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TME ALLEGED CONTRIBUTIONS OF PEDRO E. PAULET TO
LIQUID-PROPELLANT ROCKETRY'

FREDERICK I. ORDWAY ITI (usa)*t

Not infrequently, the name Pedro E. Paulet appears in chronologles, articles,
and books dealing with the specific subject of liquid-propellant rockets and the larger
areas of rocketry ard astronautics. Paulet (Figure 1), a Peruvian, is recognized largely
because of a letter he wrote from Rome in 1927 to a Lima newspaper. In that letter he
claimed to have engaged in liquid-propellant-rocket experiments while a student in Paris
three decades earlier. Paulet's letter subsequently came to the attention of a Russian
rocket and space flight popularizer who quoted extracts in a book published in German in
1929. The purpose of this paper is to review the backgrouwnd and examine the avallable
evidence concerning the only known claim to liguid propellant rocket engine experinents
in the nineteenth century.

References to the alleged work of Paulet are fairly widespread. Albert Hausen-
stein, for example, wrote ia 191&0:l "we should not fail to mention Pedro Paulet who
carried out, in 1895, experiments with a liquid propellant rocket characterized by a
surprizing performance. During the period 1900-1918, no successful progress was made in
the field of 1liquid propellant rockets based on Paulet's discoveries." After World War II,
George P. Sutton described the Peruvian's work in these terms:®

It is not yet certain when the first liquid propellant rocket motor was invented.
The first practical working rocket motor is claimed by Pedro E. Paulet, a South
American engineer from Peru (1595). He operated a conical motor, 10 centimeters
in diameter, using nitroren peroxide and gasoline 2= propellants and measuring
thrust up to 90 kilograms. He apparently used spark ignition and intermittent
propellant injection. The test device which he used contained elements ¢” later
test stands, such as a spring thrust-measuwring device. He did not publish his
work until twenty-five years later.

+Present:ed at the Third History Symposium of the International Academy of
Astronautics, Mar d21 Plata, Argentina, October 1969.

professor and Head, Science and Technology Applications Dept., Research
Institute and School of Graduate Programs and Research, The University of Alabame in
Huntsville, Huntsville, Alabama. At present, Office of the Administrator, U.S. Energy
Research and Development Administration, Washington, D.C.
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Sutton published In both editions of his Rocket Propulsion Elements a diagram (Flpure 2)
of the motor based on Paulet's written description. In the first {1949) edition, no
direct refersnce is roted, but in the second edition be asssigned Ref. Mo, 2.111:

"P.E. Paulet, Liguid Propellant Rocket, El Cormercio, Lima, Peru, 1920" [sic: 19271.
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In December 1946, a few years before Sutton's book appeared, the Uauddeproneis
lant rocket engineer, James M. Wyld, presen‘ed a survey paper, "The Liquid-Propellant
Rocket Motor," to the 011 and Gas Power Divis'on of the American Society of Mechanical
Enpdreers In New ‘f&r}ﬁ.g Wyld touched on Paulet's claim, and offered a schematle dlagram
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not only of the thrust chamber but of the thrust-measuring spring dynamometer, timer, ard
propellant tanks (Figure 3). Sutton, who cited Wyld in his book apparently took no steps
to check the authenticity of Paulet's claim.

1////4;
| 7A\

Fg. 3
James E. Wyld's Representation of Paulet’s Liquid-Propellant Rocket

Nor did Wyld. But more cautiously, he asserted that the original source of the
liquid-propellant rocket concept remained "quite uncertain," although "there is some
eviderce that the earliest practical working motor of this type was constructed in 1895 by
Pedro E. Paulet, a young engineer of Peru, South America." Noting that Paulet did not
publish an account of his work until 1927 in the Lima newspaper El Comercio (whose spell-
ing, incidentally, 1s El Camercio), Wyld reiterated that "the validity of his claim may be
rather doubtful."



Wyld, unlike Sutton, cited S.B. Scherschevsky's 1929 book Die Rakete flir Fahrt
un Flug as the source of information on Paulet's claim. Wyld simply translated fram
German into English Scherschevsky's own translation into German of extracts from the
Spanish language letter in El Comerclo. In a section entitled "First Practical Experi-
ments,™ Scherschevsky stated categorically that liquid-propellant rocket motors were first
tested by Paulet between 1895 and 1897. Notwithstanding the interval of three decades
betweer. the time of the alleged work and the time he got around to writing about it,
Scherschevsky declared:

At that time one could have experimented with rocket motors operating on liquid
propellants. And cne could have worked with imperfect propellants and materlals.
This must be said to the doubters ard skeptics.

Doubters ard skeptics there have been ever since. One of the first, Willy Ley,
expressed strong reservations in his 1932 booklet, Grundriss einer Geschichte der l-hkete.s
He allotted Paulet's claim slightly over four lines, concluding: "The doubts are obviously
correct." Ley never thousht much of Scherschevsky, either. In the first edition of
fbckets,6 whose title was to expand over the ye:alrs,7 Ley complained:

There are many legends connected with that early period which unfortunately
acquired same permanence because a German-writing Russian by the name of
Aleksander Borissovitch Sherschevsky (sic) uncritically put hearsay into some of
his articles, ard iInto his one ard only book.

Scherschevsky, it appears, had gone to Germany to study gliders. But he over-
s*ayed his time and dared not return to his homeland. "Lazy by nature (ard very proud of
it), he earned just enough money for room and board by writing for professiomal journals,"
wrote Ley. "He could have done better if he had written zbout Russia but he didn't; he
felt that what could be said at that time would not be considered too favorable by the
Western mind, and he was gemuinely in favor of the Soviet government. He was a refugee by
accident." Between 1944 and his death 1969, y would not change his opinion about
Scherschevsky, nor give further credence to Paulet's claims of experimenting with liquid-
prupellant rocket englnes.

One who did believe in Paulet was the German, Max Valier. In 1930 he wrote that
a liguid-propellant rocket motor of "astonishing power™ had been developed by the
Perl.urian.8 Valier seemed most pleased that "the 19th century did not close without a
promising beginning to the technical development of rocket .otors." He also felt that
"the work of the Peruvian Paulet is most important for present projects leading to rocket
ships, for it proved for the first time--in contras® to powdler rockets burning only a few
seconds—that by using liquid propellants, the construction of a rocket motor functioning
ror periods of hours would be feagible."

Paulet's claim has continued to arise intermittently. Following Ley's precedent,
however, neither Pendray,’ Ananoff-C nor Willlams ard Epsteinl! credit the Peruvian in
thelr books, although all refer to Scherschevsky in one context or another and certainly
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knew of his uritirg.u Ordway and Wakeford, in their International Missile and Spacecraft
Guide, ? simply state that Paulet "reportedly” tested a liquid-propellant rocket motor;
Ordway and his coauthors ignored him completely in their two-volume survey of astronautics,
as did Shirley Thomas in her eight-volume Men of Space,l" and Bugene Emme in his History
of Space Flight.'”> Bragr in Rocket Engines '* and Glasstone in his NASA-sponsored Source-
book of the Spuce Sciences ' only mention the claim. Fritz, however, in Start in Die
Dritte mmiglraccepts the claim at face value. Prior to Goddard, he wrote, the
liquid-propellant rocket motor was tested only once:

Between 1895 and 1897, Pedro E. Paulet, an engineer, constructed in Lima an
apparatus whose cambustion was not uniform, but rather comisisted in a series of
300 explosions per minute. Pressure oscillated in accordance with this rhythm,
which caused the motor's perfarmance to diminish appreciably. Notwithstanding
this difficulty, a thrust of 90 kilograms was produced.

Whether mentioned or ignored, no serlous effarts were made to try to establish
the valldity of Paulet's claim, or even to search out primary documentation, until the
mid 1960s. In 1966, von Braun and Ordway published some preliminary caunentslg after
locating Paulet's 1927 article--which turned out to be a 2 1/2-column letter written in
Rome and published in the October 7 issue of El Comerclo (Figure 4). After drawing atten-
tion to the plans he was reading about in Jurope for airplanes and spaceships, Paulet wrote
that he, himself, had conceived of these ideas ™THIRTY YEARS AGO [sic] when [I] was a
student at the Institute of Applied Chemistry at the University of Paris." He also
expressed the fear that his claims would not be believed, and called upon his former
student friends in the Latin Quarter to tell the world of his experiments, wi.ch were,
nevertheless, "made, truly, without witnesses,"2C In 1968, von Braun and Ordway published
additional information on Paulet in their Histoire Mondiale de 1'Astronautique.®’ They
included a picture of Paulet and a schematic (Figure 5) he had allegedly drzwn of a
rocket-powered airplane, though 1t was not published until 1965,23 long after his death.
Another drawing, made in 1902 with captions in English, appears in Figures 6 ard 7.

Correspondence and persomal discussions with Peruvian scientific and cultural
officials in Washington and London, with a member of Paulet's family in Peru, and with the
editor of El Comercio, have since yielded further information about Pedro Eleodoro Paulet
Mostajo's life and activities. He was born on July 4, 1875 in Arequipa, Peru. His father
died three years later, and, under the care of his mother, he atterded school in Arequipa
(Figure 8) and later graduated from the local university. In 1895, the youthful Paulet
left for Europe, entered the Institute of Applied Chemistry at the Sorbonne (University of
Paris) in 1898, and received an industrial engineering degree in 1901.+ The next year he

*If he did not start experimenting with rockets until after he entered the uni-
versity, the 1895-1897 dates given earlier are incorrect. However, Paulet does mention,
in other notes and letters, carrying out independent work begimning in 1895.
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Fig. 6
Bvion<Torpado System Paulet (1902

was named Peruvian Counsel in Antwerp, where he ramalned for a few years. Returning to
Pery in 1905, he served as the first director of the Escuela Nacioml de Artes y Oficios
I Lima, argd becane active dn a ponstruction enterprise, In 1910 he returned to Burope,
married Loulse Wilouet of Brussels, and started g publishing Clrm. later, he sevved In
Peruvian consular poste in Novwny, Hollard, Javen, and Avpentina,  He died on Jaruary 90,
155, Wetever experdpertal rocket work Paulet accompllshed, therefore, had Yo Pave been
urdertaken durdng bls early 20s,
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Mg, B
Peden Blecdormo Paulet Youlalo
b. Avequipa, Peru, 1874
Picture Made in Arequipa, 1883

deseription, the Paulet vehicle was to travel with equal ease out to the stratospbere or
dowrt into the depchs of the sea, The batterles of rocket motors are clearly marked
‘ mstepdas An chohetes,” Flpure 5).

Next gay, on Wareh 11, Bl Comergio publiﬂ%migg what 1t considered proot of the
authenticity of the alrplane, reproducing several artist's interpretations of the dnven-
tion, The apiicle Ciret explained that muw Torelgrers bad weitten to Bl Coperelo
requesting details of Paulet's Ideas and ecqiperiments, then summarized an Interview glven
by the Peruvian in Buenos Alres in 1944 in which he had explalied that his rocket aliplane
would fly at 600 miles per hour in the rarefled outer atmospherse; or, at much lower
speeds, "travel 1llke a sutmarine” urder the ocean. He also related that:

in ny native city, Avequipa, bulll over lava from a nelghboring voleanc, we have
no fear of five, For this resson, Pockets re Lhe obliped entertalment (o oy
celebrations. Durlne ny ohildivod, 1 leavred tow to mare then, oucasiormally Lle-
ing to Shelr "tadls! pets with objects attacked Lo them.




later, in Burope, while studying in the Institute of Applied T emistry at the
Sorbonne in Paris, I was seduced by the work of the great chemist Marcelin
Berthelot on the power of explosiv: materiais.

Early in this centwry, there was great intercst in the question of mechanical
motors.

At the Institute, wc were taught that steam motors with performance less than
10 percent and which stood little chance ¢ significant improvement. were
Impotent in the face of progress. The electric motor was not transportable
except by generating power from heavy batterlies. And the new intermal combus-
tior. engine used in automobiles was relatively heavy and camplicated for the
new fi=21d of aviation, which wes then such a novelty. It seemed to me then, as
it does now, that the problem would be solved by utilizing explosive forces not
in enc.osed cylinders pushing a piston . . . but rather by rockets with con-
star> injection of the explosive material amd of simple design.

Unfortunately, neither of these references shed light on the supposed 1895
liquid-propellant rucket engine tests, the principal item of interest and the pedestal on
which Paulet's fame rests. It is one thing to sketch a concept without supporting techni-
cal details and quite another to develop workable hardware. Efforts to obtain documenti-
tion on this from Faulet's son proved unsuccessful.

On December 12, 1965, another article?” (Figure 9) in E1 Comercio stated that an
American document proved “sulet to have been the world forerunner of astronautics. T
evidence given to the newspaper oy Dr. Maruel del Castillo, rresiden’ of the Qrgarisrmo
Nacional de Investigacions Egpaciales, consisted primarily of James H. Wyld'zs June 1947
article. But all Wyld had done, El Comercio had to admit, wa3 to report what
Scherschevsky had said. El Comercio did not quote cr reproduce Paulet's *927 letter from
which Scherschevsky derived his information about Paulet.

It is perhaps ironical that the El Comercio article attacned u "certiffed opy"
of a short note » nearing in an unidentified issue of the Jouraal @‘the Arcrican Rocket
Society which says, "Paulet uid not publish an account of his work until 1327, in on
obscure new: article in Lime, Peru, 'El Commercio' [sic], so that the validity of his claim
may be rather doubtful, but it is interesting nevertheless to quote Paulet's descririlicon
of his motor, 28 abstracted in A.B. Scherschevsky's book The Rocket for Transport Flight
(see encircled upper left portion of Figure 7).

Living in Europe in the 1920s, Faulet certainly had an opportunity to become
acquainted with the work and writings of German and French rocket and astronautical irno-
vators. .ust how many of his ideas were criginal amd how many derived from these sources
it is impossible to determine. Based on information available in October 1969, his claim
of having experimented with liquid-propellant rocket motors in Paris in the late 1890s
cammct be proved. To date, no actual witnesses have been located, nor any solid evidence
uncoverad as to the possible existence of the rocket motor.
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APPENDIX

Translation by the author of Paulet's letter written from Rome on 23 August 1927
amd published in the Lima, Peru, newspaper El Camercio on 7 October 1927.

To the Director of "El Camercio™

In the issue of last 24 July of your esteemed newspaper, I have just seen a long,
illustrated article which reveals an aerial navigation system invented by Max Vallier
(sic), a German. He calls it the "rocket ship" and said that it would be able to reach a
velocity such that New York would be less than two hours away from Berlin.

The rocket alrplane system 1s already known in Burope, haviig been used in var-
ious "aerial torpedos" during the World War. A number of projects have been published in
this regard—especlially in France-~during tie last fifteen years. The rocket ship is,
therefore, only one of many conceptions recently advanced--same accurate, same not so
accurate. The author himself recognizes this by referring to the early pioneers Goddard,
Cberth, and von Hoeftt.

I have been prompted to write the present letter to bring to your attention the
fact that the rocket airplane project was conceived and studied by the umdersigned THIRTY
YEARS AGO when he was a student at the Institute of Applied Chemistry at the University of
Paris. This project, therefore, antidates the construction of modern airplar=s because
the first timld flight of the Wright Brothers at the Auvours Field only took place in
1908.%

My most definitive experiments were conducted with rockets made of anadium
steel, then a novelty, and with panklastite that had Just been Invented by Tirpin, dis-
coverer of melinite. The interior of the metallic rocket was conical and measured
10 centimeters high by 10 centimeters at the open base (mouth). The propellants were
introduced through the upper part of the chamber through opposing ducts provided with
spring loaded valves. The nitrogen peroxide entered through one side ard the benzine
through the other. Ignition was effected by an electric spark from a spark plug, similar
to those used in automobiles, which was placed halfway up the rocket chamber.

On the other hard, in order to wdertake the preliminary experiments the rocket
was provided with outside rings made of long flexible tubes which comnected the above
mentioned ducts to the nitrogen peroxide and benzine tanks and to a lead from the spark
plug to the electric mains. The rocket would ascerd between the two taut parallel amd
vertical wires, between whose upper part was installed a strong, spring thrust measuring
device supporting the pressure of the firing rocket. The dynamometer could give an approx-
imate measurement of the lifting forces.

The results of these experiments were very satisfactory. The 2-1/2 kilo rocket
motor underwent 300 explosions each minute and was not only able to maintain its thrust



against this thrust measuring device but was able to develop 90 kilograms of thrust.
Moreover, it functioned without any noticeable deformations of its structure for nearly
an houwr. Under such conditions, it was possible to venture to foresee a craft provided
with two batteries of 1,000 rockets each (one battery would rest while the other func-
tioned) lifting several tons.

The impossibility of contimuing these experiments with explosives, such as the
nitrogen peroxide, whose handling was so risky, and other personal activities, have made
it necessary for me to postpone my work on this interesting invention from 1897 to the
present time. Moieover, because these experiments were lkaown by several of my European
student compatriots and by the few Peruvians (who at the time were very rare in Paris)
1iving in the latin Quarter, I hope that if one of them is now in Peru he will confirm
the echo of these experiments which were made, truly, without witnesses but about which I
talked to anyone who would listen to me.

Even though I do not have news of anyone who had concerned himself before me
with rocket airplanes, I don't pretemd to regain possession of my fathership of thls inven-
tion because, as in all projects, it is not valid except as a consequence of its realiza-
tion. The inventor of the rocket airplane will be the first one to fly in an apparatus
powered by rockets. Therefore, it is not enough to say that the project of the German
Vallier has been preceded thirty years earlier, ard even perhaps by the more conclusive
experiments performad by the Peruvian, who would like to call to the attention of the
technicians amd inventors of our country this important matter which has led me to write
the present article. In effect that which, but for unhappy circumstances, I have not been
able to achieve can be accomplished (for the advantage and good of Peru) by some other
compatriot who is better prepared than I. It i- necessary that he lay out carefully the
problem and that he adequately use the elements offered by a continually improving modern
technology.

A perfect airplane should: (1) rise up vertically; (2) maintain itself at any
point in the atmosphere; (3) fly at an altitude of more than 20,000 meters; (4) possess an
exterior which would not be deformed by atmospheric agents ard whose interior would be
suitable for a large mumber of passengers and a heavy load of merchandise; and (5) could
descend vertically.

It 1s clear that modern airplanes are no more than "automotive comets™ whose
propellers give low performance, whose parts are almost completely uncovered, and which it
is iImpossible to maintain motionless in space. These do not satisfy any of the earlier
mentioned conditions and should be considered in aerial navigation as forerunners-——somewhat
as, in maritime navigation, salling ships earlier crossed the oceans. Helicopters, for
their part, can go up ard down vertically but, because of their complexity, have up to now
not been able to undertake effective flights. Finally, the dirigibles or "lighter than
alr craft,” outside of their enormous cost, are also restricted because of the "law of the
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cube of the veloc:u:y."2 They are nevertheless the craft that have been used to carry the

greatest number of passengers and are the first to have crossed the Atlantic between
Germany arnd the United States.

We noted, on the other hard, that Vallier's rocket airplane, like the one repre-
sented in the figure published in "El Comercio," satisfies neither of the corditions we
have seen above. If its projectile form permits it to go straight up, one does not see
how it changes to the horizontal direction without subjecting its passengers to acrobatic
maneuvers. Even less do we see how it can go down vertically. Well, the first advantage
of the application of rocket motors consists in tnat they form an cutside force to the
apparatus that is manageable from the inside, which permits it to have whatever form may
be desired, i.e. that which 1s the most appropriate. This becames in my judgement-—in
order to slide through a variable, stirred up, and "fecund in stress" fluid as the
atmosphere~——the lenticular form with convexity such that it is almost equal to that of an
ovoid, such as our planet incorporating, thus, lower and horizontal batteries of rockets
whose angle of firing could be varied. It would be possible to direct oneself vertically,
longitudinally, amd obliquely, resisting any contrary forces that the ambient fluid might
produce, remain in space, and then descend to the grourd.

With such advantages, one can ask why rocket airplanes have not been made, even
more, why rockets have not been placed tangentially on a wieel which would form the most
simple and most potent of industrial forces; amd why rocket projectiles haven't elimirnated
the costly use of cammons in war, etc.,etc. Well, as a result of my own experience, I can
reveal why: 1t 1is because of the great difficulty that a civilian has, especially in
Europe, to obtain information on, and experiment with, explosives. Moreover, because the
convenient explosives are of "juxtaposition" type ard not solid, but rather liquid or
gaseous, they are not sold commercially due to their uncertain ard dangerous camposition.

But, during the last fifteen years, the sclence of explosives has progressed
from a practical point of view, ard explosives arz not now monopolized by the military.
Explosives today are now to the engineers what the ax was to the woodcutter, the pick was
to the miner. In*ernal combustion motors are replacing steam engines; pyrotechnics is nc
longer an art; and chemistry manufactures a series of explosives as varied as coloring
compourds and perfumes. Amnd this progress 1is going to advarnce into formidable studles of
radiocactive forces. For example, M. Esnaut (sic) Pelterie has calculated that a rocket
ship, weighing 1,000 kilograms with a motor fed by the disintegration products of 2 deci-
grams of radium, would produce a force of 40,000 hp over a period of 1/2 hour, sufficient
to be able to go to the Moon in 24 minutes, § seconds and return from this satellite in
3 minutes, 46 seconds.
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It is true that even now we do not know how to utilize the mechanical energy of
radium as we do that of petroleum. But, we don't need so much to travel modestly from
BEurope to Lima in a couple of hours.

Your humble ard obedient servant,
Pedro E. Paulet
Chemicgl Engineer

(1) Nevertheless, it must be said that an airplane project, completely like
those actually existing with its wings, body, and airship motors—even
though it did not involve any explosions and propellers, was described by
Sir John Cayley in 1809.

(2) The necessary force to transmit increasing velocities to a dirigible would
proportionally increase as the cube of the velocity desired. This offers
an advantage to the large globes; but, then air resistarce goes up con-
siderably, in accordance with the formula R KSV, where R 1Is the resistance,
S the surface in square meters, V the velocity in meters per secord, ard K
a constant (0.08 to 0.16).
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