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FOREWORD

The Poreign Science Bullstin {s prepared by
the Science and Technology Section,Aervspace Tach-
nology Division, Library of Congrese, Washingten,
D.C. 20540, Readers are invited to submit comments
or suggestions concerning this publication to The
Editor, Poreign Science Bulletin, at the above ad-

dress,

Subscriptions to the Foreign Science Bulletin
may be obtained by writing to the Clesringhouse for
Faderal Scientific and Technical Iaformastion,Sills
Building, 5285 Port Royal koad, Springfisld, Virginia
22151. The rate for a one-year subscription s
$18,00 domestic, $22,50 foraign.
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LETTER TO THE EDITOR

TRANSISTORIZED ELECTROSLEEP GENERATOR

I have followed your publications on electrosleep and
was especially interested in the circuit of Mr. Arsen Iwanovsky's-
tube-operated electrosleep generafor based on a Soviet prototype.
On the basis of this circuit, I have designed anrd tuilt a transisto-
rized electrosleep device (patent pending).

The circuit {see Fig. 1) consists of five pasic stages.
The first stage is a multivibrator with a unijunction transistor
to develop a sawtooth wave, and a second transistor which eon-
verts the sawtooth wave into a square wave with the same repe-
tition rate, By switching capacitors and varying the 100-kokm
resistance in this circuit, frequencies can be selected in the
1,8—~—18.5-Hz and 19—188. 9-Hz ranges.

The second stage is an emitter follower for matching
impedance betwecn the first and third stages. The third stage
is a one-shot multivibrator. A 10-kohm potentiometer in this
circuit provides the adjustment necessary to set the pulse width,
Access to this adjustment is restricted, so that once the best
pulse width is established the adjustment will not be disturbed.
Experience has shown that the optimum pulse-width value is
one millisecond.

The fourth stage is an amplifier ard inverter circuit. -
The final stage contains an emitter follower circuit for match-
ing the impedances of the instrument and the human body. It
also contains a potentiometer for controlling output current,
wkich is monitored by a microammeter, Another featvre found
in the final stage is a 500-ohm potentiometer shunted by a
1060~ uF capacitor to provide a d-c bias.

In the future, I intend to miniaturize my circuit to pro-
duce a device which would fit under the lining of a pillow and
which couid be powered by miniature long-life batteries.

R A

i 1




YIMOTI0 ¥ILLING H
AOZ+

*103e12u98 d2a78013D8[9 PazZFi0ISTsURI] Jo wWexBepp JInoayy) T *B1d
' ' | . |
_ |
“ | s i |
_ I _ _
l | " | “W _
_ . | ¥olg AOS
_ T nz'2
_ ! _ _ ) 06¥NZ
! nuausz.— ) 82N2 VP ! A fT..— Py
! X [ RN Y et/ £ BB 3 Fszne wl_
_ szeznz| | -~ I csangA || { ..>on4lso.
¥: 2 i of | lyge3 3, %0
worg ¥22g  MOIZ | wipIMemd : | Rt - Pur Pobesg
— > ' p — — xnh
¥ILUIANI " VOLVANRIALLINN ! wamor10s |
IRy Lous 3ko S IVLE R HOLVEGIAILINN
{ |
| | _




=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Ml

LB e T T

Y

i

!

i

T

L

i
G

M

A

=

I would like to point oul 77 { this instrument has been -
developed strictly for experimesil evaluation and that its elec-
trical output is equal to or less thz+ that of other electrosleep
instruments which have been proves safe when used by a quali-
fied operator.

In concluzion, I would like fo express my special thanks
to Mr. Arsen Iwarovsky of the iiirary of Congress, who provid-
ed the technical information on electrical ocutput requirements and
who has collenied worldwidez information on experiments and clini-
cal applications of electrosieep and electroanesthesia. I would
further iike o thank Mr., Malcolm Minor of the Bunker-Ramo
Corpcration, who assisted me in the packaging design.

Mckaim Aleksandrov
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: . THE SOYUZ-3 MISSION "L

by Boris Mapdrovsky

SUMMARY: Data p::blui;ed in the Soviet prese be-
tueer 27 October and € Novezber on the success-
el ﬁsgkt of the Soyus-3 are pmm.ed Infor-
metion ts includsd oir monewpere in orbit, rendez-
vous with Soyuz-2, aercdmamic ésccsnt, Soviet
occerenis on design, sysie=s, and tlities of
the Soyuz spacecraft. and the Siomediegl aspecis
of t&e Soyuz-3 flight.

ity (0

On 28 October 1988 the Soyuz-3 spacecraft was launch-
: : ed from the Baykonur cosmodrome. This was the first success-
= ful Soviet manned spaceflight since Leonov's EVA on Voshkhod-2
= 3.1/2 years ago. Beregovoy was the only cosmonaut on beard.

- Cosmonaut Berm

= - ' : Georgiy Timofeyevich Beregovoy, Colonel in the Soviet
= Air Force and Hero of the Soviet Union, began hig career as a
combat pilot prior to World War II. From 1948 to 1964 he work-
ed as a test pilot. He is a relative latecomer to the Soviet man-
ned rpaceflight program, having begun kis training in 1964 [1, 2,
8, 13].

— Dr. O, -G. Gazenko stated that Beregovoy, despite his

47 years, was well trained and conditioned to withstand the ac-

celeration stress during the powered section of the fight. [52,

55]. Beregovoy's trairing included centrifugation, echoless -

chambers, "rotor" training, thermochamber, vibrostand, para-

chute jumps, parabolic short-term weightiessness, and work in

spacecraft simulators [11]. Beregovoy spent many hours in space- )
_eraft simulators but only two periods of several hours each in the

Soyuz-3 itself before the flight [7]. Professor V. V. Parin stated

that Beregovoy was stlected for the Soyuz-3 mission because he

war an experienced test pilct [22, 23].

—4-
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module. The second is a rest and observation compartment

which Feoktistov referred to as the "orbiial" compartment, The
control compartment has three windows, while the rest and ob-
servation compartment has four. The total living space in these

two compartments, which have a shirt sleeve environment, is
9 m3 {52, 54).

Feoktistov explained that the orbital compartment (in-
tended for rest and observation) contains equipment for scien-
tific experiments, as well as part of the spaceship control and
communications equipment. The control compartment contains
controls for maneuvering in orbit, together with most of the
spaceship control and communizations equipment. It also con-
tains the life support equipment, The control compartment has
couches for the crew during lift-olf. During reentry this com-

partment separates from the orbital compartrnent, and becomes
the descent module [52, 54].
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The Soyuz has an external thermal shield (to protect it
from atmospheric friction during reentry), and an inner layer of
thermal insulation (which also acts as a noise insulator). As a

result of these devices, cabin atmosphere does not rise above
25 to 30 °C, even during reentry {52, 54].

In addition to the two compartments for use by cosmo-
nauts, the Soyuz contains an instrument and equipment compart-
ment. A hermetically sealed part of this compartment holds the
main on-board equipment which is used during crbital flight. The
nonsealed part contains liquid fuel rockets used during maneuvers
in orbit and during reentry [52, 54]. There are two of these pro-
pulsion rockets, each with a 400-kg thrust, They enable the
Soy'uz to maneuver to altitudés of 1300 km [52, 54].

Academician Keldysh (President of the Academy of Sci-
nces USSR) pointed out that Soyuz spacecraft are equipped with
autcmatic equipment of the type used by Kosmos 186-188 and
Koamos 212-213 for rendezvous and docking purposes [53].
Keldysh went on to say that in addition to being capable of auto-
matic docking (which was not performed during the Soyuz-3 mis-
gion), the Soyuz ships are designed for a whole series of maneu-

verabie missions. He stressed, however, that the Soyuz craft
are intended for orbital (not lunar) missions [57].

-k ————
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Soyuz-type spacecraft are designed for multiman crews
{52, 57). They have a more advanced type of life support equip-

ment and are capable of extended, 30-day flights [22, 23, 52,
54].

The First Day in Space (26 Oct 68)

At 11:34 h, * 26 Oct 68, the Soyuz-3 spacecraft was
launched from the Baykonur Cosmodrome. TASS gave the or-
bit parameters as follows: period of revolution 88. 6 min, apo-~
gee 225 km, perigee 205 km, and inclination 51° 40~ [1, 5, 8,
12].

The flight plan of the Soyuz-3 mission called for a ren-
dezvous approach to the unmanned Soyuz-2 during Beregovoy's
first orbit [6, 12, 43]. The unmanned Soyuz-2 had been placed
into orbit on 25 Oct 58, with a period of revolution of 88. 5-min,
an apogee of 224 km, a perigee of 185 km, and an-inclination of
51.7 [5, 6, 8, 12]. At the time that Soyuz-3 was placed into
orbit, ‘the Soyuz-2 was only a few km away. Their relative
speed in respect to each other was 17 meters/sec [16].

The approach to Soyuz-2 was a two-stage affair [43].
Beregovoy sought out the '"passive"” Soyuz-2 by means of auto-
matic on-board equipment (which included a computer) [16, 18;
43, 46]. This automatic equipment was described as being sim-
ilar to that carried by the Kasmos series which made it r~ssible
for Xosmos 186-188 and Kosmos 212-213 to rendezvous and dock
in orbit [16]. The automatic equipment brought the Soyuz-3 with-
in 200 m of Soyuz-2 at, vhich time Beregovoy switched out the
automatic equpment avd tovk over manual control [16, 19, 43].
Manual control is carried gt &ry ~means of two handles which
actuate the reactive enging.. (.oc¥>ts), One handle controls the
speed of the ship, while the o'het rotates it about its center of
gravity [16). Beregovoy slowed down his spacecraft so that his
relative r.\otion in respect to Soyuz-2 was only a few tenths of a
meter per second [16, 12], with a distance between the two space-
craft of only a few meters [52, 57]. In addition to-using the auto-
matic equipment for orientation, Beregovoy also performed inde-

pendent orientation by the sun and using the manual controls [15,
18, 21, 486].

* All times mentioned in this paper refer to Moscow time.
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By 18:45 h, 26 Oct 68, the Soyuz-3 had completed its
fifth orbit. Cabin pressure was 760 mm Hg and the tempera-
ture was 17 °C [1€, 8, 12]. From 13:18 h, 26 Oct, until 05:16 h,
27 Oct, the Soyuz-3 was out of the zone of radio visibility from
the USSR. During this time, Beregovoy relaxed and slept in the
observation and rest compartment [6, 8, 12].

The Second Day in Space (27 Oct 68)

After sleeping for 7 h, Beregovoy began his second day
in space at 04:30 h., At 05:16 h, Beregovoy reported that he had
slept well and that upon awakening he had performed physical ex-
ercises and breakfasted with appetite. The Soyuz-3 was now in
its 13th orbit. The cabin pressure was 780 mm Hg, the temper-
ature was 21 °C, and all systems were reported working perfect-
ly [15, 18]. At 10:56 h, the Soyuz-3 completed its 16th orbit and
Beregovoy reported that all tasks up to that time had been com-
pleted on schedule [15, 18].

During his second day in orbit, Beregovoy made another
rendezvous with Soyuz-2, using the same automatic and manual
techniques that he had employed on the previous day [15, 18, 21].
After the ~econd rendezvous, both ships assumed new orbits.
The new orbit parameters for Soyuz-2 were: period of revolu-
tion, 88. 4 min; apogee, 231 km; perigee, 181 km; ard inclina-
tion, 51.7°. The new orbit parameters for Soyuz-3 were:
period of revolution, 88. 6 min; apogee, 252 km; perigee,

179 km; and inclination, 51.7 [15, 18, 21)].

By 18:50 h the Soyuz-2 had completed 38 orbits and the
Soyuz-3 had completed 22 orbits, All systems on both ships
were reported functioning perfectly. The Soyuz-3 cabin pres-
sure 'vas 785 mm Hg and the temperature was 23°C [15, 18, 21].
From 18:50 h, 27 Oct 68, to 04:48 h, 28 Oct 68, the Soyuz-3
was cut of radio visibility of the USSR.

The Third Day in Space (28 Oct 68)

During this time Beregovoy slept [15, 18, 21]. At
04:48 h the Soyuz-3 reentered the radio visibility zone of the
USSR. After 25 minutes of physical exercise and breakfast,

-8-




Beregovoy began his third day of work. He made radio and TV
contact and reported that his condition was good and that all sys-
tems were functioning normally. The Soyuz-3 was in its 29th
orbit [17, 13, 21].

At 10:25 h, the retrorockets on Soyuz-2 were fired, ini-
tiating the reentry and descent sequence. At 10:50 h the Soyuz-2
entered the denser layers of the atmosphere and began its con-
trolled, aerodynamic descent. It completed the landing at a
preassigned area in the USSR, employing a parachute and soft
landing system (17, 18, 21].

By noon the Soyuz-3 had completed 33 orbits, and all
systems were reported to be functioning normally. It was stated
that temperature and pressure of the cabin were kept within the
assigned limits (but they were not given!). Beregovoy continued
his schedule of scientific observations [17, 18, 21], At 12:15 h,
during the 34th orbit, Beregovoy made a major TV broadcast,
during which e explained the internal setup of the cabins and
the control pauels by means of which he accomplished the ap-
proach to Soyuz-2; he also demonstrated weightlessness for his
viewers [17, 18, 21]. During the 36th orbit, he performed a
number of maneuvers, using manual control and orientation.
The oroital parameters were changed to: period of revolution,
88. £ min; apogee, 244 km; perigee, 199 km; and inclination,
51.7°([17, 18, 21]. By 18:30 h the Soyuz-3 was once more out
of the radio visibility range. By 19:23 h the Soyuz-3 had com-
pleted 38 orbits (17, 18, 211.

At the end of the third day in space, temperatur'e was
in the 17—21°C range, and atmospheric pressure in the cabin
held at about 30C mm Hg [24, 27]. At the operations center, the
Head of the Ground Control Group stated that everything had
been functioning p2rfectly; he added that they had never had such
a perfect flight before [20].

The Fourth Day in Space (29 Oct 68)

At 03.45 h, Beregovoy began his fourth working day with
breakfast and exercises. He reported that all systems were in
good working order, that the cabin pressure was 777 mm Hg,
and that the temperature was 18°C [24, 25]. At 07:28 h Berego-
voy began his routine TV broadcast. By 11:10 h Soyuz-3 had

-9-




completed its 48th orbit [26].

During his 50th orbit (around noon), Beregovoy made
another TV report. He reported on his scientific observations,
demonstrated how food supplies and water are stored and used
on board, and showed pictures of the observation and rest com-
partment [26, 27].

At 18:06 h, the Soyuz-3 left the radio visibility zone
once more. By 19:03 h, the Soyuz-3 had completed its 54th
orbit. Beregovoy had completed the assigned program for that
day. All systems were in perfect working order. Cabin temper-
ature and pressure were reported to be within normal limits (but
again not specified!) [26, 27].

The Fifth Day in Space (30 Oct 68)

At 04:08 h, Beregovoy began his fifth and final working
day. During the 61st orbit all systems were reported in good
condition. Between 07:08 h and 07:20 h another routine radio
communication was made, Beregovoy felt well and had retained
his high work capacity. The temperature and pressure were
once more reported to be within their assigned limits [34, 35].

Soyuz-3 was equipped with a new, reliable, multi-chan- °
nel system for communication with ground stations [49]. The
system operated on 15, 008 and 20. 008 MHz frequencies [1].
Beregovoy used the call name "srgon, ' and the control center
used the call name '"Zarya" [20]. At ieast part of the on-board
power came from solar batteries [21]. The voice cortact sys-
tem was of sufficiently high fidelity that Beregovoy was able to
recognize voices of his friends at ground stations [49]. Berego-
voy stated that radio contact was reliable throughout the entire

flight {52, 58).
Reentry, Descent, and Landiqg_

In the early morning hours of 30 Oct 68, during his 61st
orbit, Beregovoy received landing instructions from ground con-
trol. These instructions were repeated during the 62nd orbit
[31, 37, 38]. Beregovoy initiated the reentry and descent se-
quence during his 64th orbit, while he was still over the Atlantic

~-10-




near Africa [30, 31, 37). Before switching on the automatic sys-
tem which initiated the reentry and descent sequence, Beregovoy
oriented his ship manually, attaining the proper attitude control
[28, 36, 52, 56]1. The automatic system actuated the retrorockets
for 145 seconds, after which the Soyuz-3 began to descend from
orbit [28, 36]. The descent module (control cabin) separated from
the rest of the spaceship and assumed rcentry attitude [28, 36].

When the reentry module entered the denser layers of
the atmosphere, the controlled aerodynamic descent system went
into operation [33, 36]. Feoktistov explained that the descent
module uses a principal of controlled descent based on aerody-
namic properties [52, 54]. The reactive engines (rockets) for
the descent control are mounted externally on the descent module
[52, 54]. The use of the aerodynamically controlled descent,
Feoktistov stated, makes it possible to reduce the reentry stress
to between 3 and 4 G (as compared with the 8—10 G experienced
during ballistic descent) [52, 54]. For emergency purposes
Soyuz-type spacecraft also have a ballistic descent capability
{52, 54]. In addition to reducing the G-load, the controlled aero-
dynamic descent makes it possible to increase the accuracy of
landing in a preassigned area [52, 54).

The phase of aerodynamically controlled descent was
followed by parachute descent. The drogue parachute opened at
an elevation of 9 km, followed in turn by the main parachute {52,
54]. In addition to the main parachute system, Soyuz-type space-
craft carry an auxiliary parachute system which is actuated in
case the main parachute system fails [52, 54]. The parachute
equipment systems are housed in a special container on the
descent module [52, 54].

Final touchdown was made by a soft-landing system
(solid fuel rockets) which was activated when the descent module
was about 1 m above the ground [28, 33, 52, 54]. The soft-land-
ing system rockets are mounted externally on the descent module
[42, 54]. The control of the entire complex of devices which
make up the reentry, descent, and landing systems is entirely
automatic [52, 54].

-11-




At 10:25 h, 30 Oct 68, the Soyuz-3 landed at a pre-
assigned area near the city of Karaganda [28, 29, 30, 31]. To
facilitate the search and rescue, the descent module is equipped
with special radio equipment which makes it possible to locaie
the spaceship during parachute descent as well as after landing
{52, 54]. The Soyuz-3 was spotted by some of the local people
while it was still descending by parachute, and for the first time
it was possible to obtain a photograph of the parachute descent of
a returning space vehicle [49]. The air rescue helicopter and
the local residents arrived at the spaceship before Beregovoy
had time to leave the descent module [40, 41, 56].

Post-Flight Events

After being greeted and congratulated by the local people
and the air rescue team, Beregovoy was flown by helicopter to
the local Search and Rescue Airport [31, 37, 45]. After wash-
ing up, shaving, eating, and receiving a preliminary medical
examination, Beregovoy held a 15-minute press conference [41,
45]. From the Search and Rescue Airport Beregovoy was flown
to the Cosmodrome, where a more detailed examination and de-
briefing was held [45]. From there he was flown by I1-18 to
Moscow, where he was given a hero's welcome by top members
of the Soviet government, his mother, wife, and children, and
the other cosmonauts [45, 47].

For his performance in space, Beregovoy was awarded
the title ''Pilot-Cosmonaut of the USSR, " the Order of Lenin, a
second Gold Star of the Hero of the Soviet Union, and was pro-
moted to Major General of Aviation [50, 51]. The Academy of
Sciences USSR awarded him the coveted Tsiclkovskiy Metal [52,
53].

Beregovoy's Post-flight Statements

In his post-flight statements to the press, Beregovoy
was enthusiastic about his spaceship. He stated that the Soyuz-3
is a new-generation vehicle with great possibilities, and that it
differs from previous spacecraft not only in size and comfort
but also in terms of new design principals and new spaceship
s, stems [56]. Beregovoy was particularly enthusiastic : bout

-12-




the maneuverability of the Soyuz-3. He stated ihat his experi-
ence in space convinced him that both the automatic and the man-
ual systems were highly reliable and effective [49, 56]. Berego-
voy felt that the control panel indicators were well thought out )
and conveniently placed [52, 56].

Beregovoy stated that the lift-off was very smooth and
that acceleration stress increased very gradually {40, 41]. He
said that he was able to feel acceleration during about two-thirds
of the 2owered sector of the flight. There was very little noise
at lift-off. The roar increased gradually, but acceleration re-
mained very smooth [40, 41]. He characterized weightlessness
as an entirely new but pleasant sensation [32, 38, 45].

Beregovoy stated that during the reentry and descent
sequence the automatic equipment worked very well [41]. The
reentry stress was not too great (it was between 3 and 4 G) [40,
54]. Beregovoy was pressed against his acceleration couch but
was still aole tc move his head, to make observations through
the windows, and to carry on his work by making entries on tape
{32, 39, 40, 41]. The descent module grounded so softly that
Beregovoy was not even aware of the moment of touchdown [37,
39, 40]. When the parachutes began to drag the descent module
along the ground, Beregovoy released the parachute system [32,

38].

Other Post-Flight Statements

Feoktistov stated that the primary purpose of the Soyuz-3
mission was to check out the automatic and manual rendezvous and
approach equipment and procedures. He added that he felt the mis-
sion had been fully accomplished and the principles on which the
new equipment was designed were fully justified as far as circum-
terrestrial missions are concerned [54].

TASS stated that the most important result of the Soyuz-3
flight was the development and perfection of procedures for rendez-
vous and maneuver in orbit using several systems of orientation
and navigation control. They added that the two rendezvous mis-
sions with Soyuz-2 were a success [29, 30].

-13-




A specialist from the Control Center stated that com-
munication and coordination between the Center and the cosmo-
naut were perfect, and that the mission was carried out accord-
ing to program from start to finish [46].

The "chief designer" stated that he was satisfied with
the mission, as were all teams who participated in the design
of the mission. He added that the cosmonaut performed fault-
lessly at all stages of the flight [46].

The Chairman of the State Commission stated that all
equipment worked perfectly and that the cosmonaut fulfilled al)
assigned tasks. The State Commission had no criticism to
make [46].

Biomedical Aspects of the Soyuz-3 Flight

Biomedical specialists were concerned with the effects
of spaceflight conditions on psychophysiological functions, espe-
cially those which can affect man's work capacity and psychoso-
matic state [42]. Medical monitoring included pulse and respi-
ration frequency (pneumography), electrocardiography, and seis-
mocardiography [18, 44]. For the two latter measurements, two
types of electrodes have been developed: silver cup electrodes
and porous latex plate electrodes saturated with ""electrode paste'
[44]. Biomedical data were transmitted to the ground control cen-
ter, where they were analyzed by physicians and also processed
by medical computers [44].

These basic medical data were supplemented by obser-
vation of the cosmonaut on TV and analysis of voice structure
and speech tempo during radio contact [15, 21, 44]. In addition,
Beregovoy performed certain functional tests, described his sub-
jective feelings, evaluated his own ability to perform assigned
tasks, investigated the work capacity of the visual analyzer, and
reported on the condition of the skin of his face and hands [289,

30, 44]. Beregovoy's tasks also included the evaluztion of tech-
niques of working with various types of equipment and systems
and conducting scientific experiments in space [42].

-14-
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During lift-off and insertion into orbit, Beregovoy's
pulse frequency rose to 102—103 per min, and his respiration
rate was around 30 per min {25, 26, 52]. O. G. Gazenko ob-
served that Beregovoy was well trained to withstand the accele-
ration stress during the powered sector of the flight, and that
the above increases in heart and respiration rates were in keep-
ing with the G-load [55]. During the first orbit Beregovoy's
pulse rate dropped to 75 per min [24, 28]. During the first night
his pulse rate was 56—60 per min and respiration was 16 per
min. The following morning the pulse rate rose to 64—66 per
mir. The EKG picture was normal, showing that Beregovoy's
adjustment to weightlessneas was good [15]. During this 22nd
orbit (when he was performing the second rendezvous with
Soyuz-Z} Beregovoy's pulez was 63 and respiration 16 per min
[i8}.

For the remainder of the orbital flight Beregovoy's
pulse varied from 52 to 67 and-his respiration from 12 to 18
per min [17, 30]. After the first night his heart rate during
sleep-tended to remain around 52 per min [26]. Gazenko noted -
that after the first day Beregovoy's pulse and respiration fre-

-quency tended f{o correspond to the initial pre-flight levels. He

added that no obvious deviations were noted on the EKG or seis-
mocardiograpt: {52]. )

TASS reported that the analysis of biomedical data re-
ceived from space indicated that Beregovoy had retained a high
work capacity and had made a rapid adjustment {o spaceflight
conditions [25, 27). In fact it took Beregovoy about a day to ad-
just to weightlessness [49]. Cazenko states that Beregovoy was
fully aware of the oaset of weightlessness and that weightless-
ness was accompanied by some lability in the pulse, but that
after the first few orbits Beregovoy fully adjusted to flight con-
ditions [52]. Reentry acceleration stress did not constitute a
problem in the present case because the aerodynamic descent
of Soyuz-3 reduced the reentry stress to between 3 and 4 G, in-
stead of the usual 8 to 10 G experienced during ballistic descent
[54].
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Despite the recorded increase in solar aciivity during

' ‘the 'Soyuz flight, radiation counters on Soyuz-3 indicated that

the amount of cosmic and magnetically trapped radiation receiv-
ed by ‘Beregovoy corresponded to the anticipated amount and did
not exceed the safe limits [25, 55].

The work-rest schedule for the Soyuz-3 flight was de-
signed with the idea of retaining Beregovoy's mormal “terres-
trial"” rhythm of activity. Beregovoy's program in space foi-
lowed the daily pattern he had observed on earth prior fo his
flight. Gazenko points out that this may well have contributed
to Beregovoy's general sense of well-being. His sleep was
satisfactory (although he did have to strap himself in to keep
from awakening) [41, 55].

. Throughout the flight Beregovoy had a good appetite
{18]. His diet was sufficiently varied and included nutriious,
vitamin-rich products{2800 kcal per diem) [55]. On the third
day of flight, for example, his dinner consisted of chicken filet,
cookies, cocoa with milk, and prunes {21].

Gazenko concluded his evaluation of the biomedical as-
pects of the Soyuz-3 flight by stating that execution of various
work operations and physical exercise was accompanied by ade-
quate physiological responses on the part of the organism. The
retention of high work capacity enabled Beregovoy to carry out
a heivy program of scientific and technical experiments [55].

A detailed post-flight clinical and physiological exami-
nation did not reveal any substantial deviations in the health of
the cosmonaut. The only findings were a moderate temporary
depression of some of the physiological indices of the cardio-
vascular system, weakly expressed indications of genera: fa-
tigue, and a loss of about 2 kg in body weight {52, 55].

Life Support Systems and Cabin Enviror.nent

Professor V. V. Parin stated that the Soyuz-3 had ad-
vanced sysiems of life support capable of more extended flights
[22, 23]. Feoktistov indicated that the fife support systems of
the Soyuz spacecraft provided a shirt-sleeve environment and
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had a 3883y capebilily {532, 34] € G. Gazerks poinisd out
that one of ihe biomedics: chjeciives of the Soyvux-3 I5ight was
"1 test the cemplex of life sugnori sysiems usders zoival Space~
flight conditions™ {351

The Iife sypport sFstems consisles of 2o aimasphers
regeneraiing sysiem 202 z thermoregulaiony sysien:. Simoes-

phere regenerciion wes besed on siored 3ixsl meisls whish

2n? absorbed U0, ard human gasecus melzbolic
products, a2nd mainteined 2 rormal lerrasirial enzironmerdt,

»
The thermoregulaiory sysiem maintzined the reguired fenpers-
ture zrd hirnidity. Excess humidily was rer—ovsC from 82 38—
masphere of ike cabins by hezt-exchanger 2nd lemperatura-veg-
ulzation uniis, wkich condensed and coliecied the moisivyre in
specizl coniziners. Temperzivre and humidily cowld be z3diusi-
eg by the cosmonzut for Ifis comfort {531

Thece new 1ife Suppert systems spparentiy provided a
Bormak, Ses level, ferresiriz! enviromment, 23 is syidernt from
tbe TASS reporis pobiished during the fiighi of the Soyiz-3.

Thae = I e v - - - =3 o - -
Thus, zf 18:45 hon 25 Oot 38, dering the 5th ordit, e cabin

pressure wzs 757 men By and ihe temperaiore was 17°C {5, 3,

12]. Cn 27 Oct durjog the 13h orbil, fhe czbin precsure Ead
risen o 98¢ mm ¥z ard the ienperaiure to 21°C {15, 18l By
ihe 2Z2ng prbitf, 2t i8:5¢ b on 27 Oct, the cabin pressurs was
83 rmum Hg =pd the temperzfure was 23 <C {21} By nsonof

28 Oct when Sowuz-3 had compleles 23 orbits, TASS reported
that Ihe temperature ard pressure were kepi within the zisign-

-
% 3l hess - H S e 1T
eg lizmits, but they were o Ionger givesn {17, 38, 2iIL

repcried that 21l iife support systems or the Soyoz-3 funciioned
c

normaily and ihatf dusing ihis period ihe z2tmospheric pressure

» = o o ]
of the cabin was around 806 mumn Hyp, while the temperainre
ariec belween 17 and Z21°C [24, 25]. A1 63:45 h on 28 Og,
-

i g

when Beregovey's fourth werking dax began, TASS reporied the
cabin pressurs w3s 797 mm Hg and the temperature 18°C [24,
255, By 13:03 hon 22 Ocf, when Sovu2-3 had completed ii=
34ih orbif, the femperaivre and pressvre were reporied as nor-
mezi, Sut once more were not specified |26, 271, During the

- -

S B et WAL




il

Riiitelst

HiER

ineghinsn

o e

early morning broadcast of 30 Oct whick took place between
07:08 and 07:20 h, the temperaiure and pressure were once
more reported to be within their assigned limits [34, 35].

Commenting on this subject during the 5 Nov press
conference, Gazenko stated that the hygienic parameters of the
cabin for the entire flight held within the assigned limits. The
total pressure, he said, varied between 755 and 830 mm Hg, and
the partial O, pressure hovered arcund 200 mm Hg. He stated
that the temperature and humidity also remained in the comfort
zone and that preliminary processing of the data indicated the
effectiveness of the life support systems utilized during the
Soyuz-3 flight [65]. This statement is supported by a space
medicine specialist responsible for monitoring the Soyuz-3
flight, who stated that the life support systems functioned per-
fectly throughout the fligh” [486].

Indications-of Future Events

Comments made by Soviet specialists after the Soyuz-3
flight have claried certain points in respect to future Soviet in-
tentions for their space program,

Yuriy Marinin, the scientific commentator for the APN
news agency, stated that the approach maneuver used by Berego-
voy was preliminary training for docking [42]. Beregovoy stated
that Sayuz-type spaceships are.equipped for docking and that
they can be expected to perform this operation in future flights
152]. Academician Keldysh stated.flatly that docking between
‘Soyuz-type spacecraft will take place in future missions [52,

57]. _At.the same time, Keldysh pointed out that the Soyucz
spacecraft are intended for orbitz! and not lunar missions [57].

The "chief designer" stated that the success of the
Soyuz-~3 mission will help in organizing future spaceflights and
that the Soyuz-type spacecraft will apparently be in use for a
long time. Cosmonauts will work out flight procedures on these

maneuverable ships which will become more complex with each
mission [46].
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In respect to the Soviet lunar missions, Academician
Keldysh pointed out that there are many problems to be solved
before man can go to the moon. He stated that until recently
they did not even krew whether a ship returning from the lunar
arra at escape vel. city couid make a safe reentry. However,
he stated that Zond-5 returned safely [52, 57]. He added that
the problem of sending man to the moomn is also related to the
radiation conditions in that area, He stated that if it becomes
possible to get enough information concerning radiation in the
lunar area with automatic equipment, and if it will be possible
tc reproduce these conditions in ground laloratories so that
the effects can be tested on animals, it m2y even be possible to

send man on lunar missions without preliminary animal missions

[52, 57].

Commentagy_

Soviet reportage of the Soyuz-3 flight indii. e ‘1at
they regard it as an unqualified success which inaugurates a
new era of comfortable, maneuverable, orbital spaceships
capable of 30-day missions with multiman crews.

From the life sciences point of view, the most inter-
esting features of the Soyuz-3 flight are the aerodynamic descent
capability and the ""new'" life support systems.

By reducing the acceleration stress from 8—10 G to
3—4 G, the aerodynamic descent capability extends considerably
the length of time that cosmonauts can be safely exposed to the
deconditioning effects of weightlessness, thus providing a solu-
tion for a problem that has been of serious concern to Soviet
space physiologists for some time,

The use of storage-type life support systems based on
alkali metals was something of a disappointment, since these
apparently use the principle on which the old Vostok and Voskhod

were based, except that the Soyuz systems have been expanded
to a 30-day capability.
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However, in view of Parin's comment that the Soyuz
systems were the product of "advanced biotechnology' and
Gazenko's statement that one of the biomedical objectives was
"o test the life support systems under actual spaceflight con-
ditions, " we should not exclude the possibility that, in addition
to the conventional system, experimental life support systems

{or parts of systems) may have been tested during the Soyuz-3
flight,

If so, it Seems reasonable to assumre that the experi-
mental system being tested was a physicochemical one. But
gince the Soviets tend to regard physicochemical systems zas
complementary (and not as alternatives), there is even a pos-
sibility that some of the links were biological ones, working
symbiotically with physicochemical systems. In any case, re-
ported changes in atmospheric pressure and temperature of the
cabin deserve careful attention, since they may provide some
indication as to whether or not experimental life support sys-
tems were tested in addition to the conventional cne.
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) Ir; 1937, L. D. Lacvdau _pre!iicted the structure of the intermedi-
" ate state [7], which in 1947 as experimentally confirmed by
- A. G. Meshkovskiy and A, 1. Shal'nikov [8]. In 1950, V, i.

Ginzburg and L. . Lardzu generalized the phenomenological
theory of G. London and F. Londun [9]; their work made it pos-
sible {o calculate the surface energy on the boundary between the
normal and the supercornducting phase. and to explain 2 number
of other problems. Finaliy, in a series of important papers
-{10—~-24] published in the 1930's, V., L. Ginzburg, L. D. Landau,
A. A, Abrikosov, and L. P. Gor'kov presicoted a new and now
widely accepted interpretation of high-field stperconductors,
based on the concept vf the mair bulk of a high-field supercon-
ductor remaining superconducting up tc an upper critical field
determined by nonfilamentary electronic processes {the GLAG
theory).

These were impressive contributions which alone seem-
ed to promise forthcoming practical solutions. As is only too
weil-known, such solurions have not been worked out in the USSR,
just 2s they have not been ach‘eved in the West. The principal
reason for this disappointing situation is that no materizal has yet
been discoveved which will remain superconducting at iempera-
tures higher than 20°K. The question arises as to what facts
Ginzburg, one of the world's top experts in the fieid, uses as
the basis for his present expectations that a superconducting
coil may be produced working at temperatures well above the
present ones and perhaps even at or above room temperature.

i Search of 2 Non-Phoron Mechanism

It shculd be stressed that the Russians, along with
everyone else, work on superconductivity within the broad frame-
work of the 1957 Bardeen-Cooper~Schrieffer (BCS) thecry. While

conceding that with all its deficiencies the BCS theory remains the

only one to explain the behavior of superconducting materials,
they nevertheless dc not accept all the BCS propoesitions. Thus,
for example, the BCS theory states that the interelectron attrac-
tive forces causing superconductivity are aue to phonon inter-
actions, with the expression for the critical temperature taking
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the form 1/
To=1,14 epC /8

where é€p is the D<Uye temperature and g is the parameter
characterizing the phonon-induced attractive forces between
electrons, It is easily shown that the condition of lattice sta-
bility leads to the inequality

£ <

to]

¥

which means that, according to the theory, Tc must be approxi-
mately one order lower than the Debye temperature. Ginzburg's
hope that room-temperature superconductors may one day be pro-
duced is based on his firmly expressed disbelief {1] that phonon
interaction is the only mechanism which can produce electron
pairing and thus the appearance of the superconducting state,

The possibility of formation of Cooper pairs by some
non-phonon mechanism was first studied by S. V. Vorsovskiy
and M. S, Svirskiy in 1958 [25]. One year later, A. I. Akhiyezer
and I. Ya. Pomeranchuk showed that an additional interaction be-
tween elecirons due to the exchange of spin waves leads to attrac-
tion for a pair of conduction electrons, if this pair is in a friplet
state with zero-spin projection, and to repulsion in a singlet
state {26]. Thus the authors demonstraied that this process can
assist or hinder the occurrence of superconductivity, depending
upon the spin-state of the pairing electrons.

The above pioneering studies, followed by other works
performed by several Moscow, Leningrad, and Kiev supercon-
ductivity researchers, culminated in 1964 in an important paper
by V. L. Ginzburg {27] in which he proposed a two~dimensional
model of a high-temperature superconductor with the Cooper
paire formed due, not to phonons, but to excitons. Almost simul-
taneously, the Phusical Review published W. A, Little's discus-
sion of a new interaction mechanism of the electrons in molecu-
lar polymer chains, which could account for critical tempera-
tures substantially higher than those due to phonon or magnon
interactions [28]. Although some of Little's conclusions were
contested in the West and in the USSR, his paper aroused great
interest among Soviet students of high-temperature superconduc-
tivity, who are given to quoting it in all their recent papers on
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this subject.

Geylikman's "Electronic” Modnl

In 1965 and 1966, B. T. Geylikman of the Moscow Physi-
cotechnical Institute tock up Little's idea and demonstrated that a
purely electron mechanism, analogous to the one the American
physicist ascribed to certain specifically conjugated chains of
organic polymers and leading to similar high critical tempera-
tures, can occur in ordinary three-dimensional metals [29, 30].

Geylikman examined two cases: 1) a pure metal of the
transition group with two overlapping unfilled bands (s and d, or
s and ), or an ordered alloy of two metals (2 compound) with
comparable concentrations of both compounds and a similar siruc-
ture of the electron spectrum; and 2) an ordered alloy of a metal
and a non-metal with comparzable concentrations in which the
electrons of the upper unfilled shell of the non-metal atom are
not collective,

According to Geylikman's study, the first model de-
serves the most attention. Just as in the case of Little's poly-
mer consisting of a "spine” and a series of side chains, the
Coulomb repulsion between the first and second band of Geylik-
man‘s model leads to attraction between each electron pair in
the first band and each pair in the second band. It can be said
that the attractive forces 2re due to the interaction of the elec-
trons in a given band with “he charge-density oscillations of the
other band.

The complete effactive interaction between s- and d (f}
-electrons, -unrestricted by the second approximation of the per-
turbation theory, can be found by the summation of plots in the

so-cailed wtal-density approximation. In a model of loosely
bound s-electrons and strongly bound d (f)-electrons which is
gimple but nevertheless sufficiently close to reality, the calcu-
lations are substantially simplified, indicating that attraction
between the s-electrons outbalances repulsion. In the general
case, the investigations become highly complex. However, in
determined conditions and for real metals, Geylikman's calcu-
lations show that attraction can be stronger than repulsion, the
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f work on high-femperziure
superconduciivily is that published in 3zy 1968 by V. L. Ginzburg
{311 baged mainiy on his own previgus papers, butl 2lso on stwdies
by other Soviet and Western researchers. As possible non-phonsn

mechanisms for the atiraciion between conduction electrons and
thus for the onsei of superconductivity, Ginzburg enumerates the
exchange of spin waves {magnons}, the inferaction beiween elec-
trons in different bands, and the inlerzciior between conduction
electrons and pourd electrors. He sven mentions such exireme
concepis as thzt of puclear forces being responsible for the
superfiuidily in neuiron siars and that of weak interactions being
z possible cause for the superfluidity of degenerzate neutrino
systems.

In praciice, Ginzburg siates, any atiractive mechanism
near the Fermi surface can be called Telecironic™ in ihe sense
that it is the polzrizstion o
which plays the main pert. However, because ihe ferm “elec-
tronic mechanism of superconduciivity’ czn mesn Simpiy that a
superconduciing current is carrieg by electrons, in his last

the elecirons and noi of the ions

-

= hi

works Ginzburg has izken 1o using the ferm ~excifon mechanism
of superconductivily,” having in mind eleciron-iype excilons, and
thus excluding not only phonon exciiziiens but also those due o
magnons and plasmons.

second zand much more serious drawhbsck is that

H
between the excifons and conduction clecirons must be
= 3~
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His calculations show that the two conditions can be

most likely satisfied in "unusual” conducting systems such as
filamentary compounds, layer compounds and sandwiches of the
dielectric—metai-—dielectric type. Even though the prospects

of obtaining sufficiently strong exciton interactions appear to be
highest in filamentary or layer-type chemical compounds, the
author thinks tiiat sandwiches deserve particular attention be-
cause their composition and properties are more easily controlled.

Earlier Elan Slowed Down?

Ginzburg ad:nits that there is no certainty that room-
temperature supernconductors or even matcerials with a liquid-
nitrogen T, will be produced. However, he complains bitterly
that so little attention in terms of funding and scale of research
is paid to the study of such high~temperature superconductor
materials, while entire large scientific research institutes and
laboratories are working fuii-speed on thermonuclear reactors,
Ginzburg explains this disproportion by the application to the
sciences of the same criteria which ladies use in determining
the parameters of their miniskirts,

It should be noted that Ginzburg's complaint about the
present lack of interest in such studies has been corroborated
by other Soviet experts. In his recent review article on studies
of new superconcducting materials performed during the last 3—4
years, N, Ye, Alekseyevskiy [32] quotes only 20 Soviet works
against 45 Western ones., Furthermore, at the last (1958) Mos-
cow Conference of Soviet experts on superconducting materials
{3*, Ye, M, Savitskiy criticized his 250 colleagues particularly
for their insufficient interest in research on superconductivity
congtants, for the slow advance in studies on single crystals of
superconducting alloys and compounds, and for the non-develop-
ment of unitary methode for measuring superconducting charac-
teristics, or of standardized measuring instruments,
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DEVELOPMENT AND APPLICATIONS OF SOME SOVIET ALUMI-
NUM ALLOYS

1, I Y R SR, SOOI

by Dimitri Vvedensky

Aluminum alloys are the most widely used group of
light alloys in modern technology. For example, basic struc-
tures of numerous types of aircraft are made of aluminum al-
loys. Alloys 1or new types of aircraft must have a high strength,
perform satisfactorily at elevated and subzero temperatures,
withstand static loads and vibration, and be corrosion resistant
and insensitive to unavoidable stress concentrators.

Most Soviet high-strength aluminum alloys have been
developed on the basis of the aluminum-zinc-magnesium system.
Although aluminum-zinc-magnesium alloys have a high strength
of up to 5° kg/mm?2, they wers initially of little use because of
their high susceptibility to delayed fracture and stress corrosion
and high sensitivity to stress concentrators. It is assumed that
all these shortcomings are Jue to an intrinsic mechanism of aging
in aluminum-zinc-magnesium allcys.

Ul

Aging of ali age-hardenable aluminum alloys proceeds
in three stages. The first, ""zone-stage," is characterized by
the formation of Guinier-Preston zones without any structural
changes. In this state, the alloys have iow yield strength, high
ductility, high corrosion resistance, and low notch sensitivity
(Fig. 1), The second, "phase-stage,' is distinguished by the
3 precipitation of particles of metastable phases at and near grain
boundaries, The yield strength sharply increases, the elonga- :
3 tion drops, the corrosion resistance reaches a minumum, and
the notch sensitivity increases. In the third stage, coagulation
1 of the precipitated particles occurs, The strength characteris-
: tics decrease somewhat, the ductility increases, and there is a
; : sharp increase in corrosion resistance. The rupture strength,
creep strength, and fatigue strength undergo no substantial
: changes during the three aging stages.




Property

ol o

W

f : Zone Phase Coagulation
H Aging stages

= : Fig. 1. Tensile satreagth (1), yield strength (2), reduc-
= : tion of area (3), elongation (4), impact strength of

= ; aotched (5) and precracked (6) specimens, and corrosion

: : resistance of sluminum alloys in various stages of aging [1].

jLiHtH L

Depending on the alloy composition, the transition from
the zone-stage to the phase-stage of aging occurs at different
temperatures and, in aging at the same temperature, after dif-

] , ferent time periods (Fig. 2). During this transition there are
. certain regions of mixed structure which contain both Guinier-
Preston zones and precipitated particles of the metastable phases.

UM IR H I B

R I

In aluminum-zinc-magnesium alloys, the transition may
occur (provided sufficient time is allowed) at rrom temperature,
at which the mixed structure is very brittle, Therefore, alumi-
num-zinc-magnesium-alloy parts in z~ne-stage condition become
very susceptible to cold cracking after several months of ¢ srvice
or storage. Even if the alloy is aged beyond the transition peri-
od to the phase-stage, it becomes brittle when exposed for pro-
longed periods of time to temperatures of 50--70°C, which are
readily attained in sunlight,

Alloying with copper, modification with such structure
stabilizers as chromium, manganese, or zirconium, and adjust-
i ment of aging conditions were the three methods used by Soviet
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Fig. 2. Effect of temperatures on the length of the
period of transition from the zone-stage to the phase-
stage of aging [1].

1 - Solid solution; 2 ~ Guinier-Preston zones; 3 -~ metas-
table phases; 4 - stable phases.

metallurgists to shift the time-temperature range of the transi-
tion from zone-stage to phase-stage of aging toward higher tem-
peratures, ‘The effort resulted in the development of two higl -
strength alloys, V95 and V96.

V95 alloy (5. 0—7. 0% zinc, 1.8—2.0% magnesium,
1.4—2.0% copper, 0.2—0, 6% manganese, 0, 1—0. 25% chromi-
um) has an average tensile strength of 55 kg/mm?. V96 alloy
(7. 6—~8. 6% zinc, 2.5—3.2% magnesium, 2.2-—2. 8% copper,
0.2—0, 5% manganese, 0,1—0, 25% chromium) has a tensile
strength of up to 70 kg/mm? [1, 2]. V95 alloy was used in the
wing structures of TU-104 and TU-114 aircraft, and also in
aircraft designed by O. K. Antonov. No failures have been re-
ported. This success should be attributed to the Soviet school
of thought according to which research on problems of metal
science, such as development of new steels and alloys, usually is
done in conjunction with the study of the behavior of these ma-
terials under various service conditions. For instance, V85
alloy was used in aircraft structures only after all the necessary
specifications concerning the shape and design of the parts ard
their manufacture and assembly had been definitely established.




st 2

XD

| ‘
ﬁ | “’ ‘ “ |
|

|
|
i
i

|
|
|
’
/
|
|
I
|
i
|

1
|
i

When O. K. Antonov began work on the "Antheus"
{AN-22, a Soviet counterpart of the US C5A], whose main struc-
ture incorporated huge forgings weighing up to 5 tons, it was dis-
covered that neither V95 nor V96 could be used for these forgings,
owing to the presence of manganese and chromium stabilizers,
Both these elements reduce flowability, which causes serious
difficulties in casting large ingots; they also reduce hardenabili-
ty, which brings about a sharply expressed anisotropy of mechani-
cal properties and makes it necessary to use cold water for

quenching after solution annealing, which in turn causes high in-
ternal stresses and distortion,

Extensive research revealed that the stability of the alloy
structure and, consequently, of the mechanical properties could
be ensured without stabilizers by balanced alloying and heat treat-
ment, This led to the development of V93 alloy (6. 5—7. 5% zinc,
1,6—2,2% magnesium, 0,8—1.2% copper, 0.15—0.40% iron),
in which chromium and manganese were replaced by a small
amount of iron. The alloy has very good flowability and can be
cast into ingots up to 1100 mm in diameter. Heavy sections can
be quenched (after solution annealing) in very warm (70--80°C)
water without risk cf solid-solution decomposition, even in the

central portions [2]. This greatly reduces distortion and internal
siressges,:

o Jmimmmmmm

During this investigation it was also learned that if the
phase (artificial) aging at 195°C is.not done immediately after
solution annealing, but ie preceded by zone (natural) aging, it
produces a structure with finely dispersed particles of metasta-
ble phases. The alloy in this condition has a high tensile strength,
50--53 kg/mm? in large forgings [2], at 2 satisfactory resistance
to stress corrosion. The landing gear structure of "Antheus" was
built from V93 forgings at a weight saving of 2 tons. The V93
alloy was also used in the Yak-40 airliner.

The wide use and the critical importance of tte parts
made of V93 alloy justified additional research aimed at improv-
ing its performance. S. I. Kishkina, for instance, found that
the fatigue strength and corrosion resistance of V93 parts can
be significantly improved by surface strain hardening.
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Two other aluminum-zinc-magnesium alloys, 01915 and
01811, are presently being developed. Both have lower sirength
than V95, V396, or V93 alloys, but their susceptibility to crack-
ing is low and they have satisfactory weldability.

More recently, a new family of heat-treatable high-
strength aluminum-base alloys containing lithium has been in-
troduced. The first such alloy, VAD23, contains 4, 9~—35. 8% -
copper, 0.4—0.8% manganese, 1.0—1.4% lithium, and 0. 1=0.25%
cadmium. Cadmium plays a very important part in the alloy: it
delays significantly the diffusion processes and reduces the size
and increases the stability of precipitlated particles of metasta-
ble phases. The alloy has a room-temperature tensile strength
of 54 kg/mm? and a 1000-hr rupture strength of 14 kglmm2 at
260°C [2]. The high mechanical properties of VAD23 at room
and elevated temperatures make it a very promising material
for the TU-144 supersonic airliner. In tests simulating condi-
tions during tokeoff, flight, and landing, VAD23 alloy performed
very satisfactorily. A weight ~aving of about 10% could be i
achieved by substituting VAD23 for AK4-1 alloy (1.9—2.5% cop-
per, 1.4—1.8% magnesium, 1.0—1, 5% nickel, 1.1—1.6% iron),
the Soviet counterpart of the alloy used in the French-British
"Concord" airliner, which has roughly the same flight charac- -
teristics as those of TU-144, Satisfactory performance was
achieved with VAD23 aged to a coagulation stage (Fig. 1), which
produced a very stable structure with relatively low strength but
high ductility, With alloy aged to the highest strength level, even
nigher weight savings could be achieved; however, there is a pos-
sibility of embrittlement after 10,000 hr of operation.

Another lithium-containing alloy is the 01420 aluminum-
lithium-magnesium alloy, claimed to be a unique Soviet develop-
ment (VAD23 appears to be a counterpart of a British alloy).
The composition of the alloy has not been revealed. It is stated
only that it is located in the two-phase o + Al, LiMg region of
the concentration triangle and that the content of magnesium and
lithivm was selected to ensure maximum strengthening by heat
treatment without lowering corrosion resistance. [A higher
lithium content would bring about intensive oxidation of the alicy
in air, and a higher content of magnesium would greatly reduce )
the strengthening effect of heat treatment]. However, it canbe N
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reasonably assumed that the lithium content of 01420 alloy is

considerably higher than that of VAD23 alloy, judging ‘rom the

statement [1] that the density of 01420 is 12% lower than that of
Duralumin-type alloys, which averages 2.8 g/cm 2, meaning
that the density of 01420 is about 2.46 g/ cm? compared to

2,72 g/cm3 for VAD23 alloy [2]. The alloy is also called "light-
weight aluminum alloy” {3], a term which is usually not applied

te individual aluminum alloys since all of them are considered

light alloys.
cast into ingots up to 800 mm in diameter. Its solid solution is
very stabie. After solution annealing, alloy parts can be either
water quenched or air cooled, Air cooling resuiis in somewhat
(2--3 kg/mm?) lower strength, but also in lower susceptibility
to stress corrosion after aging. The alloy is not ageable at room
temperature. For maximum strength, parts are aged at 170°C
for 8 to 24 hr, after which they have a tensile strength of 55
kg/mm2, a yield strength of 50 kg/mm?, and an elongation of
4—5%. For higher ductility, aging at 120°C for 12t0 48 hr is
recommended. In this case the tensile strength (extruded bars)
ig 48--50 kg/mm2, the yield strength is 35—40 kg/mm?’, and the
elongation is 9—11%. The alloy has an elasticity modulus of
7500 kg/mm? {3], which is 8% higher than that of the Duralumin-
type alloys [1]. A3suming 01420 and the Duralumin-type alloys

The 01420 alloy has satisfactory flowability and may be

are of equal strength, the higher modulus of elasticity and the
lower density of the former would yield a weight saving of 12%
in tension-stressed members and 15—20% in compression-
stressed members [1]. The 01420 alloy is avzilable in the form
of extrusions, forgings, sheets and plates. It can be anodized,
silver, copper, zinc, and cadmium plated, and spot and seam
welded, Fusion welding of VAD23 and 01420 zlloys is being

studied at the Electric Welding Institute im, Ye. O. Paton.
Interesting results were achieved with sintered alumi-

pum alloys made of granules—{ine particles obtained by atomiz-
ing mwolten alloys with a content of alloying elements (up to 10%

chromium or iron) significantly higher than the limit _cz‘ their
solid-state solubility in aluminum (i, 4]. Rapid cooling (water
uenching) of atomized particles produced highly supersaturated

q
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aluminum-chromium solid solutions containing up o 2% chro~
miurm {the limit of solid-state solubjlity of chromium in alumi-
num is about 0. 8%}. No zluminum-iron sol-d soluiion could be
fixed at the cooling rates used. The granules were compacied
and the compacis were exiruded zt 450 °C info flat bars 16 mm
thick and 40 mm wide. Al 450°C the aluminum-chromium solid
solution decomposed under precipitation of finely dispersed par-
ticies of CrAl; intermeiallic compound. The mechanical proper-
ties of the exiruded bars were significently higher than these of
conventionally manufaciured bars of the same composition. Al

a chromium content of 10% the alloy had a tensile strength as
high as 50 kg/mm 2, but its elongation was low, only 8.4--1.0%.
With decreasing chromium conient the fensile sirengih drcpped
and the elongation increased {Fig. 3). The effeci of iron wa
much less pronounced. With increasing test temperaiure the
tensile strength dropped, the more rapidly the higher the chro-
mium content. However, zi iemperziures up io 400°C, the feu-
sile strength of alloys with 10% chromium remszined higher than
that of SAP alloys coniaining 10% aluminum oxide (Fig. 4} {4].
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An aluminrm-magnesium-chromium alloy produced by
the above described method combines high strength with high
corrosion resistance, In solution-annealed and aged condition
it has a tensile strength of 45 kg/mm 2, compared to 36 kg/mm?
for the strongest alumairum-magnesium alloy. This alloy ap-
pears to be a ;romising shipbuil ing material, =specially for
hydrofoil craft, which are presently built of unalloyed aluminum,

Elongation, X Tensile strength, %E/mz
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¥ig. 4. Temperature dependence of tensile strength and
elongation of sintered aluminum alloys contaiaing 1%
Al,03 (1), 2% Cr (2), 10X Al,063 (3) and 10% Cr (4). [4]

The SAS-1 alloy, £lso made from atomized particles,
has aiready found fairly wide application in high-p - 1ision in-
struments. The alloy contains 25% silicon and 5% zel, has
the same density as aluminum, ard is distinguished by a low
coefficient of thermal expansicn, 14.00-10  °, which approach-
es taat of steel, It has a fine structure and a tensile strength
of 33 kg/mm 2 ai{ an elongation of 0. 5%, compared to 8 kg/mimn?
and 1. 3% for a conventionally made alloy vhich has a coarse-
grained structure and a much higher coeificient of thermal ex-

pansion 1, 5}
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_SURVEYS

SATELLITE OPTICAL TRACKING PROGRAMS

by Daniel W, Michaels

The increased demands for greater accuracy in visual
tracking of satellites associated with investigations of the detail-
ed structure of the Earth's gravity field, an expanded space tri-
angulation program, and investigations of irregular density
changes in the upper layers of the atmosphere have stimulated
the development of more precise satellite tracking cameras and
techniques. Much of the advanced tracking instrumentation now
being developed in the Soviet bloc originates either in the Soviet
Union proper or in East Germany, Czechoslovakia, or La*via [1].

The standard cameras used at Soviet stations over the
past 10 years, the Soviet-manufactured NAFA-3c-25 (d = 100 mm
f = 250 mm) and NAFA-MK-75 {& = 210 mm, f = 750 mm) have been
modified ‘o meet the more stringent requirements, and new cam-
eras developed in other bloc countries have been tested at Soviet
stations., The NAFA-3c uses a Uran-9 objective and has a field
of sight of 32 x 52°; its fast shutter is connected to a chronograph.
The camera has a reported accuracy of 0',1~—0', 2 in position and
08, 01 in time. A modified version of the standard NAFA-3c-25
has recently appeared in Soviet, East-bloc, and other cooperat-
ing stations as the UFISZ-25-2, UFiISZ-25-2 cameras have,
for exarrple, been sent to Cuba, Mongolir, Mali, and the United
Arab Republic, as well as East Germany, Bulgaria, Rumania,
Poland, and Czechoslovakia {2].

In 1568 the Zvenigorod Experimentsl Station put into
operation the firat model of a new automatic triaxial satellite
camera for photographing faint satellites (up to the 10th magni-
tude). The Zvenigorod camera, which uses an Astrodar objec-
tive designed by Maksutov, nh2s an aperture of 500 mm, a focal
length cf 740 mm, and a mirro- diameter of 1000 mun: {31,

Of tracking cameras developed outside the USSR, the
East German Zeiss-manufactured 420-500-760 satellite track-
ing camera, which was first put into operation in the Potsdam
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Geodetic Institute in 1965 and which was put into serial production
in 1966, represents one of the most advanced instruments for the

precise determination of satellite coordinates against a fixed star
background. Its technical specifications are: d = 425 mm;

f = 760 mm; diameter of main mirror, 500 mm; and plate size,

90 x 120 mm?2. The guide telescope has a magnification of 21.3 x,
a field of sight of 3°, and an effective entrance aperture of 76 mm.
The instrument can photograph satellites up to the 12th magnitude

[41.

Of equal importance is the new automatic AFU-75 cam-
era (d = 210 mm, f = 750 mm), designed by K. K. Lapushka and
M. K. Abele (Riga, Latvia), which went into ope:.tion in 1967,
This camera is especialiy well suited for recording flashes emit-
ted by active geodetic satellites and can photograph the passage
of passive satellites up to the 9th magnitude, In addition to the
original model mounted in Riga, this camera has also been put
into operation at the Zvenigorod, Uzhgorod, and Pulkovo stations

[5].

in 1965 the Czechoslovak Academy of Sciences and Cen-
tral Administration of Geodesy and Cartography also designed a
satellite camera which i now in common use. This instrument,
which uses a Telikon objective, has also been sent to the Soviet
Union and Poland [8].

The Soviet Union is currently participating in several
international satellite tracking programs, some of which are
restricted to the Eurasian conlisient. while others include Ameri-
ca and Africa. Among the former are: 1) The visual satellite
tracking program for the Ephemeris Service. The coordinator
of this program is the Astronomical Council of the Academy of
Sciences USSR. The ephemerides are computed at the Soviet
computer center "Kosmos, " as well as the computer centers of
Poland and Czechoslovakia. 2j, The INTEROBS program.
Base-line visual observations of low satellites are conducted
for the purpose of studying short-period changes in atmnospheric
density. In addition to the Soviet Union, East Germany, Hungary,
Poland, Bulgaria, Rumania, and Czechoslovakia participate in
this program; Hungary is the coordinator, 3). The satellite
photometric observaticn program, which is coordinated by the
Soviet Union and Czechoslovakia. Photometric observations

e — - — =~ e e = e ———




are made of satellites as they enter the shadow of the Earth for
the purpose of studying the asrosol and ozone distribution in the
atmosphere as well as the optical properties of the upper atmos-
phe.e, Special electrophotometric instruments for observing

- the light reflected from satellites in different parts of the spec-
trum-have been developed in the Astronomical Institute of the
Kazakh Academy of Sciences, Alma Ata, and in the Astronomi-
cal Institute of the Czechoslovak Academy of Sciences, Onjrejov.
4). Project SPIN. Photometric observations are conducted of
satellite rotation for the purpose of studying changes in atmos-
pheric density in connection with changes in solar activity. In
addition, the East-bloc states collaborate in the publication of
‘satellite tracking information, the compilation of technical bib-
liographies, and similar undertakings,

The single most important program extending beyond the
Eurasian continent is -thie synchronous photographic satellite ob-~
- servation program undertaken in connection with problems in
space triangulation. The Astronomical Council of the Academy
of Sciences USSR is the coordinator of this program. The first
-space triangulation experiment was conducted in 1961 with the
Pulkovo, Nikolayev, Kharkov, and Tashkent stations participat-
4ing. An accuracy of not more than + 80 m was achieved. In
May and June of 1963 the first synchronous photograph of Ezho-I
was obtained when the Potadam, Prague, Bucharest, and Poznan
stations joined in with Soviet stations. In 1965—1966 a space
‘trizangulation program was undertaken in an attempt to tie in
: African stations {Bamako, Mali; Cairo, UAR) with the European
network. In 1966—1967 a program of observations of the Pageos
: Batellite was initiated involving the Soviet Union, Bulgaria, Hun-
gary, Italy, Mongolia, Poland, Rumania, Czechoslovakia,
Mali, and the United Arab Republic. During these experiments
synchronous pairs of observations were made at Cairo-Zveni-
.gorod (3000 km), Cairo-Poznan (3000 km), Cairo-Riga (3500 km),
X Cairo-Bamako {3500 km), Cairo-Pulkovo (2800 km), Nikolayev-
' D Bamako (5000 km), and Zvenigorod-Bamako (6000 km). Cuba

A g
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and Mongolia also regularly participate in synchronous photo-

graphic observations. Since 1966 the Riga and Uzhgorod stations
; have been participating in observaticns of the Geos satellites un-
' der a program arranged by the Smithsonian Observatory [7].
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At present, the following 16 countries regularly send

satellite observational data to the Soviet Union: England, Bul-
garia, Hungary, East Germany, Holland, Itaiy, Cuba, Mongo-
lia, Mali, the United Arabk Republic, Poland, Rumania, France,
Finland, Czechoslovakia, and Sweden.
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 OCEAROGRAPHIC MATERIAL AT WORLD DATA CENTER "B"

SUMMARY: This survey describes the data collected
and stored at Worid Data Cenier "D" in the Soviet
Union up to 1 December 1965. It is believed to be
the only data of this nature ever published in the
Soviet Union.

'The contacts established by World Data Center "B"
(WDC "B") are wide and diversified, The closest and the m. st
fruitful cooperation in the field of oceanography has been es ab-
lished with World Daia Center "A' ir the United States, with the
national-centers in Canada, Australia, and Japan, and with vari-
ous international organizations (i. e. International Council for the
Exploration of the Sea, etc,).

e I oo

ittt i i

An enormous amount of oceanographic data is being
stored at WDC "B." In respect to the number of cruises and
station observations all of the data can be divided into two ap-
proximately equal parts (see Table 1): the data prior to 1859
{877 cruises and 33,815 stations) and the data for the period
1960—1984 (573 cruises and 27, 688 stations), Data from 34
countries, obtained by 400 ships during 1250 cruises, have been
collected at WDC "B” during these years. The number of inves-
tigations performed in the oceans is not equally distributed. The
largest number of stations represented at WDC "B" was taken in
the Atlantic and the Pacific Oceans; the smallest number — in
the Arctic and the Antarctic., Most of the observations carried
out by various countries were made in the coastal areas; how-
ever, the larger countries (USA, USSR, France, Japan, Canada,
Exngland) algo conducted observations in different parts of the
oceans.

During the last 5 years considerable attention has been
focused on the investigation of the Pacific and Indian Oceans.
There are now twice as many stations in these two areas as there
were prior to 1959, In general, the investigations perfermed dur-
ing IGY and during the last few years have encompassed the entire
territory of the World Ocean.
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Table 1. The data received by WDC "B"

Before:!

1959 g 1960—1964 Total
Number 0f shipS....cvaas 298 190 (98 of this 488
nuzmber did not
take part in
the 1IGY)
Number of cruises...... 677 573 1,250
Number of lighthouses.-: 55 9 (2 did not take 64
part ia the IGY)
Number of permanent
SEAaLioNB.eiicsrcsnacss 164 247 (153 éid not 411
take part in the
(IGY)
Xuober of oceanographic
stationsS......00.0....133,915127,088 61,003
Iypes of investigatiouns Nuzber of neasuresents
Bathytheroograms....... 21,984 23,433 £5,417
Currents
Deep nessurements....: 1,392 223 1,615
Surface measurements.jiil,539 3,563 15,102
Sediments
BOLLORecessossssenassi 1,587 355 1,942
SubbotfoB..sesuncseeaa} 1,137 288 1,425
Relief*, .. ... eecnvees 43 16 59
ioiogy
PIlanklON..vsooeasess.i11,028 4,529 15,557
Pigoent content......; 1,064 1,195 2,259
Primary production...| 1,365 1,691 3,256
Icthyology, etc..... . 981 1,043 2,024

* Xuzmber of cruises during which the relief was investigated.

Gf considerable importance are the datz collected by

the Iniernational Indian Ocean Program, the joint international
investigations of the tropical and northern parts of the Atlantic
Ocean (Northwestland) organized by the ICES, and the "Gibral-
tar” program. The simultaneous participation of ships ard

specialists from different countries made it possible to carry

out an extensive number of investigations and to check out vari-

ous observation technigues.

In addition, such international ex-

peditions attracted .:.ew members; most countries cooperating in
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the field of oceanography became participants (see Table 2).

Table 2. 1Internstioms]l progranm.
. Xuaber of Xumber of
Trogran Nexler aationsjcompleted Progrum Neaber mationg{completed
cruises cruises
Jotat ister—- jArgestinms..... Fi aternationeljiuvstralis..... 23
national Brazfl........ 3 Indfan-Ocesn jCreat Britgin. 2
fuvestiga- [-1 Y1 ¥ T 2 progras Iadonesfa..... 4
tions of the {Spainm......... 2 Portegal...... 2
trepical parcikigeria....... 2 [:1 3.3 SO 4
of the Ivory Ceast 137 WA 15
tiasttc Republic.... 3 france...c..... 6
CScean Repwblic of Socthk ffricas
the Congo Reputlifc.... 9
{3rstasville). 2 B 1Y T T 2
13-4 SN 7 -
BSA:cecuves P s
Total: $ nstisss 31 Total: $ natisns 20

Oceanographic data collected by WDC “B* are obtained
not only from scientific cruises but also from observations made
at permanently operating coastal and high-sea stations. These
observations have been conducted by several countries {see
Table 3), with the USA, Canada, Demmark, Finland, Norway,
the Netherlands, France, and Japan being the most active par-
ticipants. Observaticns made at lighthouses belonging to Den-
mark, the USA, the Netheriands, Ireland, the FRG, Swecen, and
Belgium are also collecied at WDC "R, Data from permanent
stations and lighttiouses are in the form of daily, monthly, or
occasional measurements of oceanographic and metecrological
parameters. Some nations, such as France, the Netherlands,
Australia, Japan, the USA, Denmark, and Great Britain contri-
bute data on surface observations. The amount of data contri-
buted by cooperating nations varies (see Table 5). About 55,000
out of 63000 measurements collected at oceanographic stations
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wére made by oceanographers of the USA, Canada, t‘xﬂ USSR,
‘Great Britain, Japan, Australia, and France. The coniributions
-of these countries in respect to the number of stations ard the
scope of the program vary. The mrultidiscipline investigations
conducted by the USSR, the USA, Janan, the FRG, Carada, Nor-
way, Australia, and France have hau the highest scientific value.
They: included hydrochem:cal and hy:ological stations and bathy-
thermograpluc geological, biological, meteorological, surface,
and current observations (see Table 3}, The data from hydro-
logical and hydrochemical stations and bathythermograph re-
cordings make up the largest part of the material collected.

) The observations performed at individual oceanographic
: stations vary for different countries and cruises. Primarily, the
program of such observations during cruises includes the coliect-
ion of data on the temperature, salinity (sometimes chloride con-
tent); . density, hydrogen ion-concentration, alkalinity, the con-
tent 6t 'Q, N, P, Si, C, and their compcunds, as well as the com-
putaiion of data from the-anomaly of dynamic heights, anomaly of
‘gpecific ¥olume, potential temperature, potential energy, and
sound veloGiiy. Thi methods used ir determining these eiements
vary considérably, and in most cases their description is added
to-the data. Such series of observavions are conducted by the
‘USSR, the USA, Cansda, France, the FRG, Australia, Norway
and othex .ountries; these comprise 50% of all data from oceano-
graphic stations, ThLe other half of the data includes observa-
tions of only the tempersture, galinity, deasity, and oxygen. The
‘data are given-for both the zctual and stardard levels, with sta-
tion depths varying between 290 and 5000—6000 m; occasionally
station depths exceed. 600° ;.

Bathythermographic observations at WDC "B" consist
primarily of photographic copies of bathythkiarmograms; however,
some data are given ir tabular form (i. e. dats ob2ained by the
USSR, the Netherlands; and-Japan). The bathy‘2rimograph rec-
ords supplied by countries other than the USSR are :gcompanied

" by data on surface temperature, salinity, and by data from mete-
orological observations. Although the number of such investiga-
tions is ver> large, the contributions made by differeni countries
on the temperature distribution obtained by means of bathythermo-
graphs also vary (see Tables 1 and 3).
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The small amount of materizl on currents does not de-
crease its great vzlue. The following relatively few countries
ar< coniributing data on the investigatior: of currents: the USSR,
the GSA, Japan, Yugositavia, France, Norway, Canada, Sweden,
Denmark, Finiznd, Great Britain, and the FRG. These coun-
tries have made different contrijbutions to the investigation of
currents (see Table 3). WDC "B" has collexted data from 1615
deep stations and 15, 102 surface-current measurements. In
addition, WDC “B" has maps of surface currents from alrnost
100 cruises off the coast of Caiifornia. The greatest number of
deep-current stations have bteen occupied by the USSR in the
Baltic Sea, the northeastern Atlantic, the torthern part of ths
Pacific, and in the waters of the Antarctic. Seven hundred deep-
and surface-current slations have been occupied by Yugosiavis
in the Adriatic Sea. Japan has made 5000 measurements of deep
and surface currents in the Sea of Okhotsk, the Sea of Japan and

in the northwestern part of the Pacific Ocean. Tre (‘nited Statex 7

has made 3000 deep and surface measurements cover.ng the Gulf
of Mexico, the North Atlantic, and thie Pacific Ocean — the sea-
ccasts of Central America and California. The rest of the meas-
urements were made by France (Strait of Gibraltar, the Gulf-of
Guinea, and Mozarabigue Channel); Norway (Faeroe-Shetland
Channel and the noriheastsmn Atlantic at depths of up to 1000 m);
Canada (North Pacific); Finiand and Sweden (in the Baltic Sea,
where lighthouses have beex conducting daily observations up

to depths of 40 m over the grii several years); Denmark {(daily
surface cbservations at 12 ligiithouses); and by Great Britain

and the FRG (see Table 3). &ll these observations are conduct-
ed using various methods and instruments, Data from dezp
messurements .tored at WDC "B" have been obtained using dif-
ferent types of current meters, The Ekman, Price, and othes
rcurrent meters are used abroad, Floats and bottles have been
uged to collect surface-current data, A considerable amount of
data on currents has been gathered using geomagnetic electro-
kinetographs, particularly by :he United States and Japan,

Exceedingly vaigable geclogical data are stored at WDC
"B" (see TTables 1 and 3}. Th# development of science and tech-
nology has led {o the possiuility of applying new methods for the
study of the relief of ocean flzors and bottom sediments, The
use of echo sounders made it possible to make continuous re-
cordings of relief and has led to several important discoveries.

R

(A

AN SRR

i

oo

balallthpln,




'?‘\1 ‘h[)

e oo i

I

AR N SR NE SN rEAR HRHt oe

AT

i

ﬂ‘inﬂnmmumummmmmmmwm

 “The yiilization of geclagical caféfg of different design,
seismic sourdding, etc., makes it possible to investigate the
bottom sediments and their distribution.

~ The data at WDC “B" include material from 59 cruises
during which the relief of the ocean bottom was investigated (see
Table 3}, The data consist primarily of ocean floor profiles (ob-
servations conducted by the Vityaz', M. Lomomosov, Craeford,
Umitaka Maru, 4nton Dorm, and Gauss), topographic maps { Vema ),
ard tables {Ekvator and EHelland-Eansen).

The investigations of the botiom sediments are repre-
sented primarily by the data collected by the USSR and the USA
and, also, by France, Japan, Australia, and the Ivory Coast
{see Table 3). Information on bottom sediments consists of bof~
tom and sub-bottom samples obtained at 3300 stations, The sub-
bottom samples were obtained by corers. The investigations
conducted by Vityas' (Pacific and Indian Oceans) and by the
"Deepfrecie” American expeditions (Antarctic waters} are e5-
pecially valuable, Trawling and dredging devices were mainiy
-used for the study of bottom deposits which comprise 40% of the
toial number of samples. The material at WDC “B" includes &
large amount of biological data—the result of more than 2000 bi-
ologicsal stations (see Table 1), It consists-of material on plank-
ton (about 70%), primary production, pigrient content, ichthyo-
logical investigations, sea birds, etc. Al.bough several coun-
tries participated in these investigations, the USA, USSR, Cana-
da, and especially Australia and Japan have made the greatest
contribution {see Table 3). The investigations conducted by Aus-
tralia are characterized by their wide scope—the study of pig-

ment content, primary production, and ichthyology. The Japa-
nese data consist of detailed ichthyological investigations con-
ducted during almost every cruise. In addition to the above-
given oceanograrb.c data, almost every expedition collects me-

-teorological data at oceanographic stations and certain other

surface observations. The meteorological observations incliude
data on wind (speed and direction), weather, cloudiness, precipi-
tation, barometric pressure, visibility, humidity, temperature
(dry and wet thermometer}, wave height, and swell,
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Some data on wave height were obtained from instru-
mented obsarvations {wave records, USSR); however, most-of
{iiz Gats are from visual observation (height and pericd of waves).
WDC ¥B" alsc has some material on the color and transparency
of the seas. beveral cruises by ships from Finland, Japan, Can-
zda, and the USA were devoted io the investigation of ice. The

ice observations are included in many programs, such as the
International Ice Patrol Expedition,

The Gata collected by the expeditions are sent to WDC
B* in vavious forms. Primarily, the data consist of typographic
and rotoprint editions, with the remainder consisting of loose
pages in the form of tables. Czrefully prepared and edited re-
ports containing dafa on cruises, maps, description of methods,
ete,, are sent by the following organizations in the USA: Special
Scientific Report Fisheries; Woods Hole Oceanographic Institu-
tion; the Oceancgraphic Branch of the U. S. Navy; Washingion
University; Scripps Institution of Oceanography; and several
other scisntific orpanizations. Some  the other material in-
cludes-the Mamucript Report Series, ¢  ~hed in Canada, and
various publicaticns of the National Canauian Oceanographic
Center; Cahiers Oceanographiques, published in France; Austra-
lian reports of the Department of Fishing Industry and Oceanog-
raphy of the Scientific and Industrial Studies Administration of
Australia; the reports of the Meteorologicz! Department of Japan
entitled TEe Results of Marine Meteorological and Oceamographic
Coeervetions and Exploratory Fishing, pubhsbed by Hokkaido Uni-
versity: journals such as Piakeries of Tokyo Univereity; and pub-
lished data seat by Argentina, the FRG, Finlan¢. and Denmark.
WDC "B" also receives material from international organiza-
tions, such as ICES and ICNAF, publications of varicus national
oceancgraphic centers, and numerous other publications.

The center contains extremely valuable lata, but the
analysis of national programs shows that not all of the datw ob-
tained during the investigation of the World Ocean has been sent
to WDC "B." A comparison of the pregrams of various countries
for the period 1960—1965 with the data sent tc WDC "B" (similar
analysis was made also at WDC "A") shows that not more than
50% of the data obtained was sent fo the center. However, some
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{QUIPMENT FOR XSASURING THE LEVEL OF CCSMIC RADIO
EMISSION IN THE DECAMETER BAND

Since - 959 the Gor'kiy Scientific-Research Instifute of
Radiophysics has used radicastronomical methods to measure
the absorption of decameter-band radio-waves in the ioposphere.
In this waveband, measurements have Leen made of the radio
emission spectra of galactic and powerful discrete sources, and
investigetions have been carried out of fluctuations in the emis-
sion intensity of the discrete sources due to nonuniformities of
the electron concentration in the ionospnere.

A description is given in [1] of the mwcichannel radio
equipment used for the rzception and recording of galactic radio
emission. Each receiver channel consisted of an antermx, an
antenna biock for the cilibration of the equipment; an R-250M
receiver, an output unit, and a recording device, Thec measgure-
ments were performed in the 6—25-3MHz frequency range, with
the majority of them being conducled at €, 9, 13, 18, and 25
MHz a=d at frequencies of 30, 45, and 54 MHz by using 2 fre-
quency converter at the receiver input, ’

Cophased antenna arrays consisting of six full-wave di-
poles, Iocated at a height of 0.2 > (where X is the resorant wave-
length of each antenna) zbove the ground, comprised the individu-
al channe] antennas. These antennas had a directive gain of 43
and a sufficieniiy narrow passband equal fo about 0. 01 from the
resonant frequency at an SWR < 1.2, The maximum of the an-
tenna directional patiern was directed toward the zenith. The
antenna array and connecting lines were made with PAMG-6
cable and were suspended from 12 masts,

To decrease ground losses, wire screens (mesh size,
0.035 1) were provided for the antennas operating at the higher
frequencies. Those operating at 9 and 6 MHz were not provided
with screens, because at these frequencies the electrical proper-
ties of the moist soil (the measurements were conducted during
the fall) were close to the electrical properties of the metal.
The calculated efficiency of screened antennas was about 0, 98

i2].
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- plitude characteristics of tze

Periodic calibraticn of the receiver amplifier was per-

. formed by ke antenna bluck, which contained 2 switch, a 2D3S

- diode noise generator, gas-discharge nojze generators, arf a
circuit for generating time arkers. Tie 21028 noise generzior

was used as 2 reference for measun‘tg the noise figere and am-

receiver arsd for calibrating the
gas-discharge noise generators.

‘The R-250 receiver amplified and filiered the signal
‘One of its outsizrding characieriztics was iis Iow noise figure
@9?}.

Tn the outpat wnit the signal vt squaré-law-delected
ang the ‘impuise noise was imsted. The detection was gze:-form-
#d after doubling the sighaY frequency inorder fo ensure ad
guate: lmea. ity of the zmpliluie clhoracteristics for large sxgna}.

ogtpa:ts The deiscted- -fagual sas then integrated {integration
time.constants, G:i

me.c or 1 sec) and fed iv an iropuise noise limiter
(rise time comi.ans, 10 or S{h s,e;f:}:ﬁé!cre being recorded.

The: operan..g requescy bazdwidth of each channel was

"_debermmeﬁ basically by the Bardwidih 6f the R-259 receiver and

could-be varied from I ic 14-¥Hz. A bandwidth of I~-3 kHz was

 used:for measurements belaw 28 3z, and 2 baadwidth of 6—~312

‘kﬂz ‘was used for measurexients above 30 3Hz.

-The amplitude characteristics of the suiput unit were
‘Linear tc-within 1)~ (-2}%. “’.ec srding of the output signat
-could be performed with or withioty limiling thie impuise noise.
Other characteristics of anjm;.’a-nss* r&exvxrq channel wer
‘power consumption, not more-than 35¢ »; diurnai varjaiion of’ :
-the-gain:(cansed by variations in‘the ambient temperatur ), ot
‘more than 10%; and maximum error in ~s>:xg—-£¢»:r-m mezsurements
of cosmic radio emission {without 1aking inic accouxnt changes in
‘the antenna parameters}, 5%
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DR. .JANUSZ GROSZKOWSKI, PRESIDENT OF THE POLISH
ACADEMY OF SCIENCES

Janusz Groszkowski was born in 1898 and graduated in
electrical engineering from Warsaw Technical University in 1922,
In 1928 he obtained the degree of Doctor of Technical Sciences at
the same university.

) In 1922 Groszkowski began teaching radio engineering in
the Electirical Engineering Department at Warsaw Technical Uni-
versity. He later became head of the Chair of Radio Engineer-
ing there. Presently he is the head of the High Vacuum Chair in
the Electronics Department..

Groszkowski's name has been prominent throughout the
history of Polish electronics., His role, both in the scientific
and organizational aspects of his field, has been that of a pioneer
and he is therefore regarded as the Father of Polish Electronics.

Groszkowski appeared on the internatiorxl scene in 1927,
when he published in Polish and French-a monograph entitled
Cathode- Tubes and Thuir Application ir Radio Engineering, one of
the world's first major studies on the development of electron
tubes. For many years this monograph served as a basic text-
book in colleges in Poland and France,

Groszkowski's most important contributions to electronics
are contained in a series of papers dealing with the theory of ron-
. linear oscillations and frequency stabilization, Theese papers were
published in Poland in 1932, They appeared in the United States
in the Proceedings of IRE in 1933 under the title Py uency Varia-
tious and the Hawmonic Content in Oscillating Circuits. Consiant
Frequency Qscillators, In these papers, Groszkowski 1) demon-
strated tiiat the nonlinear theory of oscillations presents the only
correct picture of the phenomena occurring in various types of
oscillators, and 2) presented a simple method, known as the
"Groszkowski Harmonic Method, ' for analyzing thase phenomena,

As time passed, Professor Groszkowski developed and
expanded his theory. In 1938 he published The Fundamentale of
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Electrical Frequency Stabilization, and in 1947 Frequency Genera-
tion and Stabilization. An application of the harmonic method to
relaxation oscillations was presented in his paper on Frequency of
Relaxation Systems, and another use of this method for transients

was analyzed in the paper, Extemsion of the Principle of the Reac-
tive Power Balance of Harmonics to Continous-Spectre Systems.

A paper On the Temperature Coefficient of Coil Induct-
ance, published in Great Britian in 1935 and in the United States
in 1937, was closely related o problems of frequency stabiliza-
tion. Groszkowski proved the relationship between the tempera-
ture variations in inductance and the skin effect.

Groszkowski summarized his work in these areas in two
monographs: The Generation of Elecirie Cscillations, and Frequency
of Self-Oscillations. The latter was published in 1964 in Great
Britian by the Pergamon Press, Several of Dr, Groszkowski's
works have been translated into Chinese, English, French, Ru-

manian, and Russian,

In the history of the 50 years of radio-electronics pub-
lished on the occasion of the 50th anniversary of the Institute of
Radio Engineers in the United States, Groszkowski's name was one
of seven mentioned in the section on the theory of electrical nonli-
near oscillations. Groszkowski becanme a Fellow of the IEEE in

1965,

Another of Groszkowski's major interests has been in-
dustrial electronics research. Here his attention has centered
mostly on vacuum electronics. During the period between 1935 and
1938, Groszkowski concentrated his research on microwave tubes
and on the development of new methods for measuring vacuums,
His monograph High-Vacuum Technology, first published in 1948, has
gone through three Polish editions and oue Russian edition,

His work in high-vacuum technique and measurements
at pressures below 10~ 10 yorr resulted in the development of an
ionization gauge. French patent rights for this gauge were pur-
chased in 1967, and American rights were assigned in 1968,
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In the realm of electrical measurements, Gr xski
developed a compensation method for investigating the . ribu-
tion of electric fields (1927), which became a starting point for
many works on high-voltage insulating systems; he also applied

photocells for efficiency measurements of tube oscillaters
(1931;,

_ During the-Garman occupation of Poland, Groszkowski
helped - the Aliied caise by unraveling the secrets of the electronic
equipment of the German V-2 rocket. His findings were utilized
in preparing for the defense of Britain,

In the postwar period, Groszkowski initiated scientific
research in television and semiconductors. Basic work in the
development of semiconductor devices, particularly transistors,
was done under his direction. This work led to the development
of large-scale transistor production in Poland,

Groszkowski was instrumental in establishing (1928) the
Institute of Radio Engineering, which later became the State In-
stitute of Telecommunications. He served as President of this
institute until 1639, and then again after the war, until 1850, The
Industrial Institute of Telecommunications, the Institute of Elec-
tronic Technology, the Industrial Institute of Electronics, the
Commmunications Institute, and the Institute of Telemechanics
owe much to Groszkowski's initiative and crganizational efforts.

- He also organized the Electronics Division of the Institute of

Basic Technical Problems of the Polish Academy of Sciences,
and was appointed its first Director in 1851,

In 1920, Groszkowski initiated the establishment of the
Radio Engineering Review, and after - the War he founded and
edited the Archives of Electrioal Engineering. He later edited
the Engineering Series of the Foreign Bulletin of the Polish
Academy of Sciences. Groszkowski is the author of some 200
articles and monographs published in Poland and abroad.
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In 1951, Greszkowski became a member of the Polish
Academy of Sciences. He served as the Academy's Vice Presi-
i dent from 1956 to 1962 and became its President in 1962, He
heads several editorial boards of scientific journals and belongs
to a number of foreign scientific bodies. He also holds two
honorary doctoral degrees. [IP]
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BOOK REVIEWS

ROCKET ENGINES

Mel'kumov, T. M., H. I. Melik-Pashayev, P. G.
C’htzstyakav, arnd A. G. Shiukov. Raketnyye
dvigateli (Rocket engines). Moskva, Izd-vo
Mashinostroyeniye, 1968. 511 p.

In recent years the Soviets have published a number of
monographs dealing with various specific problems of rocket
propulsion technology, e.g., combustion processes, perform-
ance characteristics, basic rocket theory and design principles,
etc. However, . recently published monograph edited by Pro-
fessor T. L. Mel'kumov is the first attempt to present a2 com-
prehensive coverage of this broad subject. The monograph pre-
sents fundamentals of the theory and design of solid and liquid
fuel rocket engines. Intended for a wide range of readers, in-
cluding engineers and postgraduate students in aviation schoole,
the book is based on both Soviet and non-Soviet literature (there
are 60 references cited, 16 of which appear to be of non-Saviet
origin). The authors present a general theoretical treatment of
rocket propulsion technology problems, with illustrations limit-
ed to schematic drawings, There are no photographs or refer~
ences to any specific engines or components. In covering the
problem of rocket control, Mel'kumov and colleagues present a
detailed analysis of rocket engine dynamics. They also place
special emphasis on vibration analysis and the structural integ-
rity of rocket engine components.

The book is divided into two parts, part one dealing with
the theory of solid- and liquid-fuel rocket engines, and part two,
with construction and design calculations ¢f individuaf rocket en-
gine components, and basic information on contrel systems and
automatic control of rocket engines.

The first two chag'ers are devoted tc the basic engine
cycles, parameters, and characteristics of rocket engines and to

the calculation of engine efficiency. Chapter three presents basic

properties of liquid propellants. Processes taking place in com-
bustion chambers of liguid- and solid-fuel rocket engines, the
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rrubiem of liguid-fuel mixing and atomization, and factors af-
ferting the performance stability of rocket engines are covered
iv Chapters 4—8,

Chapters 7, 8, and 9 are devoted to nozzle flow; ther-
meodynamic calewlations, and performance characteristics of
rocitet engines. Hear transfer and chamber cooling are covered
inn Cnapter 10, while Chapter 11 deals with the problem of using
nuciear energy or rocket propulsion. The fundamentals of nu-
clear reactor theory, diagrams of possible nuclear rocket en-
gines, and a comrarison of chemical.and nuclear rocket perform-
ance characteristics are presented. Structural elements of
thrust chamchr snsemblies and methods of calculating their
strength amxl vibrations are presented in Chapters 12 and 13,
The assembly and strength calculation of various elements of
turbopump units for liquid rocket engines, and the elements of
fuel feed systems, including gas generators, valves, piping and
pressure reducers, are discussed in Chapters 15 and 1€. The
concluding three chiapiers are devoted to automatic control sys-
tems and automatic contrel of liquid rocket engines. In particu-
lar, the structural elements, strength calcuiation, and control
of solid-fuel rocket motors are Ciscussed. Chapters 1, 2, 5, 6,
and 11 were written by ‘. M. Mel'kumov; Chapters 3, 4, 7, and
10, by N. I. Melik-Pashayev; Chapters 12, 13, 14, 15, and 18,
by A. G. Shiukov; and Chapters 16 ard 17, by P. G. Chistyakov.
[AS]
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LIGHT SCATTERING IN THE ATMOSPHERE

Ivanov, A. I., G. Sh. Livshits, V. Ye. Pavlov,
B. T, Tashenov, and Ya. A. Teyfel'. Rasseyaniye

sveta v atmosfere {(Light scattering in the at-
rmosphere). Part 2. Aima-Ata, Izd-ve "Nauka",
1968. 116 p.

This - monograph on direct and inverse problems of light
-scattering in the terrestrial atmosphere contains the results of
spectrophotometric investigations of the brightness and polari-
zation of the day sky, scattering functions, and other optical pa-
rameters of the atmosphere conducted in the Department of Op-
tics of the Astrophysical Institute of the Kazakh Academy of
Seizaces. The monograph complements an earlier (1965} work,
Rasseyzniye eveta v atmosfere (Light scattering in the atmos-
phere}, by G. Sh. Livshits. Whereas Part I dealt chiefly with
the results of inveatigations of the direct problem, the determi-
nation-of the radiation field of the real atmosphere, Part 2 attempts
-& ¥nore rigorous-solution of the direct problem and investigates
" th&pnssimhty of solving the inverse problem, the d: srmination
of th® aerosol size spectrum from cbservations of the intensity
ané,’ggknzgtzon of -scattered light.

Cnapter «.~7eys works on sky brightness, comparing
the results of & -~ -woservations with theory. Methods of com-
puting_sky brig 4« - <.« polarization taking into account multi-
ple ‘scattering ans ":e aerosol microsiructures are presented.
C_apter -II'discuss. 3 the variations and interrelations and the
angular and speci’ ' dependences of scattering functions. In-
vestigations of tl. -pility and transparency of the ztmosphere,
scattering function;, and optical thicknesses (total, aerosol,
haze) are summarized, Pure absorption in aerosols is investi-
gated, and on che basis of established properties of the aerosol
scattering function a formula is daveloped relating several opti-
cal parameters of the terrestrial atmosphere, Chapter IO ex-
amines the inverse problem — the determination of the aerosol
gpectrum on the basis of optical sky observations. The rssults
of investigations of the spectrum of ihe larger aeréscl fraction
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which are Soviet, German, and American, including AFCRL-65-
710 (Special Report) and USASRDL Fort Mormouth Tecii. Rept.
2247. The monograph was under the overall editorship of
G. Sh. Livshits, who gives special thanks to G, V. Rozenberg
fcr reviewing it. {DM]
-
-

are given, and the role of Aitken particles assessed. Deviations
from theoretical aerosol models with the Junge size distribution
are indicated.

The monograph is based on 153 references, most of
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