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THE DEVELOPMENT OF ROCKET TECHNOLOGY AND SPACT
RESEARCH IN POLAND'

Mieczyslaw Subotowicz (Poland)”

FROM THE EARLIEST BEGINNINGS TO THE END OF
THE 19TH CENTURY

‘The first rockets were designed in China after black powder was invented,
‘probably not earlier than the 10th century and not later than in the second half of the
12th century.l The first known military application was during a military engagement
around Peking in 1232. In Burope, rockets were used for the first time by the Tartars,
probably during the battle of Legnica (Dolny Slask - Silesia) in 1241, as reported in
a book by the Polish 15th century history writer, Jan Diugosz.° The Tartars used the
polson gases coming out of dragon heads mounted on long sticks. A little church was
built on the battlegrourd near lLegnica. On the walls inside of the church a fresco
shows the battle> (Figure 1). T. Przypkowskid also found that a monk Seweryn (about 1380),
living in the same monastery, had written on the application of powder to propell the
"tubes," which probably were rockets. If this is true, it would be the first written
statement on rocket application in Polard.

The first Polish description of rocket production appears in the book of
M. Blelski, published in 1569,“ (Figure 2). According to his own experience and experi-
ments, the author provided exact descriptions of how to produce military powder rockets
(Figure 3). The next Polish author to deal with rocket problems was Walenty Sebisch
(1577 ~ 1657), from Raduszkowice by Olawa (Silesia). He was the military architect of
Wroclaw. His manuscripts, discovered bty T. Przypkowsld,3 date from about the year 1600
and contain sketches of rockets with delta-type stabilizers (Figure 4), conic nozzles
in rockets, a rocket battery (Figure 5), and a device similar to the two-stage rocket
(Plgure 6).

The most outstanding early work i1s the maruscript of A. Dell” Aqua (1584 — after
1654) Praxis reczna dziala (Hand Production of Guns). Dell ” Aqua came to Poland from

+Px~esented at the Sixth History Symposium of the International Academy of
Astronautics, Vienna, Austria, October 1972.

“Prof‘essor, Institute of Physics, Experimental Physlcs Department,
M. Curie-Sklodowska University, Lublin, ul. Nowotid 10, Poland
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Fig. 1

Venice in 1613 and remained in the service of the Polish King and the Polish princes up
to the end of his life.s His manuscript was written in Polish over a period of five
years, between 1630-35. At least five copies survive. In Part III of the maruscript
{p. 389, K 187, Cz. 383) is found Figure 171. The rockets G-H are combined In a two-
stage rocket (Figure 7). The second stage H, a rocket battery, contains five little
rockets.

Kazimierz Siemienowicz occupies a distinguishea place in the history of rocket
technology. He was made a Polish General of Artillery by the King Wiadysiaw IV, ad
served during the flrst half of the 17th century. He wrote the well known and outstanding
book Artis Magnae Artileriae . . . , published in Amsterdam in 1650,6 and translated
later into many European languages. The chapter concerning rockets contains the sketches
of a multistep rocket, a rocket battery, the conic rocket nozzles, and delta-type rocket
stabilizers’ (Figuwre 8); the multistage combined rocket is shown in Figure 9. It is
not certain if these rocket concepi.ons are those of Siemienowicz. It is possible that
all these conceptions are earlier than those of Slemlenowicz, Dell” Aqua, Schmidlap,
Biringuccio or }Eas.7 Similar rocket conceptions were advanced, independently it seems,
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by different authors before and after Siemienowicz. In any event, his book was the top
achievement in the history of the rocket sclences up to the .3th century, ramely, to
the time of publication of Britain's William Corgreve. As far as the priority of the
rocket construction ideas is concerned, it is probable that a 1ink between the authors

mentioned above and other unknown authors may have existed, e.g., an earlier author.
Besldes the irgenlous Polish rocket piloneers of the 17th century, we should
mention also an excellent forerunner of airplane desigrers: Titus Livius Borattini {or
Boratyni, :Lé:!(}"—-:tﬁaz},{3 who was borm in Ttaly, He came to Poland in 1641 and appeared
on the King's court from 1650. Apart from his state activity (as tenant of the Kinpgs
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mint), he also conducted research work in sclence and technology; he invented a new
halance, proposed 2 new and general system of units in time, length and welght, and con-
structed models of heavier-than air flying ships (Figure 10). His invention separated
two different functions in the flying apparatus: 1ift force {(now supplied by the wing)
and thrust force (now supplied by the propeller or the Jet erglne}, The Trame of the
wings was bullt of bones and covered with textiles. Human muscle provided the power.
Rockets used in fireworks ard for military purposes were described by
W. Bystrzanowsii, 1749.° later, Captain Jézef Bem, in 1820, provided mony technological
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descriptions of how to prepare raw materials, machines and apparatus to produce the
military rockets.’’ He alsc summrized the results of field experiments carried out
with rocket weapons. Bem gave an sccount of the bombardment of Gdarisk in 1813 by the
Enplish fleet using flre rockets.

LAST YEARS OF THE 19TH CENTURY THROUGH
WORLD WAR 11

From 1895 to 1903 a young man M. Wolfke (1883-1947), later a professor of physics
in the Warsaw Technical Univers’ty (Flgure 11}, dealt (in Warszawa) '1th the problem of

comunications with other plarets, In his Tlrst work, Planetostat, he proposed two
possible ways of achieving cosmle flight, One used a reaction space ship {planetostat).
Tre Torward motion of the space ship was to be realized by the reaction of solid
projectiles or pases leaving the nogzles with great velocity (Plpure 12}.13“ This is
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Fig. 11

probably the flrst weitten statement of a Polish suthor on the application of the

reaction principle to cosmic flight. (We should mention in this context the name of

K. E. Tsiolkowsky [1857-1935] the founder of sclentific astronautics, and a great

Russian and Soviet sciertist of Polish-Russian origin [his father was a Pole, hizs mother,
a Russilan wonanl. Tsislkowsky confirmed this himself in a letter to the Pollsh astronomer,
Professor T. Banachiewlcz), (Flpures 13, 14).

The idea of using charged particles (namely, electrons) . che jet mass Ina
space rocket wes formulated by A, F, Uliriski,lz provably for the first time in tne
sclentific literature {(Figure 15). The source of electron energy was the energy radiated
from the sun ard converted in themmoelectrical batterles to supply the voltare of aboul
250 kY. Ulifdski, a Pole livirg in Austria, studied rocket problems after 1613 while
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Mg, 12

serving in the Auc rian ey, The ordrelnles of vocket rrovuislon ard the problems of
spape flight were also desceribed by ¥, Buardecki uyaf;}m in whab wae probably the Tlrat
Polish sclentilic-nopular book wace Plipht.

Now we shall conslder some lechrical znd sclentiflc papers publisbed ir the

2t century b Poland, 10 1971-32, W. erbmdt;w published sow pepers on the military

applications of rockets, on Clieht to the Jdoon, and out ol the Barth's pravitatioral
fleld. Z. Kroywoblockl, between 1934-39, also published sore theoretical papers on the
militar; applirations of rockets and the rocket propuliaon of Llreralt, Topether with
H. Stanklewloz and others, he per.ormed some tests woth rocket enploen, aiming at stnble
flight of a winged rocket. 0. Mokroyekl (1935), tnoa ponular b *’314:,% Alselared the
appiication of rockets to the purpose of compunlcatioss v Farun an to space Dlaght
beyord the Barth, Of special Interent are the theoretical papers of T, Olpifekd,

P. Demiaficzux and K. Zaranklewlcz, dealing with the efficlency of rropulaion, dyramies
and the mechondes of Clight, ballistics of mocket nrofectiles, wd applicabions of
rockels Lo spare flighe, K, M%mmmgzw arpiyvied the vertical 7lieht of rock
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Fig. 13

an Earth gravitational field, in vacuum, ard in the atmosphere, taking the empirical
formula for the relation of atm. ~here drag to different velocities. He calculated the
time recessary to reach the proper parsbolic velocity as a function of the accepted
model of the atmosphere, the shape of the rocket, the buwrnout velocity of the mases,
and the variation of tre roclets mass (Flpures 16, 17). The paper presents the exact
rathematical so.ution of the problem.
In 1936 Oderfeld, Sachs, and Bermadzikiewicz® set a model Jet propulsion
engine in operation. Systeratie work on the development of rockets was possible after
W . CUILIPS OF TME
GANINAL PAGE 1B POOR 15
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Fig. 17

building a rocket test stand at the Warsaw Technical University, begun in 1938 under
direction of T. Felsztyn together with A. Kowalczewskl, Z. Paczkowski, D. Smoleriski,

W. Stolarek and Z. Tulodzieckl.

(1905), also must be counted among the achlevements in Polish space research.
at the Jagiellonian University in Cracow, and later in Nancy in France.

14

The contributions of A. Szternfeld, born in Sieradz

The main parts

of his well known book Introduction to (:osmomam:ics17 were written in France (1929-32)

He studied
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and In Poland (1932-1933). A. Sztemmfeld moved tc the Soviet Unlon in 1935 where he
continued his successful scientific work in astronautics. His book'! was published in
an extended version in the USSR in 1937.

We should also pay a tribute to the Polish underground movement during
World War II that informed the Allies in England about German work on rocket. development
in Peeneminde on the Szczecin-Bay, and ™ the V-2 rocket flying tests in Middle Poland.
One fired rocket was recovered by Polish partisans and sent without damage to BEngland
for careful scientific and technological investigation. Some parts of the rocket were

also Investigated in occupied Warsaw by Polish scientists and engineers.
FROM 1945 TO THE PRESENT

After World War II several countries pur..ed the development of rocketry, and
scientific ard practical applications were achieved in communications, meteorology,
military, and the exploration of the Solar System. Many investigations were alsoc per-
formed in Poland.

At the beginning we shall mention some of the workers ard papers on rocket
technology. Propellants were investigated by L. Heger, W. Boldaniuk and S. Ciborowski;
liquid propellants by S. Wojcickl; ballistic properties of solid propellants were investi-
gated by D. Smolenski, M. Zembrzuski, M. Dybek, W. Kowalczyk, J. Deweryniak, E. Woiniak,
M. Parulska, J. Grzegorzewski and J. Jérczak. Thermodynamics and rocket internal
ballistics were the subjects of the work of Z. Paczkowski (in a monograph Rocket Flight
Mechenics), D. Marchel, F. Wolnica and R. (dolinski; stability of the flight of rockets
with stabilizers Z. Paczkowski and L. Wasilewska; measurements in rocket technigue,

K. Kowalewski, J. Pakleza, W. Styburski and M. Zembrzuskl; rocket guidance, S. Siawiriski,
R. Dmowski, A. Lizon, K. Holejko, E. Olearczuk, Z. Katliriski and S. Paszkowski; some
military rocket applications were developed by S. Wojciechowski, A. Arciuch,

W. Kozakiewicz, J. Wisniewski, S. Zukowski, Z. Paczkowskl, S. Paszkowski, T. Burakowski,
A. Sala, S. Hormung et al.lu

In the Rocket and Satellite Research Department of the Polish Hydrologic~1-
Meteorological Institute (I [HM), measurements are conducted on the direction and velocity
of the wind at different heights, and the terperature of the troposphere and strato-
sphere. Plctures are received of cloud fields transmitted by meteorological satellites
as well as pictures in the iInfrared part of the spectrum. Atmosphere sounding is per-
formed with the meteorological rockets "Metear-1, 2, ard 3." These investigations were
begun by J. Walczewskl, G. Pawlak and J. Kibinski.lu 0. Wolczek and M. Subotowlicz have
worked on the theory of the nuclear, ion, and plasma rocket englnes. M. Blelecki,

W. Dudonis, R. Janlczek, Z. Kotllriski, B. Korner, K. Makowski, E. Olearczuk,

14
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2. Paczkowski, M. Subotowlcz, K. Zarankiewlcz, W. Zakowskl, et. al, have concentrated on
the theory of the rocket flight. In many papers, M. Subotowicz investigated the theories
~f classic and relativistic mu'tistep rockets. He also generalized the well-known
formula of Ackeret, of the velocity of the one step relativistic rocket on the case of
the miltistep relativistic rocket.’® Different rocket parameters, and the general
characteristics of the rockets and spaceships, were investigated in the papers of

M. Subotowicz, R. Szymariski, R. Vogt and S. Wojcickl.

The popularization of rocket and astronautical problems has been performed by
E. Blaloborski, K. Borun, Z. Brodzki, J. Gadomsii, W. Geisler, A. Marks, J. Salabun,

M. Subotowicz, 0. WoXczek, K. Zarankiewicz, et al. The following people are dealing
with the histary of rocket and space research in Poland: W. Geisler, E. Olszewski,
T. Przypkowski, T. Nowak, M. Subotowicz, J. Thor, et. al.

The possibility of using new rocket techniques for space research stimulated
Polish scientists. At the beginning, this work was concentrated in the Astronautical
Department of the Polish Academy of Sciences (PAN), directed by K. Zarankdewicz (1955-59).
In 1960 the monograph of M. Subotowicz Astronautyka'' was published, covering progress
in astronautics up to 1960. In 1964 the Committee of the Research and Peaceful Use of
the Space was established in PAN; rocket and satellite investigations of the Sun were
realized under J. Mergentaler, and of the interaction of primary cosmic rays with matter
wder M. Miesowicz. Also, a regular service was organized to observe artificial
satellites of the Earth.

The investigations of J. (':admrrslcll9 on the ecospheres of the stars at distances
of about several light years around the Sun has became widely known. The ecosphere
around a particular star means the "life zone," where the thermal conditions exist near
the planets, enabling macro-molecules to develop of essential biological importance
in the development of living organisms. It follows from the analysis of J. Godomskl
that at a radius of about 17 light years around the Sun there exist 14 stars of solar
spectral class that possess ecospheres. But there are only three stars of astronautical
interest.

An interesting project was suggested by O. WOlczek2o to investigate the
cosmologic processes in space by exploding hydrogen bombs beyond the Earth's atmosphere.
Different problems of space physics were investigated in the papers of W. Fiszdon and

J. Jatczak (cosmic ray physics), K. Kordylewski (the matter of the libration points of
the Earth-Moon system), and A. Januszajtis, M. Lunc, A. Marks, M. Subotowicz, O. Wolczek,
and J. Walezewski. Some suggestions concerning the possible verification of the general
theory of relativity using astronautical methods were presented by M. Subotowicz. This
same author presented some proposals to detect antimatter in a Moon laboratory.
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The references concerning all the papers mentioned in this section may be
found either partly in reference 14, or in the scientific and nopular astronautical
Jjournals published in Poland: Technika Rakietowa (1957-63), Postepy Astronautyki (fram
1967), Technika Lotnicza i1 Astronautyczna, Biuletyn Informacyjny of the Polish Astro-
nautical Society (1956-57), and Astronautyka (from 195€). We have not considered here
the papers on space medicine directed by Kaulbersz, Bilski, J. Walawski, S. Barariski,

Z. Jethon, Z. Kaleta, or papers on space law directed by M. Lachs, J. Machowski,
J. Sztuckl and others. All these papers should be referred to separately.

In Poland, the Polskie Towarzystwo Astronautyczne (Polish Astronautical
Society), founded on December 30, 1954, and Komitet d/s Badan i Pokojowego Wykorzystania
Przestrzeni Kosmiczne] Polskiej Akademii Mauk (Comittee on Space Research and its
Peaceful Use of the Polish Academy of Sciences), deal with problems concerning scientific
and popular work in astronautices. The Polish Astronautical Society (PTA) has about
800 members and publishes the scientific quarterly Postepy Astronautyki, and the
scientific-popular bimonthly Astronautyla. Every two years PTA organizes Sclentific
Conferences on the Rocket Technique and Astronautics, and represents Poland during the
International Astronautical Federation (IAF) Congresses and in the Commissions of the
JAF and the International Academy of Astronautics in Paris. FTA also sponsors the
scientific research in astronautics and popularizes astronautical achievements. In 1976
the Polish Academy of Sclences established tle research In close cooperation with the
socialist countries program "Intercosmos," including manned and unmanned flights around
the Earth, and to the Moon and planets.
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