioa In one of these cm beard the ship*

Dvelpmnt of pheesmalsion on beard ship after a given tim of expem (of the

magnitude of 10 hos) allows am@r reliably to separate out traces of Individual

nuclei against a general background of cosmic radiation*

Tke autonomous prograg device of the phetoeulion bleock after expi ration

of a given tim issues a coinndg by which the piston situated in the interior of

the cylinder soerates the exposed laye9rs and simualtaneously introduces lnte tUe

working volume the developer solution* The developing lasts 90 minutes, after whieo

the developer Is removed 1y the return movent ot the pl?'tom. Then fellows a am*

msM for secondary separation at layers and intredutienio of preserving solutiom.

In the preserving solution the layers ean be stored for several =&Mohs all the eVY

to the beginnin of final phetelayow Irocessing. During the processing; can be inw

vestiped, traces of relativistic asclei of fIrst comic radiation and data are

obtained on the quanitative ratio of streasm of various goups of nucli

In addition to the doeribed. pheftemalsion bloks on boar& the conde ship were

also placed three more, bleshe, eherpd with a thick layer mielear emAlsim, which

does not develop In flight.

Te M32 bleok, intended for registration of elmmentary processes of nuclear

reaiction of high energ particles ( In the as of 1012 cv end over )* had an

* - enulsica pile, compoed of mony layers of uacleer pkoboemlmica with a dimensios
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1 * Of 10 z 10 016 The thickness of eack layer was i00OOA. Between the onalsion, lawes

wee placed thix. of mgnitude of 1 -4 Itargets' mde of a light mubstance*

The presence in meleen emlsion ot silver and brocmine atem and the arranged

ItargoeRs offer the posshbility of registering the case of reaction. of hi&h energy

muleons with. heavy exulsion nuclei and with light *target* nuclei an well*

The high onerg particles (seutral-mosons) generated during acts of nuclear

reaction give rise to photon showers, for the registratioa of which a

special detectsr %ws placed in the 73-2 bleck# this detects, was placed under the

emulsion pile. This detector consisted of seven lead plates .5 =in thickness each

(which corresponds to ams cascade unit of length)* Between the lead plates were

situated naslear emlsion and lumsent indicaters of showers, thus facilitating

this dstectiou of concrete reaction acts*

Anlysis of elec tron-photon shower instances# registered in nuclear emlsion,

given a certain quantitative characteristic of same9 and about the onerge imparted

during reactions to mosons. The knowledge of that srry as well as an analy~sis

of corresponding achioeoentas registered in the emulsien pile, offer the peesibility

of determWnn the individual paramtrs of the given uclear reaction.

A comparison of obtained quantitative characteristics fer act.; of reaction of

primary cosmic radiation particles with, light and heavy nuclei wcill allow to ezplain

the specificity and offer certain oafclasioms on the UmshaMi of this reactions

Of special Interest Is the job of explaining the reaction mature of high energy

maltioherge particles 9 the study of whieh was Impossible under poand conditions,

T* investigate malticharge partieles in the composition of prim:7 cosmic radiation

the ship was egaipped with 7-1 and 1-2 photom.sion blocks. 1 and 1-2 blocks

represented eMULoR piles with. a volum of 0.8 liters each.
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One of the nerophotos of a typical nuclear eactiom recorded In the ems4a

plaed ea board the comie shipmseatlliio is shown in fige166

t

/.

lig*166, 3I, rophoto of a typical MUSLea reactions recorded in

amsim ulae embn4te ca8 -st~ie

D1j = mdt j cno shi=Raute

Mw peseaee In Interplanetary space of comd rays and radiation bands of the

earth my In mny instanees present a real dange foeinterplanotary space travellese

It has been poven experimatally In recent years# that sametims originates a

tenweary inerease Is condo ray intensity conected, net likely, with the devel-

opemat of solar activity. It was esteblished, that at the ums$ at eoien ray oem.

flapatea Its Late ity rwsen thesaawis of ti..so

Lam goerniing the time of comic ray eoatlagatea eannot be established so

We But protection apaiast solar flare us at comic radiatioe is an absolately

real Pashlam.

A is kswneo near the North exist radiation banas, reWeseating scses ot

hI iiteasive reliatio, consisting ot cbua A particles, trapped in a trape

created by the terrestrial etic fieOld
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Investigtiens carried at ea manmad satellites and comdo rocketaq how,

that asend the arl thero are two sones of high intensity radiation. 2he enter

radiation saon by the radiation compositien consists of electrons of wide eneri

specti. 2M streaam eleotrems in every diretimn constitutes x08 - l0o0 .

is6e. per 1 c2/seo

Sao strom of eleotrons Is capable of creating a surfm. decage ot abo t 106

roeatgeas per hour. Bat the electrons of the enter radiation sons are easily absinb-

ad, and already under the protection of Ig of light substance per 1 e2 of sarface

the radiation dosage In that soes will constitute oly tenths of roentgens per ke

Rzperismntas carried eut en cohmic rockets, established, that the boundary and

mmim radiation intensity in the outer seon change with tim. Tis creates addle

tional difficulties in conasidering the effect of radiation during cosmc flights.

Tat is why one of the important problem Is positive observation of the ater some

bou~y and its radiation activitly particularly in te soe of Id& gegm etie

latitudese

Particles, Included In the composition of Inner smo preferably protons with

onerg of up to L0 eve Observed axe also esleetroms the energy of which does not

oeeod 106 eve Radiation. Is the inner same Is aoe rigid than Is the m- tera. d&o

ap of radiatin, under protection of 1 g light subetanee per 1 o 2 of surfaoe ec

stitutes here abeat 10 roentgsms per Joe and decreases very slowly wit ilorease

in protaetiene

Protection against radiation in that ses rqouires the use of a geate mber

of substansees Lcmg lasting flights in te inner some with=t sp eial protectle

are connected with considerable radiation hasard.

In this way, the instability of radiation band boundaries and accidental in.

creases in cose e radiation activity maks cono radiation level control and a
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detailed invwestigatiom of the lower boudaries of radiation bands a highly Importat

ad actul task*

To solv, thes Woblem the comic ship carried a desixetering apparatas (radi0-

moter).. The capoawn s of the radometor include two Vs discharge and two scintil"

latea couters. One of the gas discharp counters Is placed under the additienal

absorbent (soree), consisting of brass and iroj. The scintillation counter with

photm utiplier and sodium odlito cryostal vere placed in one blok with te gas-

discharge counters. The second scintilltion counter with photomtiplier and cesium

Iodide crystal with a thickness of 2 am were situated on the outside. So that the

counter should not be affeted by visible light the eoslum ledid crystal as

sovered with an aluminum foil in thickness

Gas discharge counters, as well as the scintl lation oounter with sodium led*

ii. crystal yield infemtion about the =mber of partieles, which passed through

theme At the sa time the scintillation counters allos to estimte total loom

atica caused by the passing particles.

The obtained Infwmtis an the =0er of passed through partioles and total.

ieoalatie, caused by thoee particles In the estal, will yield qiantitative data

on the level (dosage) of cominc rdiation.

Su4 oft shrwtu e radiati a Is o geat scientific and practieal importano*.

In this some of te spoeirum is oconentratod the basie radiation of t1e solar casoaa

and chrmephero - very little investigated outer shells of the gone

This radiation cees certain Impotant woesseo tkin place in the terraeo

trial altusphereo especially the f, tion of iincephere

On bead the cosmic ship were mounted We types of instrum nts fa stadyi

sowave radiation of the Mus.

In the apparatus of first Ip the receiver at shertmve radiatis ws as
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open ItYPe eletro0nic ina*Liplic with electrodes made of activatel beryllium bronse.

In front of the input Of the electronic Maltiplier (electron mltiplier tube) was

*plased a disk with a selection of various filters for the separation of corresponding

zones of the shortisre solar radiation spectrum. With the aid of a relay-scanner

mashanism the disk made a smal angle tura each second, shifting a new filter in

front of the electron mltiplier tube* The following filters have been used

in the apparafts i

copper foil 0.25 - thick to meparate the some of the asecrum fromi l.J to

beryllium foil 00.O thick to separate spectral. Sam shorter than 121

al~mm foil 0.005 m thick to separate spectral some from S tie 20 1

polystyrene layer with thin, carbon layer applied on It to separate speetral

smogs from 1j4 to 1.001

lithium fluaride plate 0.5 -n thick to Separate Limes Lac with myelength at

1216 A I

calcium fluoride plate e.5 mthiek. which considerably weakens radiation

with wavelength of 121k I passing thrcugb It and &]Iwo to ,evaluate the backpomad

in. the region of line Lv and at the Sam tImm measure mar accurately the radiation

Intensity of that Liu ;

gmarts crystl plate 0.5 m thick, to separate radiatioas with onslomgth

of ae than 2500 1 .

te last filter was designated. minly far the purpoe at calculating the

chang In angle at imcidence of radiation an the filter and receivers conmestal with

the rotation of the Satellite In Ronericated. state.o MW apparatus ha Six piskaps
tbaft

set up at variosm points of the comic ship so that /,~ fice f t wn were Mot

superimposed over each othe ftis off ered the possibility of ince asing th e b.
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* ablitW of molar radiation falling as the pickup at any orientationmof the cosmic

ship In paoe. The sensitivity oftepickups wa limited is the logwae. ame o

the spetrm so as to rednoe the background from longuavo solar radiatie Signals

from the pIskups (receivers) went late a raditechaieal eircuit, at the outpat of

which was generated a voltage 9 proportional to the radiatiem intensity of the radis-

tics, falling om the photocathode* Warement results were them trasmtted to Both

by a teloeteig system.

The outfit included a control unit which secured the coirnestiom of the correspond-

Lag pickape sohanism of changing filters and other circuits only at the timg when

they were Illuminated b~y the San. Is addition there were optical sensing elements

to deterime the radiation angle at IncIdeaee em the filters*

The apparatus of second type was designated for atcuring the soft mi-ray radiatiom,

Intensity of the corona, nar the tip of the spectrum, preferably at the tim of the

flasheos~l thi apparatus vete used the mst sensitive radiation receivers - phe

counters for the given some of the spectrum$ representing self-peched. Geiger eoulb-

term with input windows of beryllium foil, serving an filter. lbasursmats were

entris out ia. two spoetral zone - 10 . 6 ,1 ad 6 - 3 L To each of the"e spectral

zones eornesponded six counters, which were pomped (benche) in three blooks, each

.me having twe counters placed under right angle relative to each other, for the

first and two counter each for the second some of the spectrum.

When. a pketoa Penetrated. into the counter aM6l fell ia the Wge filling up the

comater, a that electric disherge originated., Soe obtained entreat poss went law

to a radio blesk. In tht, radio block the signal became amplified and went Into the

oompatiag systemg sonsistiag of trigger sells. ThiS systes earted the nmbeW at

jmlses having passed during the tim Of expeee.s A corresponding Mumber is thes

double ematatiom system was recorded an an autommas memwy devise, which stored
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all recordings for a period of 24 hours up to the moment of their traundamion to

Nsrth over the telametrina systsm6 31posuro ties was 180 se, which warranted roege

istratim of z-ray radiations of the ama with sufficient Use resolution

To proect the input windows of the counters against zaray radiatioa, origin-

sting during the bombardmnt of these windows (as well am parts of the equipment

surrounding mn ) b~y fast elootroas, ezistiag is the radiation bands of the hkrth,

a aystain of npueto asd diapragm has been provided and placed in front of each

counter, The magod"s deflected aside a11 electrons with energy not exceeding

15 - 25 thossand ev., To register the backgcund. produced by higher energ else es

trems, an the muter shell was placed an electron scintillation conter*

Date obtained with the aid of the described arrangement, data about changes In

solar activities in the shortwave zone of the spectrumn ware, compared with data of

pround observatios of the ionosphere, visible by chiomespherie flashes and

other phenomena, connected with the aetivity of Cho. an to reveal correlation

betwess the processeeg toking place In the cater shellIs of the Mha and in the

terrestrial atnesphoroe

Further latanehings of MkipmSedtellitex In the WO~

After succeassful flight of the secoed Soviet ship-satellite In ecmforidtp with

the plan atoerations conneeted with the study of oossio space the Soviets launched,

thrawe soescships liftng: sams up late orbit of mosomde Ruth satllite

the baie mission of these lavuhing mes further development of ship-satellite

constructioa end davolosmunt of Its basic systoms, securing flight an d easet ot

the ship, with the purpse of readying for male cosmc flight.

The launching of the thiA fiit ship-matellite was ezeeted ma December 1,

19609 It weight nnm the Las stop of carrier racket was eacatly k%'3 kg. Altitude

ot orbital perigee was 187.3 ka, altitude of apogee - 265 M6. period of rotation.
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- 8S.o6 is

To carry out mdisal-biolgeoal imestlptitms under audities of omic

flgtthe "abin of the ship WeA ezpermeta3 afimle - dogs Phlka and Skshkof

as well as other anims, isosets aM plato Observation of til afimls during

flight vas carried ut with the aid of a radio-television set up and tole otering

system. Ike ralio trassutitter 'SAL" Installed an board &hp f uetlems a a

frequency of l9o995 no In telepaph style*

Aoed 100 hs Mhcew tUm n eDeeember 2, %60, the ship-satellitse eatimed

in Its erbital Jourey.

by that imI all the tests Intended by the propinm of testing the oonstructien

ef the ship and Its airborne equimabe as well as the mdieal-bolegial Ivesti a-

tios, have bees fully completed. Aiditonel data have bees eIaied am struetural

and functional reliability of th IndivAdual units and qssems of the ship is flig t

The results of ]eeessing the telemtering and -iLnfemtiea, obtained fres

the ship-satellite, shoed, that the dos just as duLan the revioud flight, have

well endured the perioed of orbitag Ue basis physiologioal charseteristioseohu-

aestorsl the condition of the experimmatal anims, during their May bms of stay

under weightlessness conditis were close to 4iaary values. The beavir of the

anims Ise calm, and their mevemats - eedinte4

After btainang the necessary t a see3 us Issued for the &esea* of the

ship-stallifte back to -rth. Xe view of the f et that the descent tok place ale"

a nem-saleulated traje ry', the ship-satellite ceased its ezistease upon entry iao

to the deuse layers ot the a lm prOe

launohing of the fourth ship4-atellito us reclised ea Mrchk g 161. Its voLgt

vas emetly 4700 kg. Se ship was brught into rbit with a peripeo altitude at

0.5 ka and apepe altltde of 298.8 U. Inelastiom of orbit to the plo a
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eqnsorwas W 560

Ushe ship-satellite carried an ezperimatal amul in its eabia edog Chernmul

and other objects of bioloeieal experwmatatl m.

The entire board equipment of the sbAp fuastioned vell securing the fulfillimm

of the given flight proax, The separation of the *hip from the last stage of

earrler-roe*et, out-ia of orientation syst6em connection of auteintlc devies aloag

the deseending seetiom vere realised emotly at specific tim periods. The te.

perature coatrol system mialaimed omsataat temperature in the cabin - within li-

its ef *(16 - 20)00. ftmldity of al on the eabia was 37-4016 and Pressure 760770

- Age Ohermnhka felt narml doming the eatire duration of flight. Xumedately

after reaehing orbit her plse as 120, and respiratie frequeay 50 - 60.

After omaleting the iavestigaties matioaed in the ogam the ship wes

bro-g ht a dow m the very sam dq and landed in a speelfie region.

On %we 2.59 1961 the fifth Soviet shipmeatellite ms hoisted Into erbit ke

weight of she s&ip was 4695 kg mim. the weight of the last stage of the earrier-

reokete The orbital paramters were close to ealeulateds altitude of peri4me 17891

kme altitde of apepe 247 km# period of rotatiAm 8*42 mne

Te ship atellite earried in Its eabin the deg Zveodebka and other biloe eal

objectas The antire beard eoijusat of the ship fumetimoed vel during the flight,

Afte eampletig the flight OV' m the ship-satellite upon enmad frn the Earth

us brought back fm orbit and landed at a deslated poiat of the USR*

Daring the lauehing of shis-satelli es on Jkrck 9 mad 25, 191, the pilot.

seats were eoupied by maiks. She flights vere earried i$ in aceorianee with

the very se wpe m o whick V earmarked for the first flight of a ship with a

ceummut e beard. Both fligb s which folloeod strietly aeeeNdng to pepem,
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pTO Voof of the high reliability of the shlp and allowed to undertake steps teoad

the realisati e of mass first flight on the ship-satellite RVOSTK'.

Chapter M. *ka's Firs Flight into Ceeice Space

On Apil 12, 1%963, the USSt for the ftit tim in the histery, realise the flight

of nm into comic spaee* The eosmic ship OVO i with Seviet pileteosmamaut YUoA,

gmrla en beard was shot up into orbit of an hrth satellite* Weight of ship-satel-

ite loe the last stap of earrier-reelt wos 4725 kg. Altitude of erbital perigee

wasq, aceording to definite data, obtained a the basis of peace@"3 all tse usmo-

meate 181 kn altitude of apep. - 27 kne erbital inelination - &W 57'o

The rocket tek off from the DAMO eao mro situated in the regiona of 7

northern latitude and 65e oastern lonitudeo he earrier-rooket ha , six power plant

with total omtput of 20 mllio hpo

Having empleted its orbital flIg ht the ship-sa 1lite landed safely in the

regiea of the village ftolovka in the lernsvsk region of Saratov provaeeo

The first comic flight of a Sever citisen opened an era for mass direst

penetration into cosme spaee, and it appears to be a peat ackevmeein the

histery of oLvilisatica. Realization of this flight is the result of a reater planned

proem of operatioms as the oenouring of cosmic spae being conducted in she USS16

Arrangement of cose ship VOOO K

The ceemie ship VOhK has been constructed as th basis of ozperinseqe derived

&winlg the launchings of first foviet; ships-satellites.

The shipmsatellite consists of two basis parss

ilot eabl, in which the cmcint was situated, oipma t to provide living

coaditions and landing aote ; instrument setie4n inteaded for the installation at

isteumanlse functioning during orbital flgt and braking povr plant of shipe

After reaching orbit the ship-satellito breaks mn tram the last stage at
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earrierrookete Duiwg the flight the oquiu.aot oan board the shipfunstions In accord-

ane with a speeifis 1wote sesuring the Measurent ot orbital paremters, transw

mission to Earth of tolemotering informtion and T-images of the sossmuto two-

w7 radio eoinicatioa with Earthe 4itainag given temperature on board slpo

epmditicning of air La pilot cabin. The perforn&ee of the equiment mas autocmtie

ally controlled , with the aid of program devises on board the ship and it necessary

by the pilot-oomomaut.

The wogram of mn's first flight called for one round trip around the b'rthe

But the construction and equimnat of the ship-satellite allow to carry out nh

longer flights*

After ecioleting the flight irogrem, Iier to landiN a special systam was

employed for orienting the ship In a specific directlon. Then at a given point in

the orbit the braking power plant of the ship is out iag thus decelerating the ship

to a value set by oaleulation. As result of this the ship begins the downard trip

along a deseeniualg trajectory (fig.Ul7)

The cabin with cosmonaut Is slowed down in the atmephero. he

4scending trajectory is selected so* that the overloads during the enty of the

appara ts into the dens layers of the atmeopere have not ezeeeded the overle ,

permissible far humas After the ships eapsale drops to a given altitude the landing

system is brought into operation. Direct landing of the pilot eapsule Wabs place

at a low rate of speed. From the nment eo eutt-iga the braking power plant to

landing the ship covers about 8000 kn. The duration of flight alo the desseding

section is appro e ately 30 "e

The outer surface of pilot's eapsule is coated with a theral protection layer,

which protects It agaiast burning up during its movemt along the deseending

section In the dense layers of the atmeophereoThe capsule ts provided with three
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illuminators and two rapidly opening hatches. The illuminators aro equipped
with heat resistant glass and make it possible for the cosmonaut to conduct

W observations during the entire duration of the flight.

FLi.167mSchosixtio dravIng of the flight of ibis VO81

Apowbiting section; 2- connection of braking power plants C-dsent meeto

The comsomaut occupies an ejection seat In the shipwaatellit., and this seat

appears to be his working place in flight, and if necessary It also serves for

abandoning ship by the coamaau$* The seat in arranged in such a way that the over

loads during orbiting and descending affect the comonat in met favorable direction

(ohefftmspins) ,

AIftin the first flight the pilot-eoamoaut wore a protective suit, scuring

the preservationm of his life and activities* even in the ease the osibin becoes

depuessurised during flight.

Th. shiposatellite earried alms

anpafts and equimnt necessary far the viability of the huma orpaism (air

conditianing system, pressure control system, food and isar, a syatem for removing

44iaserp products )I
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flight control apparatus and system for inanal control of ship (pilot'. in-

strummnt panel, Instrument panel, smmnal control bleek se);

landing systems;

radio apparatus for Iarth-cosmosnt cmnnlsatioal

system for autonmoaus registratios of data on the functioning of instruments,

radio telemetoring systems and various sensing elemental

TV-system. to observe the cosmonaut from the akrfh;

apparatus recording the functions (physiological) of swag

braking power plant of ship;

orientatin. system apparatus;

flight control apparatua;

radio system for measuring orbital paransterol

temperature control system;

electric power sources*

On the outer surface of the ship were installed control organs, elements of

orientation system, louvers of temperature control system and radio antennas,

The pilot's cabin on board the ship-satellite Is more spacious than the cockpit

on. an aircraft* The outfitting of the "abin is mado with consideration of the oper.

ational ecaveniemees of the cosmonaut In flight (fig4.168)9 Situated In his chair,

the cosmonaut can execute all the necessary operations connected with observatica,

commniation with Zarth, controlling flight and in the case of necessity w to

control the ship.

I& the body of pilot seat are built is separable bask with belting (tying)

arsema for fixing the body of the pilot during ejstie and deseet by parachuel

paracbft~ system; ejection and protocbaical devices;

orgency (carried along) supply of fool, water and equipment, and radio masi
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for oomminlatioa and directiom findnge vhich the comomut; can use when lwAMia;

air conditioning system for Wotctive suit and purahute type qWpa uniti

automtlic Mohanism of the seat.

l~a~68daerm leyi of cosmoaut cabis n M bad YO8T simstll

I., pilota panel 2.instrusmnt penet vith globo 3-i,-camera -4-illumimstor vith
optical ocienting point; 5- handle for esontrolliag tJ orientatiom of shi.;
6.,radio receiver; 7- containers vith food*

landing et cosmomaut my take place in the oapsule of the ship. Bach a landing

method was tested on the fourth and fifth 8oviet shipeoatellitea, the cabins et

vhieh housed ezperimntal animls.o Provided Is also a landing veriant by ejection

of seat with cemm from the eabla at an altitude of about 7 Im and sabsequent

parachate deseent. %in yriant was als o shocked during the lau hing of ship-

satellites*

The air-conditioning syste, installed on the .ship-satellite, mintais in the

pilot's eabli aornmal, eprosmne inmal aea concentraticn at a eabos diozaide
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coneentratiea, of not owe than 1%, tamperature at a leve1 of 15-2200 and

relative hVUI*iY within limits of 30-70%. Regeneration of air composition - abop-

ties of carbon dioxide end water "ars with generation of corresponding amount of

oxygen - Is realised by emplarina highly active coeulal, compounds , So regenera-

tion prosess Is scatrollod autemstleully. Upo" a reduction In the amount of vgen

and increase in cabon dioxide smentratio. a special sensing element emit. a asg

nal9 upon which an auxiliary apparafts changes the working or& of the regenerator.

At an eucssilve generation of oxygen, the auxiliary mechanism Is brought autemtioal

ly into action* thus hinging about a redaction, In ozgen delivery into te at-

mosphore of the eabin. 3Anidity of air is controlled in the same mnnoe.

In case the air beoes sontaminated with harmful admixture. (impurities),

forming as result of live acticity of the huoun orgonim and operation of the equip-

men, special filters for the purification of same are providedo

)kintaining the given temperatul~e in the ship during flight is realized by a

temperature oonirol systsm. It distinguishing feature is the use of a liquid cool-

sort for the transfer of heat from the pilot's cabin, the temperature of the odlat

is held at consteat. The cooling agent goes from the temperature control syatent

Into a liquid-air radiator. Delivery of air tMon& the radiator is automtically

ontro&le depending upon the temperature of the tapping apparaftus In this Vey

the given temperature condition in the eabim is istained with greater accuracy.

To mintain stable temperatuire of the oolat and provide required tempeature

in the instrament seetien, on its outer surfaee is placed a radiatien beat

ezshmmgw with louver system, the Onr'Wof which is also autemtio

RiOC to descending Into a given region, the ship-satellite before comAeotin

tas braking poer plant, east acquire perfectly definite orientation in &pace* 12is

Sroblem Is solved 1W the orientation system, In the given flight orientation Is
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S roallsed by go.entlng m the ship's oxis In diweotloom of $he fa. 1w ensoitive

olemnts of that system are a number of optical and wroecople ooingsl oemats.

The siials entering theme elemeats are onverted ia an electron bleK late cob-

Sand. regaltlag a system of control orgase. The ori ontt on m w.ovides ato-

=itl scannig of the &a proper turn at th shp and Ieopndt Nms in required

posltiom with neater accuracq.

After the shlp I eriented, at a specific ment of time is out-In the decalo

orating per pleat. omand fr *oneetlng the oriontatim mysNtm docoleratlag

puer plant and other systems are emitted by an oletrm programing devie*

To minuo orbital paraintorm of shlp-mate.1lte and control the operatIon of

its alrberne olpLisnt It 1s provlded with a radio neasuring and raied lenoteriag

apparafts. Neamrmlg the movement pewaoterm of shliJand receot of tolemstr l

infor -tIca during it. flight is. doae by groand statIcas, situated over the tUr.

ritery of the US S Nemaronat data are autantally transmitted over ecommalatoa

lInes to oGutatloa sountes * where they we proessed en olootreale octser.

As result dur Ing the flight are obtaied lough dat on the basic psienter of th

orbit and further nwvmmat of the ship is podletedo

The ship also carries the radio sqyem 8IMI- functloning an a fr oqeno at

.9S as. 2Us stem serves far finding the dlreotlm of the ohlp and transmisson

of mosuats of tolenterlng InfornatIon.

The TV system trnmits to North pictures of the commuto which allow to

keep vml eoatrL over In eedltSle One of the If memo tramnto t.ental

IMPS of the P1lo, and the othor one * prolf 11o

Two e comuaslati.em betwen eemmant and North is furnished by a redle

telephose mysost operating In the ehrtinve frequaswy ran (9.01 and 20.04 S)

and ultrashent Vavos (U3o,5 M).
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tThe ultrashotwmve channel is used for ,olmwnication with growd points at

distances of up to 1500-2000 kne Cmuication over shortwave channel with aroma

points, situated over the territory of the V&M, as ohum by .zperieoeo ean be

secemed over a larger paut of the orbit*

The radio telephone system contains a magnetopheae 9 allowing to record thes

coaveusatiem of the commnaut In flight with subsequent rejwoductica, and tranmision

of sam during the flight of the ship over guMad receiving poiats. Provisions are

also zede for radio telegraph transmission by the cosmonauto

The instrument panel and pilot's desk installed in the eabin are intended for

controlling the operaticn of basic ship systems and to secure, in case of negescityg

descent of chip by using unual. control* On the instrument panel is situated a nob,

bow of dial Instruments and signal arrangementg electric clock# as well as globe*

the rotation of which is syachroaised with the orbital movntn of the ship* The

globe gives the cesmonaut the possibility to determine the current pocition of chip

On the pilot's desk are situated handles and on-off switehec, fer sontrolling the

operation of the radio telephone system. controlling the temperature in the cabIN

and for connecting mmaal setroL and decelerating power plant.

Special attention In the construction of the cosmic ship was devoted tjmsx

antooing flight safety*%@e launchings of first Soviet chips-satellites confirmed

the high reliability of the pert ormanoe of their equipment and devices 9 Bat on the

V08 ship additional steps were takPen to eliminate the possibility an any acci-

&ento and to Warantee flight safety an It for =a. Bach a devebont tendency

fully mets the basic problem - of creating devices allowing mn to pentetrate c080-

fidently into cosmic space

To orient the ship In ease of smual control the coomcmaut woes an optical

orienting poist, allowing to deterinos the position of the ship relative to the Earth.
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The optical orienting devie was mounted on one of pilet cabin illuminators* It

consists two annUlaR mirrer-reflocterso light filter and glass with screen.

The rays oemag from the line of the herion, fall on the first reflector and then

through the illuminator glass pass an to the secoed reflector which directs them

through the glass with scres& into the eye of the ceonanaUto When the ship is pro-

porly oriented with respect to the vertioal the comnaut sees in the field of virim

an image of the hinso in farm Of a eirele.

Throgh the central paut of the Illuminator the cosmonaut wtches the section

of terrestrial surface directly under him. The position of the ship's longitudinal

axis relative to the direction of flight is determined by observing the soosmog of

the terrestrial surface in the field of vision of the onontor.

Operating the control orgas, the cosmonaut my turn the ship in such a vw.g that

Sthe line of the horison would be visible in the orienting device in farm of a en-

centrical ring, and the heading of the terrestrial surface would coincide with the

heading line of the VIA. This will indicate proper orientation of the ship. When

necessary the field of vision of the cienter can be covered with light filter or

blind.

The globe mounted on the instrumant panel offers the possibility to detemiaO

in addition to the current position of the . sip also to predetermine the point

of its desent duing camonetion of the decelerating power plant at the given nnM

of time

Finally, the construction of the ship allows to doseent to harth even n the

cas the decelerating power plat f aIl 5I is de b eIen (natural) deeeloeratimen

of same in the atesophefeo

Sapplies of food and vatero regeneration substheos and the vplbm of elstrjo

power soures are intended for a flight period of 10 days.
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when oostnetlag the ship steps were takes to prevent a teaperatur. ime. in the

sabia to above specified Uinit when Its inrfaoo is ezpesed. to longer Mesting period&#

which takes place at the tim, of gradually deelerating the ship in the atomphoe*

bidicl-biological problm of =Ws' flight late comic space

To solve the problem concerning the possibility of nan flying in condo spas amd
it

nediesl protection of saxo.4sppearod. to be absolutely neesososo

le to invetipte the effect of comndo flight factors em the organim sand to

investigate the posiblo ferme and mthod of protec ting against the unfavorable of-

fect, of these factors.

2. to develop nost effective methods of ssuring normal living conditions for

'the persom in the cabin of the cosmi, ship*

3. to develop nothods for nedical selection. and training of ceomic ship crow

meshesg and to develop a system of constant medical control over the state of health

and life activities of someasuts during all stps of the flight*
Individual

lach mee of the enumerated problemn included a greater number of A~ problem

over the study and, solution of which specialists in the field of pbysiolo&7. hygiene,

peyshlegW 0 biolegq clinical sad prooesslowal mdl. in. worked persistently for the

past ten years. Xnvestigaicss have been conducted. under ground laboratory conAdi

tios and during flights at aninals an rockets. Great experienee, aeountalated in

applied fields of psLoW and andiim, especially in aviation mediie sand in

nodical protection, In underwater swI=ing (frogina) has been aulized. kweee

possible, special ground stands have been construe ted, which allowed under laboratory

oaditioss which allowed to investigate the offet cn the oeganims of factors, actiag

In. comic flight The effet of ovorleads and orpaLamal endurance to tern was Invest

Lated an sentrifugal mehiso - setrifsge.Tbey reprodueed accoleraties ganalogoas

to tUs ones which originate duing the eening of ships or during their retwa to
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. Earth.
Using vibro stands# temperatureg vacuum chambers and other msch installations

was vesti~Wit the offet of other fatr an the organism 0 However Laboratory

ezperimatm@ as a rulee could offer an answder only with respect to the ef fect an the

organism. of any wne of the faetws, while in real flight they affect the rocket in

combination and simultanessaly. 1.rthermoreq under labecomditoms It was not possible

to investigate the behavior of living orpaniuua under weightlessness conditions.

Consequently a substantial stop forward toward studying the effect of comic flight

conditiens oa the organism was the chance of onducting bielogical Investigations

oroets, which began in 195le

Several tens of experimants have been made during the flight of aniwals an rew

oketo to altitudes of up to 450 ke As result of theme iavestigations was obtained

huge scientific mterialg characterising reactions of physiological systomm and the

behavior of sanjuls (dogs, rabbita, rate end miss) along varicas flight secties

Thorough examination of experimental animls during flight and for a longer period

of tim after their retarn to Earth enabled to draw a concluscin that conditioms

of flying on rockets into the upper layer of the atmophere, are endured by living

owamo with perfect and fullest satisfaction.o Chags noticed in individual

pkysiological functions during the tim of flight were of no painful natureoeftes

they disappeared already in the pree...eof experimntatcm leaving no aftereffectse

Hweverg In view of the shortness of rocket flight, It was Impossible to In.-

vestipte the biological. effect of moh Important condc flight factors &n, long

lasting weightlessness aid cosmic radiation. Therefore, the pessibility offered in

1957 to use manowde Narth satellites for biologial inveetipierne appears to be

&a imptant stop forwaRd.

Use first such experiment wans carried cut on the second Soviet awinne brt~i
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satellitoo It not only comfirmied but. broadened the data of previous btIogioal ezp~rm

iments an rockets. It was possible to prove for the first *I= that a longer lasting

state of weightlessness in itself does not disrupt the basis vital prosessos.

Biological experimnt* were contiued ca the first Soviet shipeatolliteso In

the progroz of these mdioalbiologieal. investigations a number Of sew 1woblm vas

includede It appeared to be Imprtant, besides additional end m*r tkhere a v...

tigtiou of the effect am the organism.a on g lasting weigtlexsess, trazoset eon-

ditims frost weightlessnss to over leads and visa versa, to onduct ae thorough,

investigations cc the biologieal offset at comic radiatiom. An Important chapter in

the propm wasn also the study of operationa characteristics and effeotivnsesses

of system,* which in future flight were to inour* normal living conditions for hMNO

and guarantee their sae retun to larth. To bring this propa into realisatioz the

first Soviet ship-satellites carried various representatives of organic viold

begimiing with simple form of live to highe vertebrates.

The use in ezperinants of various kinds of animls and plants allowed for a

full and detailed Investigation of the effect of cosmic flight conditions on the

unt variegated proseses and functions of organism.o Very broad is the information

on the behavior and state of physiological functions of experimental dogs during the

tim at flight. The behavior of animals was obsee~d with the aid of special I.

system.e Analysis of obtained data showed, that animals not only preserve its via-

bility wnder conditioas of long weightlessness and subsequest offet of overloads,,

but no Ill effects are revealed in the state of their basic hysilologieal fustioms,

TkerMmug emnization, of animls after flight also revealed no deviations frcs normale

Very serious attention vas &evoted to the detection of pessi ble effeets of

commc radiation In flight on the ship-satllite. Numous mothods used in solving

this problien revealed no changes, which could be attributed to Iiing radiatie
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Results ef madio-biological investilptions on cosmic ships-etellites allowed

to mik. a highly important and responsible conclusione It we admitted* that flights

on ship-satellites in an orbit, situated knowingly below the near 1rth radiation

belts, appear to be safe for highly organized repesentatives of the ania worlde

Results of biological experinnts were used for solving the problem concerning

mn s flight endurance conditionso

On these basesg as well as on the bases of laboratory test results, was drawn

a eonclusiea with iespect to inan's flying without ill effects to his health.

TrOAinin of cosmonauts!

The first comic flight could be carried out only by a person who, realising

the eeimus responsibility of the undertaking confronting hi, would willingly and

freely volunteer to devote all his knowledge and effects, and possibly also his life,

in the realiza",ion of this outstanding task. Thousands of Soviet citisens - pa-

triots of their coutry, of various ages and professions, have expressed their

willingness of flying into comic sace The Soviet scientists were oafronted with

the problm of scientifically choosing the first comonauts from among the large

mwir of desiring persons.

In carrying out a comic flight the person is exposed to a whole complex of

outer medium factors ( accelarateaq veightlessness etc.). to sommiderable servous

emotional strains, requiring of the persoa mobilization of all its moral and pl~s-

Lal fores. The commonut must be able to mainain a high deree of operational

activity* he mnst have a knowledge of orienting himself in a difficult flight

eeudities and when neeeswy take over control of the comic ship. All this set

high requirsements concerning the state of health of the commonmuto his pychie qual-

tes, level of his general and teehnAical training.

Thes qualities are rot fully e bined in the profession of a pilo.
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The activity of a pilot determines already the stability of the nervous-emotional

spher, of the person. its good volitional qualities, and this 18 of special Importance

for first comic flights. Next the category of peisons, participating in such flights$

should be unconditionally and can be broadened considerably#

When setting up a group of csmonauts interviews were held with a greater nm-

ber of fliers expressing the desire to carry out the comnic flight* The best ones

pered, of these underwent thrwgh clinical and psychological examinstions. The

purpose of such an eamintion wans to determine the condition of health, to reveal

hiddea deficiencies or reduced owenisml stability to individual factors* chaise.

teristic of the forthcoming flight, to evalmU the reaction of the person during

the effect of these factors*

fteminatioms were made with the use of numerous modern biochemical, physiological

electrephysiological and psychological methods and special functional tests, allowing

to estizat* the reserve possibilities of basic pbysiological system of the orgaism

(investiption, in the baromtric chamber at conaiderable degrees of air rarefaction$

at bsromtric pressure drops and breathing =gen at higher Vesres Investigation

em the centrifuge etc.).

A Important phase was psychological examination, which was directed for the

expimare of persons. having finest menowy, alertnssg active easily changing atten-.

ties, capable of rapidly developing accurate coordinaticn wmmts,

As result of the clinioal-phyulological ezamiatim was formed a group, which

bepa carrying out the program of special training, training en special stands and

trainers, Imitating uI'M ground and flight conditions the factors of ceemie flight.

Sinialtaneoasly were determined the Individuaal resactio characteristiams of the arpam

to the effect of imitated facterse

The specthal training progam was intended so that the cosmmute woj3A acquire
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necessary data on basic thecretical problems connected with problems of the forth

eoming flight as eil as praetleal babits in the use of the equipment and devices

in the cabin of the cosmic ship. This 1'opam ealled for studying the bases of

rocket and ocmaic technolog, construction of cosmic ship, special astroemical.

problem@ problem of goophysicl, fcundationo of cosmic mediline.

he program of special training and testing inseluded8

7TI.l9.,Tu.A.QaarLa efe WASt

flights am aircraft under weightlessess conditiil; training in a model cabin of

a conoc shp and on a special traih; loner stay in a specially equlped sound

poe ehamber training an a centrifuge; parachute jum from aircraft

Bring the mneutiom of special training tasks were also solved certain prob-

lem of securing the eomditiem for man's co c fligh, particularly such probjo
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connected with feeding the cesmaut in flight, his clothing, with air regeneration

sys tem

During flights on aircraft were investigated the individual reactions of cose -

nauts during the effects of weightlessness and transition from weightlessness to

overleads, Investigated was the possibility of car'ryiron radio cmmunicatioat recei-

ving water and food and so cae Tkis nade it possible to reply to aumrous important

questions an the possible actions of ma under cosmic flight conditions.

It was established# that all selected coesomuts fare well in the state of

weightlessnesse Furthermore, it was established, that under weightlessness conditions

lasting 40 .seconds, it is possible to receive liquid, semi-liquid and solid feod

ensetica ef sall coordinated acts ( writing, prposefull noveasats of hand),

earrying on radio comanicatioa, reading and visual orientation In spaeec as wll).

Training In a make believe cosmic ship eabin and on special trainer were earred

vat for the purpese ef studying the equiwmant and evices of the cabin, develo.at

of variants of flight muiiom4 adaptation to being in a real eabin of a cosc ship*

For this was created a special stand-trainer which with the aid of eleotre-edulating

devices allowed to reproduee on the instrumants the real changeo, corresponding to

ush in flight The actions of the pilot also corresponded to real memo Provisions

were ande fer imitating uausal (em~genoy) flight variants and to train the cous-i

naut at similar situatems.

The asia problem of Investigations during longer stay in a specially equipped

sound groat chamber was to deterduLa the nervous-psychc stability of the cosmonaut

during his longer stay in isolated space of limited volume, all by himself, at a

considerable reductioa of outer stimli. Coaditiens of der and feeding conditios

have been rewehedg slee to the enso which will take place is real flikt.
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A1 larger scope of physiological investigations, and special psyche-physiologi-

@&I mthos enabled to reveal persoas with higher precision qualitieag accuracy in

executing missions, possessing a onwe stable nervoms-emtimml spheres

PiAt.170. On the starting unlamm baer@th fliAht of shin TO= in# see-

When training an the coatwifigss, In therml ohamberog w" deterined the

individual .nduwaaee of the commommut to corresponding effects, their effect @a

the process of basis physiolgeal funstiom was investigate mioblem at increasing

the resistance of the wgmnm to factma created by cater medims have been solved*

It ws established as the basis of results, tOut comsomauts have emselleat stabi ldIt
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againtit the effects of above mntioned faotos, persons were rovealod which with

stood the teats better than others,

In the parachute training process each cosmmaut executed several tons of Jump@s

Physical training of the cosmonaut goup consisted of planned ccupatiom

and ol a wning oxercises. Planned occupationm were carried out with consideration

of individual oharaoteristics of physical devolopment of each cosmemutq

krly awning oxorcses were conducted daily for owe hour and its purpos, was geawI j

physical traini& Plhlecultural exeorise were intended for the purpose ef raising

the stamina of the orgnim to the effects of acceleratioase development and iurove

meant of habits of freely mastering the body in space, raising the abilAW of enduring

1oag lasting physical stresses*

Physical training wa executed under constant surveillance of a doctor (MD) who

selected especially fitting w exerciset, ams Jumping into the wteg swiing

and phsical exercises on special installationso

After completing the special training pogram w organized direct training

for the fortheomig co"o flight. We training Included s

study of flight uissioeso study of maps oF landing region, piloting instructiemao

earrying am Radio eemonnioatioa et I

studying emergency mpplyo utilization of sam at point after leading study

of direction finding sstem Otol

eonutrifge testing I. protective clothing at maxizm values of anticipated

overloods

log lasting testing in a mae believe condo ship using all the system wev.-

iing the conditions for active lifo.

As result of the sciontific-training operatoas us selected a group of common

mute, ready for flight into coen spacee
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To bing m' a first comic flight into roalzlsat;o ftrm the gioup of coawmutu

wan selected pilot mjor Yurly Aleskoevieh Qagarin.

Mo reirmble 8oviet citisen YhoAoGapm', as born on Mareh 9. 1934 In the

hosehold of a collective farmoCker 9 ms long drem van to become a flier* Having

finalhod in 1957 the Orenburg Aviation Soleo he graduated as military fighter pi-

lot spesialist. YoAoGawin served in one of the Armed Forces oonenU of the U

Upon his insiste appeal he we included is the group of comomaut candidates and

scoeessfully paused the oslectios When the comnat group we in training Yu*Ao

Gmmuin wan Goa of the beto

The great confidence In being the frst in the world pilot-coromut wr fully

justified hy the capabilities at Yurly Alkaeeviok G1agarlio

Jiust ondme Flight

The blast off of the comic ship VOOTOI took place as Aril 12, 1l61 at bra

7 M1. Ascov timeo

aring the entire tim of orbiting pilot-oomaut 1u.Aeommris mistameod es-
ground

tibim radio telepone conmieatioa with the A flight vectoring contero He

tranmitted precise data an the changes is overloads at the maments the stages

separated thomselveo from the carrier rocket. The noise in the cabin of the ship

was not greater than is a cockpit of a Jot aircrafto Alxoe a at the time of arltifg

Yu.AoMrims observed the rth in the illuminators o

Operation of board equipsnot during flight in arbit, orientation and dosent

of ship wero controlled automtically. ioevoer in eo of nocesity, the oemut

upon his ow desire or upon com ai fro Ruth could take ship eontrol Into Mes o

hands# doterne Its positlio and descent Into selected rogn

Weightlesaess ncmm Imeuliately after the ship sam lto orbito At first thWs

coadities felt 111w something unuual for the coamoauto but soon be became used
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tOI n did ac idi,.

In conformity wit.h th mission and fligt progrm h watched the operation of

~ships3 oquipnma* he was in constant telephone ad toloeph radio oomunioatioz with

th ]Ertkq did1 kin1 observationsla the Illunlzate anid in thet opticlot cro 'ntor,

reorted to Brth ad dotted down observation gets late the log book oa board tho

ship and on a manetic tapeook food ad water*

The prosas In the eabl of the ship during flight was nmintained at 750-770

a Jo air towerature at 199°2C, relative hmidity 62-719,

The surface of the Barth was well survod from an altitude of up to 300 M.

Very vil visible were the share Limes, larger rivers, contour of the Barth's ar-

faO.o forosts, clouds ad sWo from the clolds When flying over the territory

of our ozatry Yuo.o0asarin observes the larger stretohes of collective farm.

The sky - absolutely blaok* The stars on it looked mch brighter and were awe

clearly visible, *ban from the Nrth. The arth haUs a very beautiful bluish hlo

Celors on the horizon change from sodt blue, through blue o gays violet - to black

oolo of the sky* VM oming out from the shadow at tko hrlson of the arth o

could observo a brigkt orange col r which then changed Into all the colors of a

raiabowe

At 9 bins 5Z miz the automtic orientatie system oF the ship vas out Ilk

After aoning out from the shdo, Wsriing funotioM WIs arried out and the ship ws

oriented toward the Sax*

At 9 )ws 52 min cosmonaut Yu.A*.Ga.U flw over the Aeiem of Cape Swag

reported about his good state of health and norml funeticing of the quipsat en

boar the ship.

At 10 bI, 35 m" from th aUtmatit prnepaJ" Lastallatiou west out somus

for readying the beard equipesat for esNotion of the deolerating poer planto
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Io
At that m ont the ship approaod Afri*s and frem YUoAomjmrn arrived a mesae
about the proess of the flighto

At 10 hrSo 2.5 i. the d.elerating power plant was connected and the ship ehage

Ito. orbit at an arth satellite following a descending trajector.

At 10 hrag 35 mia the ship bepan enteuing dense layers of the atusophore.

Ravia eeseeted the first In thr world eosme flight with a eomomut oa board,

the ashp-oatellote QSMX landed at a given region at 10 hr. 55 N i.nx soew tmm.

71,ig.l71. *ToyAoGmpC 'a emi e eve ft lep e to e as
4M. NI.nushoev abet his safe lauding*
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Yhe weil being of YuAauria during all the staes at flight was satisfacory

bmaitained eamlets freedsm, of operatioe

Highly Interesting ae thes data$ oharasterziiag the change In the condition of

the oardio-vaseular and respiratory system of the coasmaut., During the pwe-blast

off peried ba.A.Qagprin's pulse frequency was 66beate per minute, and the respiration,

frequency - 24.e At the orbiting sction the pas. frequency rose to IkOwI58,1 and

respir~ation frequency was 20-26* hen. weightlessness Goe the card is-ovascular sand

respiratory system, Indice.s gradually sae down to the initial values. At the tefth

minute of -. weightlessness pas. frequency was 979 respiration w 22o

During the descent under the offe*t of overloads short periods of respiratory

increases have been mefted, Novver when appreaching Both respiration. became Gaza

with a frequensy of about 16 per min. Mires, hawr. aPter the landing the pulse free'

queasy was 6 respiration - 20 per mine which earrespmnds with the normal sonities

of Ik.AeGaswiae

After returning from cosmic fllb.AAGmwl fool.s t~uc , There are no die-

orders in the state of his health.

nho first In the history at humnkity flight into cosmc speeearried o4 1W'

Soviet cesmseut Yhi.AGmnizn mbeaw& the ship-satellite VONCIO allowed to mks

a conclusion of enormous scientific importance about the wrastioal possibility of

mas's flight Wt. cosines. He has shown# that a pean ean, momally endue condim

tic a Gfoods flight conditions of erbiting and retun to the surface of the

Ruth* this flight has Ioven that under conditieas of weightlessness a persn an

fully retain freedom of secratione notional coardinatinca, dewinss at thought.

Ths flight fWUrmshd extremly valuable date an the perfrmecs of the cossto

rus ties and equipemnt of the ceemic ship in flight. Nll onfirmation has befs

fuarnished of the sceetifie and technical solutioms, em which that comtrseties
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van Uodo Approval was given to the reliability of the carrior.wrooket and structural

perfection of $do M]ip-satellito

%oe creation of man-mde satellite, laus0oings of eoendo rockets toward the

M ad a eToms# flights of first coemic ships with retrn to Barth, raL; azatioa of

the first in the histery of coemic flight mate flight have heralded the advent of

an era when interplanetary space will be materod.

Only t roe years have passed from the time when the first man-made celestial

bed was mdo - the first Soviet uns-cmdo Earth satellite cam into being* During

this relatively shert period of tim we have witnessed a whole series of grandiose

scientific and technical achievemtso which only roestly appeared to be a far off

drom.e

In o tim science and technolog are nking annually geater and geat

strides* The teehnology of cosmic flights is developing extremly Intensivelyo

The flight of Soviet cosmic ship TOST carrying an board the first cosmaut

njor 9againg Yh.o. appears to be an unprecedented victory of ma over the forces

of mature, a decisive stop In na's penetratio, into the coome.

Comic devices of vari us types will find broader and broader application

In solving various scientific and practical probleoSo

Use time as ems for practical realization of the hitherto fantastic projects

- the time for the croation of extraterrestrial sclentifio statioa, cono journeys

of man to the Wn Imso Vens and other planets of the solar system, and then even

byni their limit1.

Solution of these pandiceo problen requIres enormous collective creatiosal

forse, forther development of may fields of tMeoretic and eserimotal siesseo

may bramhs of tlcknolae
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The Soviet Maica has flxaly taken the lead in the realizefion, of commis flighta.

Rapid devlopmat of bciense and technology in our country and the creative

enthalam of car peeoples guided by the Cosmmait Party# are 9 reliable guaranteet

that in Uhe field of men cnofheing the .ome0r wity and leading position, hence-

forth bole"n to the .M

Appenkdiz 1.

Baic dependencese of motion. lma the deatral field of gpavitatim.

Integration af equatioins of motion of the aterial polat ina central field of grevo

itatem,

Zmaftmas of notiun have the fem' of (see chapter 1)8s

-VF, Cos 0'. (2)

Aecuwdiag to the second equafteo

(3)

butv eanbe praeated informof

&M coasequeatly IF !dr ow* ci (4)

Nxwv4a sabatituted ()and(~ in eqatioa (1)9 w vll obtains

ban"o 2K VV.CV*9I/01~ #0 + (q
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r tbe eoaveniee of laoatelft vo will introdeo a oonatet vl e oO

under the sign of the differential is the numoratro and we will also ad d soew

Pate the value 66"; in the radient.

Au result we vil obtains (V.rb4. K )-' ~ ef ) - .v, o(5)

Intogation of this formula loads to equation of tho grbits
area fe utaoeu

+ 2x t A"Cm6

whore - integration constant -depends vpgin t bonin of caulating atOo

Iquatioa of bit (6) oan be Wesented in form of i

nscose0.
K1 (7)

or intednoing dosigmtioams

• " (8)

*~~~n Lz Ta'~i

in f omt
r (10)

Determit Poried of Rotatim over liptisl Orbit

row Noterial velocity of the material point, mving over an elliptical orbit

in the central field of Wavitaticao is oamstea ad equal 2 To roce. (.e chap-

ter 1)o and th area onao aaed by the elliptical orbit (area of the ollijLp)o is

" abo wherO a wo b - large aad maler sendazis of the ellipse rempetively.
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Oomsequatlythe period of rolation (round trip) (time of full rotation of the

point in arbit) vLi be equals

2nobr 'am y~ o.(it)

For the ellipse we have

henoe

and oonsequently

(12)

kving mubstitu1td In (Ui) the value b fr (12) aM p, frsi (8) we vill obtain

after elemeatary tiaaferm a formla o determining the perid of rotaticas

rT- 2mj (IS
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