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Date: 8-14-67
A-830-BB01-JMB-2

T0: R. M. Wood, A-630
FROM: J. M. Brown, A-b30
SUBJECT: SPACE PROPULSION CONCEPTS

COPIES TO: D. B, tiarmon, Jr., C. P. Thomas, A-83J; File

INTRODUCLION

The purpcse of this memorandum is to describe potential propulsion
concepts which could be used primarily for propulsion in space, but also
possibly cculd be used in the atmosphere or underwater.

Some of the concepts described have not been analyzed to any
appreciable extent and, in fact, could te considered as more of a
gleam-in-the-eye rather than actual concepts. However, it appears worth-
3 while to write down these concepts in order to provide some management
(’ insight into the research apprcach being followed, to provide a better
communication among those working on the concepts, "and to provide pro-
prietorship dates in case a need arises for such things as patent claims.
This memorandun can thus be considered as a working document which will
be updatea ccontinually as additional analysis results are obtained, while
some concepts undoubtedly will be discarded as further analyses indicate
lack of promise. One final comment is that the concepts are written in
the framework of physics as described in Advanced Physics, Third Edition.

PROPULSION REQUTREMENTS

Vehicie mission propulsion requirements always depend upon the
range and always require acceleration. Some missions require decelera-
tion, also. The next significant mission requirement is the transit
times. Currently, tnere are effective propulsion systems for almost any
range. In fact, there usually are several types available for a given
mission range. However, as transit time requirements are diminished,
many known systems are eliminated. The known systems which remain may
become quite expensive. The primary motivation for obtaining new propul-
sion concepts then bteccmes a matter of lowering the cost and lowering
transit time, ’

wa ' The propulsion feorces for long runge space propulsion systems are
L used primarily for acceleration and deceleration. For shorter range
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t The first active concept la ulultuted by a hen 0f~ ;ﬁtttm ‘Jl‘
a gyg.l;u (e.g., wire or open beam) from the ground, A natural existing
. source is photons from the sun , vhich ihpinge on a vehiele (sslar g i MR
& e e Mcc motion. . Other possibilities are to ua ex'iﬂ:inq q!gtmmugw
T 3 ',,-wptic, or gruitatioml ficldtna R »1,,» ; ;
- Q | thored enarg, agcj.n 1n khq fo;a ot pvin‘ mtiolu cu bl. 13' Q#‘
'gm,rnf elastic energy, charged particles, thermal mrqnchnictk energy ,
‘m;qiw energy, or stored. fields. All concepts réquird momentium exchange
between the released mass and thé vehicle for propelling the. vehicle, -’ o =ET T 25
B}qtt,ic energy results when one continuum is, confined by another' couu.nmp
Micles (which can be neutrally ‘¢harged)’ and ¢an produce propulsion | :
u@o& eage. The amount of energy released per unit mass of the continua o
involved 15 very low. Charged particles can be released“to provide an = ‘-
ixpulu , since they achieve a much higher velocity.yhen they are re;euod ot
than nmuc particles, the impulse per unit mass released is higher than ~ © = ..
for elastic storage. Also, taking into account the total mass of- particles '_. b o g
which can be stored, along with their individual veldeity, gives s qeater oo PR
total hlpulda per unit mass than cen be obtained from elastic ucrsy, e Ry e
| Therpal energy. is realized by storing mass in a continuum of metter which -
' can be relemsed (again, directionally) in the form of photons. 'For a qi.ven on
continuum, ‘the maximum amount of releasable mass {s obtairied’ when the X0
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D not be. Cmpidered i’urthgr. Chenigsl energy ren" TERTY the r :
A3 T photons or electrons which themselves can be: urcctiom.l!r‘ adeelerated,
or can be used to directiomlly accelerate neutral particles. The tech- iy
nology for this latter mechanism, i.e., directional acceleration of nmtrtl S X

‘ particles, is well known and will not be explored further at this time.,

Nuclear energy can be accomplished by a rearrangement, without annihila- . ‘i
tion, of existing protons §nd neutrons which make up neuclei (fission and | g
fusion), orf’by thé annihilation bf electroms,:protons, or neutrons of & ° ek
~ . neucleus. The technology for achieving this latter process is not well .

known. - However, the available energy from the mking fluid" is two RNy
orders of magnitude greater thad &x J ‘of the other concepts. dme fimel s Y
stored energy concept possibility: is to store a-field (probably oniy a | . .
~ magnetic field), and then to directionally rcluua the energy’, in this field.: :

- The field is presumed to consist of an ordered u;ro.n‘kmut -of the - hww e
gas. (the brutino free field). Impulse is proviw by réleasing this ;idlt 1
of particles in a given direction.. The amount of ‘energy'which éan be -’
stored, per unit mass of matter, in this masner {s probably miacuh and
\dl). not be coneidered mrf.her. No pther fmn of lm prop\asion
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ik The last funy of propuhio& com;pt.& mut:‘n{ﬂcqlln
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< directfonslly and then releasing them in a given direchion, . I, hm WA G
Gncopt in order for momentum {6r the complete system (vehicle ard backs .
g'rduml to be conserved, the vehicle must be mccelerated in the, di.z:acuon
‘" opposite the release of particles, The mechanism for- eohecging o, bk
. ‘particles is beliéved to De known, but only for very small collection = -
rates, Directional release at “he’ small rates mlso. ¢an be achieved. -
"_However, methods for increasing ﬁ;m rate’ to Ievou wov“in( hish vebiﬂle
uceeleutions are not knmm. 2
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: : The more . prcmising eoncepts are dlscuaned in thc :olluwing séctions, to-
! provide additional sifting and’ to out:une future: e:fort.“, +The: cancepts
’ vhich are not discuued mrther are listed belov. vith th- resson tor
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- following actions could-be pursued in the srea of vehicle magnetics .
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