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"INTERCOTTOS" PRO.RAM,!

Dr. D. Felske, H.J. Fischer and Prof. Dr. K.H. Schmelovsky

Central Inrtitute for Solar - Terrest-ial Physics of the DA13 at Pe-iin

In the contribution submitted an introduction will be riven , ,ith

the help of several examples, into the significance of the "Cooperation

of socialistic countries in the sphere of exploration and the neaceful

utilization of cosmic sPace" arran-ed in 1067. The cooperatinp

collectives of the DDR involved have pathered firpt experience in active

experiments as well as in earth observation rroaran in a coordinted

fashion. A close cooperation between theory and practice, bet,'een enrhyric-,

electronics and data processing rapidly led to internationally noticed

results.

Te are especially happy that the scientists themselves nctively involved

in the rrojectp concerned ire ready to report on this for our readers.

Physical Objectives of the Experiments

In the last year the effect of the sun on the earth hnr been the tonic

of intensive investipation. The questions concern the rhyrics of the run -

e.g. clarification of the operatin mechanism of te sun a well as rractical

problems such as worldwide tr-vel, hiph-altitude communications or

telecommunications en,ineering. One can obtain complete cognizance of the

environmental effect on people only through directed objectives of major

research. outer-space research is an essential branch of this.

The experimental Intercosmop I (IC - 1) and 4 (IC-4) --ern concentrated

on the exploration of solar processes and effects w1ile the exnerimental

Intercosmor 2 (IC -2) -as for ionospheric research.

A coordinated earth observation, Cosmos 261, already begun -'ill carry
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on and direct the designated experiments from the beginning to a correlation

to the measured parameter. This i much easier to plan thin Pre measurements

encountered lIster.

Since the satellite serves. so to say, as "vehicle" for a feriep of

dxreriments, it must be oriented to the Fun for Polar research -.bile for

ionosperic purposes it can be used unstabilized. Durinp the active lifetime
4 of the satellite - about 4 months - the results of measurements by the

senrors on board -ill be carried over a telemetry pith to the arrror litely

equipred earth stations and be available in the form of an qnalo- or dipital

recordinp.

To study the short-vave radiation of our sun one must place Penpors

outside the earth's atmosphere because the knowrn spectral range is imrermeable

to the earth's antmoshere. At present the following areas are particularly

intenrively under observation:

- active areas of the sun

- persistent sources of particle emission

- sources of soradic eruptions of energetic particles and of Polar [qnLma

- 1IP, X-ray and micro -ave radintion of the sun

- temroral changes of Polar actively over extensive periods of time ind

pro-nortic methods

In the area of ionosrheric research the following are of current interest:

- local and intefral measurement of electron and ion concentration in te high

altitude region, 200-600 km

- measurement of the structure and dynamicP of the ionosphere hy correlhtion

of satellite and earth measurement methods

- measurement of electron and ion temperature alonp the line of flipht of the

satellite

some of the details -Ihich .assist in te experiments of IC - I )nd IC - 4

will be introduced. The follovinp measuring instrument.- are installed abortrd

this satelites
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1. optical photometer for about 6,100 A

2. Lyman - Alpha -Photometer for 1,215 A (DDR\

3. X-ray spectral analyser in the energy range 5 - lOOkeV (CSSR)

4. X-ray spectroheliograph (UdSsR)

5. X-ray polarimeter for 0.6 - 0.9 A (UdSSR)

Measurement of the integral flow in many spectral region- or localization

of active areas by scanners are possible simultaneousely vith this equi ment.

An additional measurement method is by absorption srectroscopy. 'y this,

the parameters of the upper atmosphere are measured at the Pame time as the run

is used as the light source and the absorrtion of its radiation on Psae of

the satellite in the shadow of the earth ir ascertained.

The transparency of the earth's -qt-osrhere in high-altitude repionp, 15 -

100 kmn, are measured ,ith the optical rhotometer, in the highest strata meteor

durt ir pre-ent. Py correlation of this mea-urement -ith the Iympn -Alrhn

measurement one can indirectly determine the composition of the upper

atmosphere. In the Lyman -Alpha ranpv the components 02, NO and N2 ind only

-nd N in the range of 8 - 16 A. -Roth Soviet instruments, X-ray srectro-

heliograph and X-ray polarimeter serve to measure and localize the d,namics

of X-ray radition sources on the Pun. Polarization measurements al.so Pive,

in addition, information about the possible effect of a magnetic field or

nonthernal cause of the generation.

The npectroheliograph rroduces a "picture" of the active -erions by

scanninr the Prectral region 8 - 14 A by means of two slitr -,'ich are

perpendicular to one another ,ith a resolution of 0. 3 X o. '. The X-ray

rolarimeter -orks in the area around 0.8 ; ,'ith a beryllium diffupor and

roportional Oeirer counter.

Joint evaluation of the measurement resultr of these internationn]

ereriments resulted in a series of interepting scientific findlngs boh -ere

rub-liehed in the apropriaite specialty journ!ls.
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Technical Objectives of the Exrerimentr

In detail, the follo-inp basic requirements of the task are:

1. Development of rhyrical r ezsors (ionization charmbe.e, Ceiper counters,

r cintillator, half-life detectors. etc.) and the rrtinant dation elctronics

as -,ell as an electricity Purply anpropriqte to the preat demand -eciiired

by this type of equipment.

2. Integration of all pieces of equipment into a "scientific co-rlex" and

structural accomodation to the satellite.

3. Produ~ction of a real-time telemetry syrtem of W/PM catepory (frequency

modulation/rhape modulation) on board as vell as on earth.

4. Cain of experience on how the environment affects the instruments.

The tandard satellite (Fip. 1)has three p',rts: the upper hemiephere

K with cientific instruments in the inner and the sensors on an outer rl-tform,

the cylindrical p-rt 'ith the rervice syrtem (telemetry, telecomNmnd, on

board rtorape) and the loi.7er hemisphere -. ith the electrical rurrly !-vrtem.

On the uprer surfaces of the cylindrical part a e houred the Polar rinelp,

tho Pun rensor, the executinp arentp of the orientation ryrtem Pnd tl,'e

antennae. The ropitin nontrol of thn ratellite at its orbital movement

repultr . -.ith the help of a fl,"heel qnd par jet rerulcion nozzle. i 2

rhowr the -atellite ,,ith the roler panelv completely opened olit and, in the

bottom viewm one rees the antennae asembled on the back Piae of the r-lar

panelp. The inner rpice of the eatellite I- hermetically eealed id ecirred

7-ith i thermorepulntory -yotem. Hiph demndr are nlaced on the eqiipment

aboard the fatellite esrecially in rep-rd to t

- semall volume and %,eiht

- vibration and shock resiptnnee

- temperature and radiation resistance

- low enersgy consumption

- hi#h operatinp reliability

In order to produce reliable on board equipment reliable technn~ory

in manufacturinp as vell as in testinp is raruired. The conpt-uction is of

lipht metal hourinirt it has printed "irinp and a silioium semi-conductor

installed. As an example of the on board equipment the X-ray photometer



Fig. 1. (Oeneral view of the ',atellite Intercosmoc 1 at assembly; solar panels

partially tilted out.

and the Lyman - Alpha Photometer are displayed here. Fip. 3 s1ow the

X-ray photometer developed through the cooperative work between TePla VITST

Praha nnd the Astronomical Inptitute of the Academy of Science of the %

with amplitude discriminators for 7 energy bands.

The instrument on the right - the Penpor block - operates in a vacuum,

both intruments to the left of it are in the interior of the Pitellte.

That on the left outside and in the middle are the electronic block and the

rtorape instrument, respectively. The measurement equipment ir joined to the

rtellite with a plug and Pocket. There are more than 200 transistors

in the inptrumentr- and a larre number of passive components are built in.
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A. Antenna, 'oiar Pp.nel
Enude isen-t -R. Vi ev A

( ektronikbehblter 0. Antenna, Polar Panel

Lroe ntenneRKO D. Solar Panel

'T. Orientation tn the suni

" ,2ectronic container

F. PXO antenna

I. e-vice -vy-tem

J. 'ttery nd rppulatox'
nteneSPBatterie und Regler K. " antenna

Antenne KRL L. T TS antennaIA

P'ip. 2. Sketch of the Pbare of 'the smtellite vith so~rtr panels' corpletely

OP~ned out. -6
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Fig. 3. Seven channel X-ray photometer ( SSR)

The necessarily high operatin,? reliability of such complex equirment reniirep

considerable technical expenditure.

Fir. 4 ,hows the structure of the Lyman - Alpha Photometer thst ,as

developed at the Central Institute for Solar Terrestrial Physics of the DVA.

in Berlin. Thip equipment also operates in a vacuum and was constructed for

these difficult conditions. The radiation sensitive element is a rrecial

ionization chamber - likewise, a rinpular development. The strengtheninp of

the extraordinaryily small direct current for transference of increasing

quantities prepentr a difficult technolopical Problem. It R.'Ps solved by

close cooperation of -l1 parts. A po-er rack is part of this eauirment

.As ich is found in the interior of the satellite, as well as a sendpr for direct

transmispion of measurement data.

A further technically difficult rroblem is the interference free
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Fier. .4. Photometer for rneasu-remleflt of r'olar Lyman- -Alphht raito (Central

___________________________________ 
Terres'trial hr~c of the
flAW, Perlin)

cooPeration of -ill eoluiom.ent riecer in a corlrex of' t'he satellite. "'he

necersary attempt at cohabitntiofl causes frequent occUrence 
of dir-turW'flcer

Trlich can be eliminqted only by inten-'ive cooperation by all exrerimentors.

Obrervatorie!- in the ]JdSF7!, t'he DTT, tho. "5 and the V TIlrri
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Pip. 5. 1eanurernent rep-ult - of X-riy ro--rneter

a'.board the Interor.rnoc I. (UdF'R)

rnarticira-tcd in -round obFervation. Tn addition, a r'erie,: of' otner

obpeervatories, ... in -ur".qnia ;qnd Cuba onr-'iod oiit cbperv-.tion- -'ccordinp,

to o rroA-rar tuned to "~Council on un - ,arth" of' the koadt-.- of Fscience rof

the VdF 'R.

Th irntific emiltr of the Pixpeirnents

The equipm~ent on board th, aelite IC - I -recorded ri -eriee ')-I

intereptinfr ,,enomen14 of ep~ecia)l X-rny r-urtionp. on the 2flth, 272nd, ?1-d

ind Inth of October 1060. At three outbrenakr of thir 1kinO an YX-ra-y rol!,rirneter

developed in the UdcNSTD fixed at a !-,),elenpth of 2A ertablirhed -- defprsec of*

rola-rization of P = 0.4 + 0.2 --ith -) probability of' 0.0. Pi,. 9 r~,vr tln

!7ost i'-'ortant repults. In the up-per r-,rt the norr"' l rate o-F oountinp. of'

the rolarization - rorrortional counter nand in ti-e low.er rart the -te of

c'nuntinf- of the rnatrol counter. They reproduce the interl courpe of h

* eru-ntion. These valuen -ere miearured on October 20, 1060. 7'he riotted valiues

in the bar in the upper part rchow the depree of rolarization (in unrol~rized

*radintion the dotted v-lue Tmurt coincide -ith tine continuoup vnluer'). Ar- one
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si0, 150.9 X

- A. Trirht TT in I-

®r vnen ieyac

T~'j; ( ' o~-'t, n -wr~- o' Iy~rkn -&Ph- rndj-ti cm intb .r t'o-he
('eu-+treitz (C -'rvitory o P the C~entral In!-titute P'o"'%-~

i nt nn- i t. O'ne cri ey-l1'iin tbir- 'r rnon-tVerm.-I r-crrtion j-' --

-r' rptirdin - r'cOi~tion of' tle directed elcotron currert. mon(e rm r'ij"-
t~'tj'toa i-terinal tl-e-e -cau ot e-e c-i-rried out o)n tlie TC -A

7ith the 1rPI-n of the X-r,,y rrectrhoIiorrnu-h fror' ti-o Tr' ' !? tl-o 4
(, r

!-tr',ctu-re of the X-r-,y fl -rpfr ire "ie-rir-ed e- rill2 tanoouoly. '' 4 er-e
found to ha ve a. filamentour-rh rnd ptr-icturc -- itl, lenF-th- o-P :I -rmTr -mite
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Rn a iidth of 10 - 20 angular seconds. The structure of the flare rn'ickly

chanred, the temperature in the interior of the flare region is higher than

20 million degrees Ki the density of electrons comes to 10 0lectronr for

every cubic centimeter.

With the help of n Lyman - Alpha Photometer the average flo. of the

radiation -a determined at 3.7 - 4.7 erg/cm2s at a -'avelenth of 1216 .

Furthermore, the density of molecular oxygen onihe entry of the satellite into

the earth's .hadow was determined below an altitude of 120 km. The best of

these measurements took pl-ce on October 15, 1060 at 2:00 D.m. GWIT at a

latitude of 400. It produced the most important result in that the measured

lensity is smaller,by a factor of 2 - 3, than is given in the C17A atmosrhere

model. Fip. 6 shows the ,xperimentally obtained absorption crves in the

praph of I = f(h). In cnnsideration of 1 possible mistake in the aptitude of

+ 5 km the experimental proof of a lov concentration of 0?is regaRrded "ap

"ecured. This is confirmed b! results of the rocket measurements of "ildmi!n

in Australia (1060).

The results of the optical photometer (cC!MR) rhow agreement of the

results of abrorrtion measurements -ith the calculated values. On the 23rd

of October, at an altitude of 70 kin, an anomn-ly -as encountered, i.e. the

permeability war less than 5'. This is associated i.:ith the p-esence of

meteor dust of Orion which was at a maximum on the 2?nd of October.

The X-ray photometer (CSR) recorded interesting relationshinp beti-een

chromospheric eruptions and ionospheric disturbances. It was dotermined to he

a time shift between the recording of the X-ray outbreak b-, the satellite

and of the influence of the ionosphere. The results obtained are imortant

for understanding longitudinal 1,ave prpogation.

IiIewise, interesting results ire transmited by the TC - 2 ,nd pnrticulrly

throuph the ionosphere in the altitude range of 200 to 1,100 I'm. Dta "as

collected about the ion concentration and electron temperature du-inp 100

orbits. Evluation showed a concentration of charged rarticles alonp the path

of the satellite of 2. 10 a cm 3 to 106 cm - 3 : the electron temperature liy
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between 800 K and 3,000 K. Alonp 1,ith the local electron concentration

measured by probes,the integral electron dennity by -ensinp of the two

coherent frequencies of 20 M Hz and 10 V Tz -.nd the evaluation of the

amplitude and phase chanpes of the received nipnal (with the help of tho

render "Majak" developed in the DD) aP "ell ae the -ea-iirem-nt of the

F-raday Effect, were determined.

The evaluation of further meaourement resultr of the active exreriments

-esi,]ted by the appropriately appointed plan of the cooperation in the

indivdu1l "ub-cribinp countries.

The 'cientific and. technical results fron the cooperative exrerimentr

carried out by the !ocialiptic countries for exploration and utilization

of cosmic space furthers our knoeledge about the environment and rrovides a

starting point for the industrial utilization of the technical ex'erience

rained.

The bibliorraphy will ladl , be sent to our readers if desired. (Ed.)

Advancement of Science in the Soviet Union

Statistical data which -'ere published recently in the Soviet U'nion -',

anew "h-t -irnificnce is attached to technical scientific development. The

rate of growth oP the number of all workers in the UdSSR from 1061 to )or6

amounted to A.3'. The correspondin,7 numerical value, in corparipon, of all

in -epearch activities lay , in the same prace of time. er'entially 7.7f

higher. At prepent.about 2.7 million Soviet citizenp -'ork in research%

that corresponds to a rortion of about 1.4 in the total occupational

activitier of the population. The investment in research ic RIeo very

conriderable. 7.0 million rubelr were given for thi- purpose in lO6S. Thi -'ar-

I0.8 more than the correspondinr rum in the previous year!

Jovian Spot "Whirle"

For a lon7 time man hac observed the so-called red rpot inthe atmoerhere

of the !iant planet Jupiter about which rci entists are etill not clear.

Nevertheles, this red srot hac a dimension which it clearly conveyn to our
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earth. Newest research results from Reese and smith of New Mexico

University now indicate, as communicated in the journ-'l "Htild der wisenpchaftt

Volume 7/1969, that the whirling must be rerarded a- a tremendous. wlirlrool

phenomenon. Up to now the view adopted war that the red share war -ome ort

of propelling body in the atmospheric layer. Observation by the above

mentioned scientists tracked small black rotr in the furroundimp, -aridly

expirin. rotating area of the atmosphere of Jupiter. In addition, it is

clearly established that these s irals in the red spot -re involved. Tn thi-

%Tay even the rotation time of the wvhirl can be at le-st ir-oximitely bp
determined. According to this, it lies between 0 and 12 days.
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