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ABSTRACT

Laser prepulalon is an idea that may produce a revolution in spaces
technology. A eingle laser facility on the ground can in tizeory launch
single-st.age vehicles into low or high earth orbit. “he payload can be
20X to 30X of the vehicle take-off weight. It is far more sconomical
in the use of mass and energy than chemical propulaiomn, and it is far

nore flexible in putting identical vehicles into & variety of orbits.
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JASON LASER PROPULSION STUDY, SUMMER 1977

1. Background

Laser propulsion is an idea that may produce a revolution in apace
techvelogy. A single laser facility on the ground can in *theory launch
single-stage vehl!cies Iinto low or high earth orbit. The payi.cad can be
20% or 30% of the vehicle take-off weight. The rocket propellant may be
ordinary water. The system ¢ffers theoretically two decisive advantages
over chemical propulsion. It is far more economical in the use of mass

and energy, and it s far more flexible in putting identical vehicles

inte a variety of orbita.

If very high power Gnegawatt) infrared lasers are postulated,

then laser propulsion changes from a theoretical dream into a practical
posaibility. An operaticnal launch facility would require a battery of
lasers with a total output of about 100C MW. Such a facility could prob-
ably be built for apout u billior dellare. An experimencal feasibility
study, using existing lasers to find out whether laser rocket engines can
really be built so as to do what the theory predicts, would coat a million
dollars & yesr or less. The sajor technical uncertainties could probably

be resclved by such a atudy -7ithin 3 o 5 years.



ARPA hapg funded a preliminary feasibi)‘ty study during the years
1975-77, using two contractors, AVCO Evereti VYraearch Laboratory (here-
after called AVCO; and Physical Sclences Inc. (PSI). JASON wae aaked to
review the work of the contractors and make recommendations for future
action. JASON members heard briefings from AFcnl and PSIz about their
work for ARPA, and briefings from LOCKHPED? and ¥SI% about work they
have done on lawer propulsion for NMASA. We read numerous ducun:ntn,5
including papers from Sovier juurnnl:.ﬁ We were gredtly aselsted by

Lt. Colonel G, Canavan of AKPA in organizing the study and arranging brief-

ingz.

2. PBrief Summary

(1) We recommend that ARPA find a modest feasibility astudy of
laser propulsion at a level of a million dellars a year or less, with

continuity of funding Ior 3 or 5 years.

(2) The objective of the program should be tc provice Dol with
the option of developing an alternative to chemical propulsion for use

during the late 1980's or later.

{3) It makes no sense Lo tie the laser propulsion st-dy to any
particular future mission, but the capabilities of laser propulsiocn
vould be well matched to the miasion of deploying military space systaus

made invulnerable to enemy action by proliferation of vehicles. (For

details gee Sectlon 8 below, and the Appendix by k. LeLeviar).



(4) We rocommend that both contractors be retained in the program
until one or.the other of the two design concepts is proved superior.

{See Section4.)
(5) The next phase of the program should concentrate on building
small laser reaction engines and testing them with existing lasers

{Section &).

(6) The program should be based on infra-red rather than vieible

lasers (Section 3}.

{7) The program should continue to Focus on ground-launch rather

than crbit-to—orbit ayscems {(Section 7).

(B) ARPA should proceed with feasibility studies independently
of HASA {Section 7).

kN Detailed Recommendations

(1) We recommend tha= ARPA continue to support lnur-fprlnpulainrn
feasibility studies for J or 5 years. The program should concentrate on

the design, construction and testing of small laser-tocket eangines. Until

it has been shown that an engine will work, further theoretical studies of

missions or of stmospheric propagatior are not required. We recommend
that both contractors be Funded for the next phase of the program ao that

they can cach prepare a small reaction engine for testing. We cannot at



present predict which of the two engine concepts 1s likelier to succeed,

1f there is not enough money to fund both programs at the requested level,
it would atill be better to divide th: money and let both prugrams continue
at reduced speed rather than to make & premature choice. The time to
choose between the two concepts is after they have both been subjected to
endurance tests. Both contractorz should be required to design model
engines that can be scaled up to full operationsl size with an acceptable
thrust-to-weight ratio, so that the model teste are relevant to operatiomal

cystems, (See Sectior 4 below for details.)

(2) We recommend that the laser propulsion program continue to be
based on infra-red lamsera. One of the major techmicul uncertainties of
the program is the ability of the optital control syustem to propagate an
adequately focused beam through a turbulent atzosphere. The optical effects
of armospheric turbulence are far worse at visible than at 10-micron wave-
lengtho. MNo matrer how good the compensation of turbulence by adaptive
optics ney be, there will always be a rauge of weather copditions that a
10-micron system can handle hut 3 visible laser system cannot. We do not
recommend that studies of sdaptive optics be funded under this program,
since adaptive cptical systems are already being developed for other

purposes. (Sce Section S5.)

(3) The bad-weather capability of a laser launch svstem depends om

the ability of a 10-micron beam to bore a clean hole through clouds or



rain. Experiments to study hnle-baring.n important for other reasons,

should be coordinated with the laser—propulsion program. (See Section 6 .)

{4) The ARPA decisicn to concentrate the laser propulsion effourt

on ground-launch systems was correct and should be maintained. Toe prime
objective should be a system launching directly from ground to high earth
orbit. The NASA-funded studies of lasur prﬂpl.ﬂ.libnl'a deal only with
orbit-to—orbit missions using low-thrust engines. These studies are un-
realistic and irrelevant to ARPA objectives. TIn the long run we may

hope that BASA and DoD will collaborate in the devalopment of laser ground-
launch systems. But for the next few years, HASA will be occupied with
the deployment cf the Space Shuttle, and ARPA should plan to pursue

laser propulsion independently of NASA. (See Section 7.}

(5) Our final recommendation is that ARPA should not plan to make
a final Go/No-Go decision on laser propulsion within any fixed period of
time. The state of the art in laser technology, in adaptive optics and
in rocketry will change as the years go by. Miseion requirements will
also change. The objective of the ARPA progrem should be to keep open
the option of developing a laser propulsion system whenever DoD may have
a need for it. It makes no sense to force an early decision wvhether or
not the optlon is wurr.ﬁ exploiting. Whatever we decide in the next two

years, the possibilities of laser propulsion will mot go away.



On the whole, we are improssed by the technical competence and dedi-
cation of both coitractor teams. We did not find any technical mistakes
in their work. Both experimental prog-ams failed to produce definitive
resules, but this was not the fault of the contractors. They did not
have encugh time or enough comtinuity of funding to carry through a well-

controlled series of experiments.

The PS! team concentrated icts effort narrowly upon one experimental
program and was succeasful fn producing superficially favorable resulis
before the deadline Imposced by ARPA.  The AYCD group spread its effort
over orbit studles, vptical propagacion studies and hydrodynamical anal-
vels, and was forced to {inish its experimental work in a hurry with com-
pany (IRSD} funds. Eoth groups came tov us wich experimental results
which were obtained under pressure of time and need further elucidation.
We do nr: consider the evident disarray of the AVCO experiments at the
time of our inquiry as a reason for giving preference in funding to PS5SI.
The high values of Specitiic Ilmpulse reported by PSI, and the low values
reported by AVCD, are both subject te chinge and reinterpretation in the
light of Turther experimentr. We judged the quality of the two reame
not by the latest Specific Impulse mumbers which they quoted but hy their
abllity te wnderstand what Lhey observed. By this criteriom the two

teumi scemed to us to be of cqual merit.

The relative merit of the two contractoer teams is not so important

to the future of ihe program as the rulative merit of the two design con-






