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WINTERCOSNOS" PROCTIAM

Dr. D, PFeleke, H.J. Fischer and Prof. Dr. ¥X.H. Schmeloveky
Central Inctitute for Solar - Terresrt~ial Fhysice of the DAV at Rerlin

In the contribution submitted an introduction will be given , with
the help of =everal examples, into the rignificance of the "Cooperation
of socialistic countries in the sphere of exploration and the neaceful
utilization of cosmic epace" arranred in 1967, The cooperatinge
collectives of the DDR involved have gathered fir=t experience in active
experiments as well as in earth observation vroesrams in A coordin-ted
farhion. A clore cooperation between theory and vractice, hetween renvhyricer,
electronics and data processing rapidly led to internationally noticed

reculte.,

Ye are erpecially happy that the scientiste themselves actively involved
in the rrojects concerned are ready to report on this for our readers.
(Ed.)

Physical Objectives of the Experiments

In the .aest year the effect of the sun on the earth has heen the tovnic
of intencive investiration. The questions concern the thysices of the run -
e.g. clarification of the operatins mechaniem of he ~un =2¢ well as rractical
problems such ar worldwide tr-vel, hipgh~altitude communications or
telecommunications engineering. One can obtain complete cognizance of the
environmental effect on people only throush directed objectives of major

rerearch: outer-rpace research is an essential branch of thie,

The experimental Intercosmos 1 (IC ~ 1) and 4 (IC-4) --ere concentrated
on the exploration of rolar procerses and effects wrile the exmerimental

Intercosmoe 2 (IC =2) was for ionospheric research.

A coordinated earth obrervation, Cosmor 261, already hersun *ill carry




" on and direct the designated experiments from the beginning to a correlation

to the measured parameter. This ir much easier to plan thon are measurements

N

encountered later,

Since the catellite rerves, ro to s2y, ar "vehicle" for a rerie= of

éxneriments, it must be oriented to the run for colar rerearch while for

ionosperic purpores it can be used unetabilized. During the active lifetime

of the ratellite — about 4 monthe - the resultr of mearurements hy the
B cenrors on board ¥ill be carried over a telemetry path to the arprornriately
'Eﬁ equipred earth stations and be available in the form of an analor or digital

recording.

To study the short-wave radiation of our sun one must place cencors

outside the earth's atmosphere because the known spectral ranse ic imnermeahle

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

intenrively under observation:

- active areas of the sun

- percsistent sources of particle emission

- sourcer of sroradic eruptions of energetic particles and of solar vlasma

- UV, X-ray and microvave radiation of the sun

~ temporal changes of solar actively over extensive periode of time =nd

prornortic methods

In the area of ionoesvheric rerearch the following are of current interest:

- local 2nd integral measrurement of electron and ion concentration in the hirsh
nltitude region, 200-600 km

‘ - measurement of the structure and dynamice of the ionosphere hv correlation

of satellite and earth measurement methods

- measurement of electron and ion temperature 2long the line of flight of the
ratellite

Some of the details which .assist in the exneriments of IC « 1 nnd IC - 4
w#ill be introduced.
this entellite:

The following measuring instrumente are inetalled abhoard




. . 1. optical photometer for about 6,100 A (ESSR)
- ? 2., Lyman - Alpha -Photometer for 1,215 A (DDR
3. X~ray spectral analyser in the energy ranrse 5 - 100keV (ESSR)
4. X-ray spectroheliorraph (UASSR)

5. X-ray polarimeter for 0.6 - 0,9 A (UasSsR)

Measurement of the intesral flow in many svectral regions or localization

of active areas by scanners are possible simul taneousely with this egquivment.

An additional measurement method is by absorption srectroscopy. Ry this,

’;] the parameters of the upper atmosvhere are mearured at the same time ar the run

ie ured as the light source and the abrorption of ite radiation on nacesage of

the ratellite in the chadow of the earth is aescertained.

The traneparency of the earth's atmorrhere in high-altitude resion=s, 15 -

100 km, are measured with the optical rhotometer: in the highest ctrata meteor

durt irs prrecent. Ry correlation of this mea~urement +ith the ILyman ~Alpha

measurement one can indirectly determine the composition of the uvper

1 atmosphere. In the Lyman -Alpha rang+ the components 0?, NO and Né and only

L]
O? and N2 in the range of 8 — 16 A. Roth Soviet instrumente, X-way rrectro-
heliograph and X—ray polarimeter serve to mearure and localize the dvnamice

of X-ray radiation sources on the cun. Polarization measuremente alco sive,

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

nonthermal cause of the generation.

The spectroheliosraph rroduces a "picture" of the active regions by

°
ecannine the rrectral resion 8 - 14 A by meane of two slite which are

: perpendicular to one nnosher with a reesolution of 0.3' X 0.1'. The X-ray

; polarimeter worke in the area around 0.8 ﬁ with 2 bervllium diffucor and

' rroportional Geirer counter.

Joint evaluation of the mearurement rerults of there internation=)

evrerimentes resulted in a cerier of intere~tino ercientific findinpe vhich vere

rutlirhed in the anrroprinte specialty Journ-lse,
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Technical Objectiver of the Experiments
In detail, the following basic requirements of the tark are:

1. Development of vhysical rensore (ionization chambe=s, Geiger counters,
reintillators, half-life detectors, etc.) and the vertinant adantion el ectronics
as well as an electricity surply anpropriste to the great demand resuired

by this tyre of equipment.

2. Inteecration of all piecer of equipment into a "scientific commlex" and
structural accomodation to the =atellite.

3. Production 6f a real-time telemetry syrtem of M /FM category (frequency
modulation/vhase modulation) on board as well as on earth.

4, Cain of experience on how the environment affects the inetruments.

The c~tandard satellite (Fig. 1)_has three partst the upper hemiephere
with scientific instruments in the inner and the sensors on an nuter »nlatfowm,
the cylindrical pnrt with the service syrtem (telemetry, telecommand, on
board rtorase) =nd the lower hemisphere vith the electrical runrly syetem,
On the uprer surfaces of the cylindrical part ne houred the solar vanels,
the run rensor, the executing agents of the orientation syrtems -nd tre
antennae, The morition control of the satellite at ite orbital movement
rerults with the help of a2 flywheel and pas jet rerulrion nozzle., ®ip, 2
crove the catellite with the rolar panele completely opened out =nd, in the
bottom viewm one rees the antennne asrembled on the back ~ide of the rrlar
ranels, The inner rpace of the satellite i~ hermeticnlly renled and ecuirred
+ith 2 *hermoresulatory cvetem, Hirh demrndes are nlaced on the equipment
aboard the ratellite esrecially in reg-rd to
- small volume and weight
- vibration and shock resistance
~ temperature nnd radiation resistance
~ low energy consumption
~ high operating reliability

In order to produce reliable on board equipment reliable technnloey
in manufacturine as well a= in testing is r-quired. The conrtwuction is of
1isht metal houring: it hae printed wiring and a rilicium semi-conductor
inetalled. Ar an example nf the on board equipment the X-ray vhotometer

4




Fig. 1. Ceneral view of the ratellite Intercosmos 1 at assemblys: solar panels
partially tilted out.

and the Lyman - Alpha Photometer are displayed here. Fig, 3 showe the
X—r=2y photometer developed through the cooperative work between Tesla VUST
Praha and the Astronomical Institute of the Academy of Science of the E%FR

vith amplitude discriminators for 7 energy bands,

The inrtrument on the ripht - the mensor block - overates in a wvacuunm,
both inctruments to the left of it are in the interior of the catellite.
That on the left outeide and in the middle are the electronic bloek and the
rtorape inctrument, rerrectively. The measurement equipment is joined to the
ratellite with a plug and socket. There are more than 200 transietors
in the instruments and a2 larre number of passive components are bHuilt in.
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Pig. 3. Seven channel X-ray vhotometer (8sSR)

The necessarily high operatine reliability of such complex equirment renuires ?

considerable technical expenditure.

Fig. 4 shows the structure of the Lyman - Alpha Fhotometer that was
developed at the Central Institute for Solar Terrestrial Fhysics of the DAY
in Berlin. This equipment also operates in a vacuum and wars constructed for
there difficult conditions, The radiation censitive element is a =recial
ionization chamber - likewiece, a cingular development. The rtrengthening of
} < the extraordinaryily small direct current for transference of increaring
auantities prescentr a difficult technological problem, Tt wae eolved by

clore cooperation of 211 parte. A pover mack is part of this eguirment

which ir found in the interior of the catellite, as well as a ecender for direct

tranrmiacion of measurement data.

A further technically difficult nroblem ie the interference free

2
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Pig. 4. Photometer for measurement of rolar Lyman_-Alph~ radintion {Contral

Inctitute for Solar

Terrestrinl Physic~ of the
DAY, Perlin)

——— b

cooperation of 1l eouivment pieces in a commnlex of the satellite. ™e

necessary attempt at cohabitntion causes frequent occurence of disturbences

which ean be eliminated only by inten~ive cooperation by all exrerimentors.

Cheervatories in the U4ASTR, the DDR, the gcor and the VR Pulreria

s el
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Fig. 5. Feasurement results of X—-ray molarimeter

aboard the Intercosmos 1 (UdS9R)

marticivated in sround observation. In addition, a reries of other
obrervatories, e.c. in Pumania and Cuba crr-ied out cbeervatione ~ccording
to ~» rroeram tuned to "Council on “un - arth" of the Academy of Science nf

the UdSTR,

Scientific Terults of the Fxrerimente
The equipment on hoard the c~4ellite IC - 1 Tecorded a ceries o+

interesting rthenomenz of rpecial X—-ray evurtions on the ?0th, 72nd, ?23rd

b . B i

and INth of Cctober 1040, At three outbreaks of thir %ind an X—rav rnlarimeter

develored in the UdTSR fixed at » wavelength of IK ectahliched 7 derree of
rolarization of P = 0.4 % 0.2 -7ith » probability of 0.0, Wir, § chowrs the
most important results, In the upver mart the normnl rante of counting of
the polarization - vrornortional counter nnd in the lower vpart tre —=~te of
crunting of the vatrol counter. They renroduce the integral courrce of “he
eruntion. These valuer were mearured on October 20, 1060, T™e dotted values

in the bar in the uprer part show the derree of rolarization (in unmolarized

radintion the dotted volue must coincide vith the continuous valuer), Aes one
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etardings r-diation of the directed electron curren

“tatirticnl m-terinl trece mencuvemenss tere catried out on tre TC - 2,
“ith the relp of the X-ray rrectroheliorrath frorm the UATAR 4hg e¥nme apd
ctrieture of the Xer~y flrres are menenred rimultaneourly, ™ e frrer -ope

found to have n filamentour~chared etricture *ith » lenctb of 1 ~nrilar ~inute
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an? a width of 10 - 20 anpular seconds., The rtructure of the flare ouickly
chanred, the temperature in the interior of the flare region ir higher than
20 million degrees K: the density of electrone comer to 1010 electrons for

every cubic centimeter,

With the help of 2 Lyman - Alpha Fhotometer the average flow nf the
radiation wars determined at 3.7 - 4.7 erg/cmzs at a wavelength of 1216 R.
Furthermore, the density of molecular oxygen on the entry of the ratellite into
the earth's rhadow war determined helow an =2ltitude of 120 ¥m. The hest of
these measurements took pl-ce on October 15, 1060 at 2:0° np,m, GMP at a
latitude of 400. It produced the most imvortant rerult in that the mearured
deneity ies emaller,by a foctor of 2 - 3, than ie given in the CI®A gtmosvhere
model, Pig. 6 showe the »xperimentally odbtained absorption crrves in the
graph of I = £(h). 1In consideration of = possible mistake in the altitude of
+ 5 ¥m the experimental vroof of a low concentration of O? ie reparded ne
cecured. This ir confirmed br resulte of the rocket measurementrs of ™ildman
in Australia (1060°),

The results of the optical photometer (EESR) rhow agreement of the
results of absorption measurements with the calculated values, On the 23rd
of October, at an altitude of 70 km, an anomaly war encountered, i.e. tre
permeability was less than 5%, This ie associated with the presence of

meteor dust of Orion which was at a maxirmrum on the 22nd of Oetober.

The X-ray photometer (6SSR) recorded interesting relntionships hetween
chromospheric eruptions and ionostheric disturbances. It was determined to he
a time =hift between the recording of the X-ray outbreak br the ratellite
and of the influence of the ionosphere. The results ohtrined are imrmortant

for understanding longitudinal wave pr~pogation,

livewire, interesting results are transmited by the IC - ? and rrrticularly
throurh the ionosphere in the altitude range of 200 to 1,100 'm, TData rare
collected about the ion concentration and electron temperature du-inge 100
orbite, Bwvaluation showed a concentration of charged rarticles along the vath

of the ratellite of 2. 104 cm"3 to 106 cm-3 ¢ the electron temperature lay

11
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between 800° K and 3,000° K. Alons with the local electron concentration
measured by probes,the integral electron density by seneing of the two
coherent frequencies of 20 M Hz and 30 M Hz ~nd the evaluation of the
amplitude and phase changes of the received sipnale (with the help of tho
cender "Ma jak" developed in the DDR) as well as the mea~urement of the

F-raday Bffect, were determined.

The evaluation of further mearsurement resultes of the antive exreriments
rernlted by the a2vpropriately aprointed plan of the cooveration in tre

indivdual ~udbrceribine countries.

The ccientific and technical results from the cooperative exrerimentr
carried out by the =ocialirtic countries for exploration and utilization
of cosmic space furthers our knowledge about the environment and rrovides =
starting point for the industrinl utilization of the technical exmerience

rained,
The bibliograrhy will eladly be sent to our readers if des~ired. (T4d,)

Advancement of Science in the Soviet Union

Statictical data which were published recently in the Soviet Thion sroaw
2new ~h=t cirnificonce is attached tc technical =scientific development. The
rate nf crowth of the number of al)l workers in the UdSSR from 1061 to 1066
amounted to 4.3%., The correspondine numerical value, in corparison, of all
in recearch nactivities lay=, in the same rvace of time, ercentially 7, 7%
higher. At prerent.about 2.7 million Foviet citizens wvork in recearch:
that corresponds to a rortion of about 31.47 in the total occup2tional
activitier of the ropulation. The investment in research ie alro veryv
considerable., 7T.¢ million rubelrs were piven for thirs purpose in 1068, Mhies wae

10.87 more than the correspondins sum in the previour year!

Jovian Spot "Whirls"
For a lons time man has obrerved the ro=called red epot in e ntmorrhere
of the ~iant planet Juriter about which scientiete are rtill not clear.

Neverthelerr, thirs red spot has a dimension which it clearly conveve to our

12
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earth, Newest research results from Reese and Smith of Wew Mexico

University now indicate, as communicated in the journ~l "®j14 der Hircenschaft"
Volume 7/1969, that the whirling must be reparded a~ a tremendous whirlmool
phenomenon. Up to now the view adopted war that the red rhape war ~ome cort
of propelling body in the atmospheric layer. Obrervation by the above
mentioned scientiste tracked small black rrots in the surroundine, raridly
expiring rotating area of the atmosphere of Jupiter. In addition, it ie
clearly established that these svirals in the red spo% ~re involved. Tn thir
way even the rotation time of the whirl can be at le.st arproximately be

determined. According to thie, it lies between © and 12 daye.
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