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Title:; FISSION PARTICLES AS ROCKET PROPELIANTS, PARTS I AND II
Author: Vayne Proell

Source: Collected Technical Reports, Vol. III frem the Journal of Bpace
Flight of the Chicego Rocket Society; Part I: Vol. I, June 1949,
P. 3-9, Part II: Vol. I, July 1949, p. 10-12

AUTHOR'S ABSTRACT
"In the first report of this series (RNL, Mey 1949) Dr. N. Bowmen con-
sidered the use of accelerated particles as & means of increasing the energy
and reducing the mass ejected in a rocket jet. Fission particles constitute
a self-accelerated type of pertiele which can Pproperly be considered as a
means of getting a high-energy, low-mass rocket jet. It is the object of this
peper to consider these fission fregments for such rocket Jjets. A theorstical
discussion will be given first to examine the basie energy considerations in
the use of fission fragments, and a practical discussion will be then presented
examining the feasibility of using such information in a workeble rocket Jet.
It should be remembered that our conclusions from both these aspects must be
based on some particular mechenism by which we convert nuclear energy intc
thrust, and improvements in the design of such mechanism may alter such con-
clusions later."

DAC ABSTRACT:

In part I & concept of rocket propulsion by ejection of fission frag-
ments, scmewhat similar to Gamow's suggestion of employing alpha-particles for
propulsion, is considered. This mechanism might consist of & monatomic layer
of Uranium 235 deposited on a flat film ettached to & load-carrying structure.
When the Uranium atoms fission, fragments will be ejected in opposite direc~
tions with 2 rendam distribution. Those leaving the £ilm will be lost, thos
in the plane of the f1lm will cancel, but those fragments ejected into and
absorbed by the film will produce useful thrust.

Through a simple geometric analysis corresponding to thet of the foree
required to hold two hemispheres together while their interior is under pres-
sure, the suthor shows that the average force vector along en axis vertical
to the film is one half the average force vector from the fission. He does
not aeccept a priori the law of action and reaction for fission, since the
&bility of recoiling fission fregments to penetrate solid materials is well
known *). Thus, the thrust efficiency might be in the range 70-90% for metal
supports and approach 100% for ion lattices and covalent compounds.
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Quantitative ealculations of momentum eaf by a single fissioning
Uranium atom results in & value of 2.22 x 1077 gram-cm/second. With the
aid of that value, the suthor calculates the weights of Uranium required to
impart various velocities to & 20 ton spece ship, reng from 0.0353 grams

for 1 em/sec. to 35.3 kg of Uranium for a veloeity of 10  cm/sec (10 km/sec).
Additional caleculations indicate that the fissionable material will have to
be consumed at the rate of 1 1b/see. to yield 10 g thrust.

In Part II, Proell ealculates the by-product heat resulting during motor
operation. He recognizes that, due to the fact that for any sccelerated per-
ticle or fragment the momentum increases as the first pover of the velocity
while the kinetic enmergy increases with the square of the veloeity, the emergy =
efficiency of the proposed propulsion system vould be extremely poor. For & .
typicel em}g the ratio of useful work to heat relesse is caleculated to be
only 1.6 x 10" . It is concluded that, while adequate thrust may be come
ceivably developed from a direct eonversion process, it must elwsys be over-
shadowed by concomitent heat effects. In faet, any coolant used to prevent
veporization of the foil could emsily yield the required thrust. The direct
conversion of fission energy to momentum would only furnish about 1% as mueh
thrust _as could the ejected ecoolant. ‘

As an example, Proell briefly discusses a pile motor, holding 10 kg of
enriched Urenium and consisting of & series of folls alloyed onto carbon or
beryllium plates. These plates would be stacked in a hydrogen cooled motor
with gas spaces between adjacent plates. With a plate (or film) ares of
1 square meter, 1000 plates might be required. He states thet such a2 motor
would be "workasble”, but that the heat developed would be more important thsn
the thrust.

Proell has teken s brave step in this paper. Without discussing AEC
Restricted Data, he arrives at the conclusion that the heat output from a
fission process will be of greater importance then the direct conversion of
thrust from the momentum of the resulting fission fragments. This is dis-
appointing to those who expect & direet conversion proecess to produce momentum

without bulky working gas eguipment.
*)Reference: Effects of Radistion on Materials, MDDC-962, USAEC, A. 0. Allen

NOTE: Wayne Proell is listed as Technical Chairman of the Chicago Rocket
Society (in 1951) and his address is given as 10630 South St. Louis Ave.,

Chicego k43, Ill.
Listing: A-GC 1151

GJM
1-12-55
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Title:  HIGH ENERGY PARTICLES AS ROCKET FUELS
Author: Normen Bowman, Ph. D.

Source: Collected Technical Reports, Vol. II from the Rocket News letters
1948-1949, published by the Chicago Rocket Society

DAC ABSTRACT

_ The author examines the theoretical possibilities of obtaining useful
thrust from the ejection of a muech smaller mass of particles than the exhaust
gases of & conventional chemical rocket or even from an injection cooled
atomic furnace, by upping the velocity of the ejected material several orders
of magnitude though still below the practically unattainsble point of sig-
nificant relativistic mess increase. This cen, of course, only be done by a
"nonchalant” squendering of energy. However, energy is prolifically availlable
from atomic sources while jettisonable mass is not. With a plentiful supply
of energy presumably on board, time is not essential and relatively smsll
accelerstions, so long &8s they exceed one gravity, might suffice.

Considering linesr aceceleration of charged particles as essentially
governed by the square root of the voltage of the accelerasting field he tabu-
lates the attainable impulsive exhaust veloecities for various particles from
the electron and hydrogen to mercury, for potentials of 100 to a million volts
and the theoretieal fluid ("fuel") consumption required to yield 100 tonnes
of thrust. The fluld consumed is only a very small fraction of the rocket
take-off weight, contrary to the situstion on conventional chemical fuel rockets.
In & third table the total weight percentage of grossof the amount of hydrogen
(chosen as the most "practical” fluid) reguired to bring a vehicle up to escape
velocity under various sssumptions of voltege and net acceleration is quoted.

Unfortunately, small as the amount of fuel locks in terms of percent of
gross weight, it would be a staggering task to try to accommodate its flow
through any linear electric accelerator of conceiveble design. Much smaller
quantities such as would be reguired for small fraetional g trajectory cor-
rections (as for intersatellite traffic) might concelvably be handled by &
glant electric ion gun. For much heavier particles than hydrogen, possibly
for fission products, the author doesn't want to close the book yet, but
refers to the article reviewed under Serial # 031.

NOTE: Reference is also made by the suthor to "MIT Report #6, by Hsue-Shen,
1ibrary class 940,58, seminar 5k, 55, May 13-15, 1947", dealing with
the proposition of an atomic pile operating st 6000°C eooled by liquid
hydrogen which is evaporsted and ejected at sbout 24000 fps and should
suffice to accelerate a payload weighing 23% of the take-off weight to
escape velocity. This is apparently the subject covered in & lster
publieation by Dr. Hsue-Shen Tsien reviewed under Serisl O2k.

Listing: A-GC 1150

W.B.Klemperer
1-13-55
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Title: THE PROBLEM OF ATOMIC PROPULSION
Author: Dr. lais Alvarez
Source: Lecture before the Washington, D. C., Aero Club, 17 Dec. 1946,

Review in the Bulletin of the British Interplanetary Society,
Vol. 2, #i, May 1947, p. Th %)

DAC ABSTRACT OF BIS REVIEW
In any manned nuclear reactor driven vehicle the ireight of the shield-

ing necessary to proteet the crew from harmful radiation will be an importent -

item. Even on unmeanned rockets some shielding will be required to safeguard
electrical equipment.

The beaming of fission products is dismissed as impractical because of
the dissipaetion of fantastic amounts of energy which any attempt to achieve
this purpose would entail.

The only practical manner of converting nuclear energy into propulsive
momentum seen is that of heating a working fluid to be ejected in rocket
exhaust fashion. Hydrogen in stored and injected liguefied state would yield
the most useful thrust, twice the exhaust veloeity of aleochol-oxygen rockets.
However, enormous technieal difficulties still stand in the way of the con-
struction of such & power plant viz! The pumping and plumbing for the enorm-
ous flow rates, the violent boiling of the hydrogen, aggravated by absorbed
raediation. The chemical danger with which the expulsion of the hydrogen
eloud is fraught are pointed out.

NOTE: Dr. Luis Alvarez, Nuclear Physicist at the Radiation laboratory of
the University of Califeornie, Berkeley, is famous for his dis-~
coveries in nuclear physics, and for his work toward the development
of GCA for which he was awarded the Collier Trophy by the Natiomal
Aercnautic Association.

Listing: A-GC 907
%) Original in U.S. Air Services, XXXII, #1, January 1947, pp. 7, 8, 26

WBK
1-17-55
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Title: POWER SOURCES FOR ORBITAL ROCKETS :
Author: Lewis J. Grant, Jr.

Source: The Journal of Space Flight, vol 3 #9, Nov. 1951, published
by the Chicago Rocket Bociety

AUTHOR'S ABSTRACT

"Qualitative analysis of currently available power sources for robot

satellite rockets shows that all have serious disadvantages and require =

extensive study. Power fram radloasctive sources elther requires heavy
shielding, or electronic components resistant to radiation. Solar power re-
quires complex easily dameged installations and power is unavailable one
f£ifth to one fourth of the time."

DAC_CQMMENT

The auther enumerates the difficulties and dangers attend the con-
struction and operation of & fast burning plutonium power plant (elaborating on
the problems incident to the shielding of flying persomnel, of electrical
appliances, of photographic equipment and of structures, alsc the danger to
personnel on the ground at the take-off site, or in case of a crash elsevhere).
Next he examines the merits and demerits of slow acting canned isotopes as fuel.

He alsoc touches on the structursl problems which are encountered in the
design of solar radistion collectors. :

Finaelly he mentions that even conventional suxiliary power sources such

es batteries and internal combustion engines may be confronted with new en-
vironmental cendition problems, for instance operation while weightless.

HOTE: L. J. Grant Jr. is listed as librarian and sn officer of the
Chicago Rocket Society

Listing: A-GC 1174

WEK
1-17-55
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GRAVITICS

ELECTRIC PROPULSION
IONIC PROPULSION

Titles DIE DYNAMISCHE KONTRABARIE ALS LOSUNC DES ASTRONAUTISCHEN
PROBLEMS (THE DYNAMIC CONTRABARY AS A SOLUTION OF THE ASTRO-
NAUTIC PROBLEM) :

Author: B. Heim, G8ttingen (in Germen)

with an Introduction into the Meso-field Theory by H. J. Kaeppeler,
(in English and Germen) in "Probleme sus der Astronsutischen
Grundlagenforschung, Vortréige gehalten auf dem III. Astromsutischen
- Kongress", Stuttgert, 1-6. September 1952, p. 181-187.
Source: Problems of Astronautical Fundamental Research, pepers read at the
Third Astronautical Congress in Stuttgart, Germany 1-6. September 1952,

DAC ABSTRACT

In the Introduction, Kaeppeler starts from the well-assured assumption that
chemical rocketry will suffice for Earth Satellite missions and even for inter-
planetery expeditions to the near planets and accepts the conelusion thst space
vehlcles to be sent to destinations farther than, say, Mars, will have to be pro-
pelled by power from new energy sources. He “"definitely questions” whether mu-
clear heating of an inert working fluid will ever become practical because of
the high temperatures involved. He (Kaeppeler) and Heim are seeking &n entirely
new approech which "does not employ the principle of rocket propulsion”, but
rather the direct transformation of electromegnetic energy into kinetic energy
by means of the "comtrabaric state of a meso field". :

Keeppeler expounds Heim's meso-field theory essentially as follows: Heim
postulates & 6-dimensional field which describes mot only the gravitational and
electromegnetic phenomena but also a third menifestation which he names Meso
Field *#). This Meso-Field is envisaged sz "capable of two different actions 5
viz. the Contrabaric State which transforms a material phenomenon directly into
pondercmotive action by emission of gravitational weves, resulting in an
accelerated motion, and the Dynmabaric State through which purely electromegnetic
energy is liberated from matter without waste products or heat. The propulsion
is to be achieved by first liberating electromagnetic energy and then trans-
forming it directly into accelerated motion".

%) Kaeppeler has reference to 2 publication of his own (reviewed under Serial
No. 013) in which he elaims to have arrived independently at the identical
results by a2 different mathematical approsch.
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Although very strong foreces may thus be generated, tiw theory indicates
(amazingly enough) that it should be possible to so shepe the vehicle and so
install the field generstors that the ceccupants would have no sensory perception
of the dynamic reaction of the accelerstion. Velocities of the order of
10,000 km/sec should thus become attainmable. :

8o mueh for Kaeppeier's Introduetion.

Heim's own paper, &s printed in the Transactions comprises ome page (p. 184)
entitled ‘Outline of the Theoretieal Investigations for the Meso Field Theory”,
and 2-1/2 pages of text emtitled'Part I The Meso-Field Theory’

The outline is broken down into six chapters @f?hi&hthafallwmgzsg
slightly abbreviated English translation.

1. Introduction

Hohmamn's results, bwic solubility of the astronsutic problem.
Definition of problem.

2. fheory of Ponderomotive Forces

Nomenclature and coordinates. Non-Buclidisn Electrodynemics and the
mechanical law of motion. Forece components and tensor Wmt m}u
differential law of a metric structure gradient. Passage and propege
of unreal transversal gravitational waves. Imaginary mﬁaﬂm 1:1 a8 com~
plex plane &8s consequence of the passage of gravitational waves.

- Theory of Gravitstion snd : 2tism

The tensor equation of the metric gradient as & variation principle.
Tensorial gravitation potential of & static symmetrie field. Proportionsl
between gravitational radius and field excitetion. Metric characteristics
of a world region devoid of real physical events. Electromsgnetic excita-
tion sources of the gravitetional field., Electric energy tensor determined
but for a world funmction. World coordinates dependent upon an entropy.

b,  Origin of the Meso Field Theory

Requirement of a 6-dimensional continuwwm. Definition of metter.
Asymmetry of the 6-dimensional metric-gravitative structure. Metrie excita-
tation of a similarly ssymmetric field structure. Necessity of an ssymmetri-
cal intermediate structure and hermitic composition condition. Hence origin
of meso-field theory. Alternating 6-dimensional metric structure. Auto-
hermitic component as supermatrix. Vanishing of every metrix spectrum of
the translation tensor.
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2. The Mesofield Theory and the Principle of Dynamie Contrsbery

Mathematical fremework. Fleld components, Development of the basic
Ltypes of the Gamma operators and differentiated type signatures. Most
general cmsse illustrated by & temsor field of erbitrary variance and de-
gree in the n-dimensional alternating field. Rectanguler metrix of the
most general Gamma operators. Important identities. Application to the
natural basie postulate of the meso fleld theory. Tensor equation systems
vhich deseribe the elementary procese of the Meso field excitetion.
Metric transformer effect of the Meso field. The dynabaric field as the
inversien of the meso field. Explanation of Dynamic Contrabary as
the dynsmic coupling state of both fields. The impulse law of the meso
field contrebator.

6. _ Discussion of the Impulse lavi

Solution for & space-time trajectory which is continuous except for
& finite number of singular events. Approximation for simple planetary
voyages. Synopsis of spproximation velidity conditions. Numerical ex-
ample (Trip to Mars under unfavoreble constelletion viz. Barth-Mars
conjunction). Conclusion and future work program.

The following Part I of the Treatise starts out with the summery dismissal
&as absurd of any idea of anmulling gravity; this leaves only the principle of
impulse transfer as & realizasble method of propulsion *)}. Next the author formm-
lates & very ehstract definition of & spaceship and its task, in the most general
sense conceivable. This prompts him to inguire into the nature of the elementary
process which accompanies "the generation of a ponderomotive effect in correlation
to the transformation of material process”. He adduces reasons why he believes
that this fundsmentsl question cannot be answered by the Quantum theory nor by
Einstein's General Relativity Theory, nor even by his Unified Field Theory.

Therefore Heim has set out himself to evolve an enmbirely new cosmic theory,
such that it (1) expresses a universal lav which embraces the Quantum theory and
Einstein's theory as special cases and yet so that (2) it is amenable to proof

by experiment.

The first part of this theoretiecal work he considers as completed. TIts first
step was the derivation of the mathematical edifice which led to the "disecovery
of the existence of 8 previously unknown field state which he named "Meso Field".
Its treatment required the development of a new mathematical method. This fur-
nished eight systems of six-dimensional non-linear tensorial differentisl equa-
tions which describe a universal cosmic law. Suitably introduced approximations
yield beside the Quantum theory also Einstein's theory and thus it embraces the
entire classieal physies. '

#) Note: This is apparently in contrediction to & statement in Keeppeler's
introduction.
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The equastions show the Mesc field to have & dusl charscter. "In the one
form a material event whose world lines must be geodetic zero lines is directly
transformed into ponderomotive effeet accompanied by the emission of gravita-
tional waves”. This type he calls contrebaric. The other type which he calls
dynabaric ean only be endothermically excited; it effects the inverse transforma-
tion provided that the ponderomotive effects cobey certain symmetry conditions.

Next the author attempted to determine how the endothermic dynsbaric meso-
field can be employed to trigger highly exothermic nucleer processes. "The
world lines of nuclear energy liberated in the form of electriec waves are geo-
detic zero lines, which fulfills the contrabaric transformation conditions. -

By eoupling both mesofield states it should be possible to excite a dynamic state
which could continue to run dynemically so long as ions of the isotope used as

ispulsive charge are available". When the ion flux drops below a certain minimm

so that the transformation barely suffices to cover the thermodynemie losses the -
process coasts to an end. Conversely it cen be controlled by regulating the ion
flux above this limit. "The contreberic meso field exciters can be so distributed
that they work in all directions and since their exothermic radiative power can
be readily controlled, this method of propulsion - which the author ecalls Dynen
Contrabary - 'clearly’' permits the development of & universal vehicle of mmee~
dented maneuverability”. The author then claims to have mathematically demon-

- strated that the scecelerated motion of such & vehicle "will not be physiologically

sensed by its ocoupants provided the shape of the vehicle as well e&s the configura-
tion and tuning of the contrabaric field of exciters satisfy a well-defined analytic
shape equation”., Within the seope of quasi-stationary accelerations and for
velocity changes which still remain small compared to the velocity of light the
impulse law of such a "dynamocontrasbator” is found as & homogeneous linear
gperator egquation.

The published presentation is concluded by two remarks viz: (8) that numeri-
cal example caleulations of a special group of space trip missions have brought

out the enormous superiority of the Dynamic Contrebary prineiple over the "old
rocket principle” and (b) that a publication of the mathemstical derivations snd

the details will be withheld until the second part of the investigations and the
pertinent experimental proof program will have been completed.

DAC COMMENT

This article by Heim has aroused considersble speculation *), because it is
eouched in such mystifying terminology,largely coined by the author, that the
average reader finds it difficult to decide whether this is the first inkling of
a2 new theory of grevitation which will solve its age-cld mystery and lead to sen-~
sational new technical developments - or just methematicel double-talk. The
author precipitates this quandary by not diselosing whet he really 414 or how
he proceeded; this revelation is deliberately postponed until he hopes to have
achieved experimental proof. He does not disclose how he proposes to go about
this.,

#) This is the main resson why it is reviewed by us in such detail.
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His Meso-Field is apparently conceived as a mathematical device "intermediary
between gravitation and electromagnetism”. Whether it has anything to do with
the existence, formation or decsy of "mesons", those ephemersl particles which
contemporery physics describes ss having e semi-materisl pature, size and masss be-
tween protons and electrons, Heim is careful not to say. '

Despite all the mysterious implications thet the "Dynsmic Contrebary” is an
entirely new propulsion prineiple, radically differing from conventiomal rocketry
and its gaseous exhaust reaction, it is noted that the process is governed by &
supply and flux of ions which have mass indeed. Whether the controlled ion flux
has anything to do with the principle of the ion gum or ion rocket as sdvocated -
by Oberth and many others, the suthor does not explain. Be that as it may, the
promunciaments that the apparatus can be so designed that the oceupants of the ,
vehiele would remain physioclogically umaware of large dynamic acceleration sounds
fantastic and puts Heim's theory in e class by itself.

Tt will be noted thet the text of Heim's printed article "Part 1" does not
constitute or fit any of the Chepters of the "Outline" by which it is preceded.
Rather, it is & vegue overall summary of his claimed findings. The "outline”
rather seems to indieate the structure end orgsnization of the extensive lnvesti-
gation which he has privately carried out but does not publicly divulge.

During the Third Astronsutical Congress in Stutigart in September 1952 --
which this reviewer attended -- Heim spoke for over two hours and discussed much
more material than in the printed srticle. However, his presentation was no more
lucid than the printed article, in fact much harder to follow, &s his delivery
was less coherent and conmstantly punctusted by his covering the blackboard with
reckless cascades of six-dimensionsl temsor formulas, often erasing &s he pro-
ceeded from ome concept to amother. (NOTE: Heim is almost completely blind.)
The swestruck sudience dwindled during the long lecture and there was no discus-
sion of any consequence, nor any indicetion that any one was fully able to follow
his disecurse. The organizers of the Congress had wisely scheduled Heim's talk
as the last of the day's session. Many of the participants of the Congress re-
paired to the spectacular sstromautic exhibition which ‘had just been opened in

snother part of the building.

NOTE: To & private letter, dated 5 January 1955 in whieh I asked him whether eny
further details of his work hed been published, Heim replied under date of
15 January 1955 thet he had indeed submitted & mamuseript in July 1953, to the
orgsnizers of the Fourth Astronautical Congress in Zurich, Bwitzerland, but with-
drevw it vhen he got sore because they could not decipher his mathematical formulas
and requested 8 revwritten mamuseript. In the letter Heim slso stated that certain
{(undiselosed) agencies are dickering with him to finance his research project amd
experiments and msy decide to keep further details secret, as soon as some eritical
tests will have been made. He adds that a of his experimental progrem bas
been firmed up and its execution is merely (!) a technicel question. Incidentally
Heim mentioms that he is still lacking one piece of equipment needed for his ex-
periments, namely & Magnetron or & Klystron of about one KW, of sbout 3 em wave
length, Heinquheawhemheﬁghtgetmsnﬁ%t@mva&lﬂwstmrm.
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He gives his address eas Burkhard Heim, Dipl. Phys., Burg Groms 2,
G8ttingen (20 b) Germany. (My previocus letter to him was addressed to the
University of G8ttingen and resched him OK.)

WBK . -
1220-5

ADDITIONAL NOTE

On February 28, 1955 &n occasion was had to consult with Professor
Dr. Ludwig Biermenn, of G8ttingen, Germany, who has been visiting CalTech
since December 1954 as guest professor end conducting & course in Astrophysi-
cal Theory of Stellar Electromagnetism and Plasma Physics. When asked con-
cerning the academic status of Dipl. Phys. Burkhard Heim, Professor Biermenn
stated that he d4id not know Heim personally and was not familiar with the
theories propounded by Heim. He was quite certain that Heim was not on the
faculty or teaching staff of G8ttingen University. Professor Biermann
vaguely recalled a previous inguiry sbout & person who might fit Heim's
deseription and who mey have been an assistant of Dr. von Weizslcker or
some other professor.

WEK
2-28-55
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Title: PROBLEM OF COOLING NUCLEAR WORKING FLUID ROCKETS OPERATING
AT EXTREME TEMPERATURE

Author: H. J. Kaeppeler (Assistant Research Physicist)
Source: Jet Propulsion, Journal of the American Rocket Society, Vol. 2k,

No. 5, Sept-Oct. 195%, p. 316-319. (Summary of & paper presented
at the Fourth Astronsutical Congress, Zurich, August 1953.)

. DAC ABSTRACT

The author attempts to show that adequate cooling of & nuclear fuel
rocket chamber cen be attained *) by the following arrengement: The
nuclear fuel is assumed to be confined to & pencil located in the vieinity
of the axis of & eylindrical rocket chamber opening at one end into a gas
discharge nozzle. The coolant {oxygen) which is alsc the working fluid
whose expulsion from the nozzle furnishes the reaction impulse is admitted
radially through the porous cylinder wall. The temperature distribution
is assumed to have rotary symmetry and fierce radial gradients with discon-
tinuities across cylindrical layers where heat is sbsorbed by dissociation
at 5000%K, by ionization at 12000°K, and by stomic excitation beyond this.
Heat conductivity is to be enhanced by & spiral flow of the inert codlant
working fluid. HNumerieal examples are presented to show that temperstures
up to 100,0009%K at & 2 cm dias. fuel bed cen be managed *) without exeeadi% ,
1000°K at the chamber wall. For higher core temperstures such as 250,000
other phenomena such as multiple ionization, thermal radistion, absorption
and possibly photo-dissociation obseure the extrapolation. The fluid flow
quantities required for any real size rocket are of course gigantic.

#) DAC COMMENT

The present treatise, in fact its introductory statement, is in spparent
contradiction of an earlier opinion endorsed by the same suthor who one year
bvefore, in his introduction to Heim's Meso field theory quoted the latter as
"definitely questioning” whether nuclear heating of an inert working fluid
could ever become practical because of the unmansgeably high temperatures
involved. (Ref. Serial #037.)

The asuthor does not bother to consider how a staeble fuel "bed” of
2 em dismeter and meny inches in length can possibly be maintained without
instantly evaporating at the temperstures contemplated.

W. B. Klemperer
February 4, 1955
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NUCLEAR PROPULSION
Title: RANDOM THOUGHTS ON ATOMIC POWER (Possibilities of
luclesr Energy for Rockets)
Author: Willism D. Monroe
Source: Journal of the American Rocket Society, #63, March 1946, pp. 28-29

The author is convinced that nuclesr energy mey only be utilized in
connection with some working fluid. He then discusses four possible rocket
engines as follows: aleohol-oxygen (V-2) and three atomlc engines utiliz-
ing H,0 (steem), H,0 (H, end 0,), and Hg &s working fluids. He concludes
"A purely theoretical consideration of the problems brought out, is the
fact that to have reasonsble exhaust velocities, the almost impossible
temperatures of S000°F and above would be needed". ;

This brief note merely serves to call attention to some of the problems
of nuclear propulsion. No solutions ere indicated. : :

G. J. Mueller
February 1%, 1955
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Title; THE RATING OF ROCKET FUELS (Rocket Fuels Using Atomic Pnergy
as & Primary Heat Source)

Author: Dr. Thomms S. Gardner, Johnson City, Tenn. (Research Chemist,
fuel mixtures)

Source: Journal of the Americen Rocket Society, #66 & 67, June end -
September 1946, pp. 23-26 :

DAC ABSTRACT AND COMMENT

Asguming that stomic energy using small amounts of sn atomic fuel ecan
furnish a constant, controllsble, high temperature (1000-5000°A) heat source,
Dr. Gerdner considers it to be impractical to eject sufficient atomic fuel
glone to yleld the thrust required by the epplication of Newton's Third law,
since it would only be possible to utilize & small fraction of the availsble
energy. He proceeds to calculate and tabulate the efficlency of propulsion
gystems ejecting a working fluid such as Hy0, COp, 802, Hg, HoOp (90%) heated
to 2000%. The highest efficiency (28.81%) would occur when HyOy (100%) was

heated. However, when all fectors are considered, especislly the relative
momenta on & unit weight basis, water is shown to be superior.

It is noted that the author assumes a "controlleble high temperature
(1000° - 5000°A) heat source”, still a most difficult device to develop for
rocket use. The paper merely points out some of the significant thermochemical
charseteristies of working fluids (imappropriately called "fuels"). .

G. J. Bueller
February 1%, 1955




Astronsutics Literature Review  Serial O
NUCLEAR PROPULSION

Title: ATCMARER WASSERSTOFF ALS RAKETENKRAFTSTOFF
(Atomic Hydrogen as Rocket Fuel)

Author: Hans Joachim Hoelzgen

Source: Weltrsumfahrt #2, April 1950 (in German)

DAC ABSTRACT AND COMMENT

Atomic hydrogen would be a desirable rocket fuel because of the larger =

amount of energy which is liberated in chemical reaction with an oxidizer as
compared to molecular hydrogen. Unfortunately at most chemical reaction
temperatures, atomic hydrogen is unstable, its half-life being of the order
of a fraction of & second under normel conditions. However, it may be pos-
sible to arrest the molecular recombinstion process at very low temperatures;
this should be & fruitful field for further research.

Atomatic hydrogen is formed

a) on & very hot incandescent tungsten wire
b; in vecuum tubes under activation by cathode rays
in a high voltage discharge under 6 to 8 mm Hg pressure
d) as a result of sensitization by excited mercury
e) by ultraviolet light
f) by electrolysis
g) by hard X-reys, gamma-rays and Alpha particle impingements
h) in the electric are.

The dissocis.tion equilibrium concentration increases with tempemture
at the following rste:

2000 3000 4000 5000 e
.122 9.03 62.5 oh.7 %

The theoreticel efflux veloecity, computed from the heat of recombustion is
2080 m/sec and the specific impulse 2100 sec. Even &t 10% concentration in
liguid molecular hydrogen a velocity of 5000 m/see would be attainable.

The last paragraph discusses & hypotheticel "Arcatom"” rocket which would
essentially be a glorified hydrogen arc welding torch; the suthor realizes
the weight penalty of the electrical equipment required. This reviewer feils
to see that any energy advantage can be gained if the hydrogen is stored in
molecular form and all of the dissociation energy has to be furnished from
energy sources carried abosrd, whereas indeed a great saving would be effected
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Title: THE CONQUEST OF INTERPIANETARY SPACE (Practical Aspects
of Space Ship Design) :

Author: Arthur V. St. Germain

Source: Western Flying, October 1947, pp. 14, 15 (Part I),
November 1947, pp. 20, 26 (Part II)

DAC COMMENRT

This article discusses many aspects of space travel, including a brief
revievw of possible power plants. An atomic drive using plutonium or uranium
te heat a working fluid, preferably hydrogen, which would then be ejected is
accepted to be the most promising proposal. Principal difficulties to the
practical application of this method ere (1) the absence of a smell light
weight “pile" capable of releasing large, controllable amounts of power and
(2) means of efficlently transferring this power to the working fluid.

No new proposals are presented for the aspplication of nuclear energy
for propulsion and the author concludes that an oxygen-hydrogen drive is
probably the best method pending new technical developments in nuclear
energy conversion.

G. J. Mueller
February 16, 1955
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PLIGHT'S ABSTRACT:

"In this speculative article, which follows his original contribution in
our July 19th issue (*), the author looks ahead and tries to evaluate the
sort of powers and veloeities that might be exye@teei if we knew how to harness

atomic energy for propulsive purposes.”
DAC COUMENTS '

The suthor, writing soon efter the atomic bomb drops in Hiroshimas and
Nagasaki, ponders the use of nuclear "fuel" for both warhead and propulsion
of rocket projectiles. The following methods of utilizing stomie drive ere
considered (es by others in more recent srticles, see Review Serial # 006,
008, o1k, 023, 2k, 025, 026, O31):

1) Reaction from radistion pressure produced by an atomic
explosion.

2) A jet of minute sub-atomic particles treveling at immense
velocities, but with low efficienecy. "

3) A working fluid, heated by &n stomie pile, which would itself
provide the propulsive jet.

L) Perhaps none of those mentioned above, but something else.

After dismissing the first method as impractical, Mr. Cleaver discusses
the theoretical mass retics which might be achieved for rockets with an atomic
drive of the second type. Whereas the Germen A-4 (V-2) rocket with ite alcchol-
oxygen motor has a ratioc of 3.0, the hypothetical atomic drive rocket for the
same range and payload might have a mass retio only a fraction of a percent
above unity. On the other hend, with a mass ratio of 3.0 the stomic drive

_eould theoretically impel & rocket to maximum velocities of several million
miles per hour, far exceeding the escape veloeity of 25,000 MPH. Simple
calculations indicate that a space vehiele, after allowing for the effects of




