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possible, as firs  sug_-sted by J. Pasta, to conceive of a computer.;iih
A fairly large number of arithmetical units, say a few bundred, if not
a few thousand. Such cepabilities must alter our traditicnal approaches
to solutions of numerical problems, especially in the field of partial

differential equations.

b. For many app’i-ations of Monte _~rlo-‘ype rroblems, the structure
of arithmcii: wilts is not very effizien.. I~ —ost applicationa 10 to
12 bits ' cucsker uwsazliy suffice.. 2 . 2 ) bits trat sre usually

avallable arc quite unpecessary.

¢. Faster and more complex computers are being designed to extend
the range of tractable problems. For none of the computers being com-
mercially produced has the question been raised of the significance; i.e.,
nunber of meaningful bits, in the answer or ansvers. One may lmagine
that an ac e.table pr::.dur -.:~t be to describe a number, not only
as a I: -t.on and an ~g8crinte . .xponent, but with an "index of sig-
nifican-e“. This brute force approach clearly involves more bhardware
an. .. atrol cvomplizations, 1if pot scme sacrifice in speed. Even 590,
it  nt completely clea} vhat the appropriate rules should be. Some

6 ::g stion: have already be<n made, but more study is necessary.

General R:commendation

It is stronizly recomm nded that a group be fermed to study these
robless and work cut a tasically new attack on them. It is mecessary
-t groun In: 'ul'e not ocly mathematicians and engineers, but
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PROJECT 1

JDENTIFICATION OF CER/AIN CURRENT DEFENSE
PROBLEMS AND POSSIBLE MEANS QOF SOLUTION

SUMMARY AND RECOMMENDATIONS

Introduction

On July 8, 1958, the Advanced Research Projects Agenc&, with the
approval of the Secretary ¢f Defense, asked the Institute for Defence
Analyses to set up a Study Work Group, Project 137, ". . . to 1dént1f& ‘
problems not aow receiving adequate attention where gcience can con-
tribute vitally to pational security and to recommend agreed technical,
and perhaps organizationel, means for the solution of these problems.”
Twenty-three sclentists took part in the work of the group during thé
three-weekx period, July lith - August 2d. Through the active coopera-
ticno of Lhe Office of the Secretéry of Defense and the Army, Navy and
Air Force, the group beard cutstinding presentations by responsible
zen on defense problems gelected for their urgency. As & result of
these presentations and their own discussions and calculations, the
members of Project 137 make the following recommendatioms: {(U)

A. AREAS ONLY SLICHTLY DEVELOPED IR COMPARISON TO
THELIR CORCEIVABLE AFPLICATIONS TO DEFENRSE

A-1. Chemical Sensinz

Techniques exist to detect and 1Jsotify specific substances at a
distanze wvith fantastic sensitivity. These techniques can be gresatly

izmproved. Irportant military applicatisns can be visualized,
-1 -
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such as determining types and numbers of machipes in the vici‘ni‘cy.,w nev
types of fuels in use, human concentrations, and getting gdvu;:‘ee varn-
ing of CW and BW attack. An intensive survey of the field should de
made, Assuming that it confirms the promise ae nov seen, recommenda-
tions should be made for research wvithin existing government Ih.bo.ra-
tories and for contracts to universities and research foundations. As
promising leads develop, a more concerted effort .should be made to

bring them into practical application by agencies yet to be defined. (s)

A-2. Information Transmission by Chemjcal Sensing

Coded puffs of radiocsctivity or chemicals emitted into the atmos-
phere by & "transmitter" and detected by a "receiver” offer means (1)
to transmit coled messages that are obliterated beyond specified dis-
tances and (2) to gain nev information about microzeteorology. Both
applications should be given attention by the person ¢r agency that

intensively surveys the whole field of chemical semsing. (S)

A-3. Fuel

Fuel ard the fuel supply line interpose massive cbstacles against
the high mobility demanded by nuclear warfare, and give poverful moti-
vati.cn to produce fuel on the spot. The ultimate pystem -- not feasible
today -- would use small scbiie nuclear reactors to generate fuel r.rom
air or water, or regenerate a deactivated fuel, for driving the vehicles
in the vicinity. Such & system might cut down the fuel supply problem

by an order of magnitude. With this aim in view, an appropriate agency

should (1) seek out the most advanced thinking at AEC laboratories and
-2 -
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elaevhere .on small mobile pguclear reactors suitable to generate hydr;:-
gen from water or regenerate deactivated electrochemical fuels, (2)

take a nev loock at liquid hydrogen as a fuel for existing engines,

"(3) work towards conceptual design and evaluation of a regenerative o
electrochemical fuel or other advanced fuel system by st:umlatinal
relevant advanced thinking and work on (a) reactor techmology, (b)
energy storage, (c) electrolytic cells, (d) electrochemical fuel genera-
tion, and (e) fuel utilization. This should be accomplished through
vhataver steps are peeded in the way of eon:er’ences , work-study groups,

arrangements with government leboratories and ocutside contracts. (S)

A-h. Transmission of Energy through Space

Some encouraging work has been dope on lectromagnetie and other
methods of transmission 'of energy through space, and ideas are in e¢ir-
culation for more basic approaches to this problem. It is perfectly

" conceivable that one or anotker of these spproaches vill have a vital
application euch as: supply of pover to forward combat locations;
operation of drones for reccnnaissance or for brute blocking of ballistie

missiles; or destruction of targets on the grcupd or in the air. (8)

In view of the fundamental importance of a workable system of
energy transmission, the present status of this field of work should
be thoroughly reviewed, a work-study conference should be called to
generate new ideas and to arrive at s first assessment of the areas
most promising for future work -- particularly work of a truly

-3 - IDA-ARPA 8-1
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piloneering character -- and steps sbould be taken to support su;h work

and capitalize on 1it.

A-5. Atomie Collision Cross Sections .

Intensive AEC support of nuclear cross-sectlon measurements has
given for atomic nuclei a vealth of data essentisl for design of nuclear
devices. HNo uimilar wealth of reacticn cross-section data 1s available
for the much older fielc‘l of atomic and nuclear phyesics despite ite much
vider field of application: to commnications systems; to missile nose
cone phyeics; to plasma engineerirg; to controlled thermonuclear re-
actions; and to chemical reactions in gases. It 15 recommended that an
appropriate agency sponsor a program for the study of atomic eollision

eross sections. (U)

A-6. Matter under Exceedingly High Pressure

Recent work discloses that some noc-metals take on metallic char-
axteristics at ultra high pressures. PFurther forvard-looking work in
this field may open a vhole newv realm of solid state physies and physical
cbemistry, with econceivable applications to new types of l.ﬁgh energy
fuel compounds, and is therefore worthy of eupport by an appropriate

ageacy. (V)

A-T. Intense Mognetic Fields

There 1s evidence of substantial Russian activity in the area of

intense magnetic fields., If strong fields 2. 106 gauss can be achieved

e b - IDA-ARPA S-1
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this will have important scientific and techaclogical consequences.
A symposium on this topic should be arranged soon in order to enlarge
the very small number of scientists in the Western world active in

this area. (S)

A-8. Formation of Concepts out of Data, and Systems Reliebility

A military action 1s under way. Informatior comes in of many
kinds and of quite variable reliability. HNeither in this instance
por in genersl does any electronic computer, present or planned, know
how "intelligently" to formulate significant concepts and conclusions
out of a massive volume of information, most of it irrelevant and
part of it erronecus. It is a matter of great importance to many
aspects of national defense to develop a theory for the formation of
concepts under such circumstances, and for the constructiocn of &
reliadble system out of unreliable components. An approp™’ ~*e agency
should sponsor advanced work in this field by one or more conferences,
by contracts, and by such new computation laboratory facility as seems
appropriate; and should systematically survey the field for urgently

important defense applications. (S)

A-9, ARPA and the Sociel Sciences

The developmeat of more and more weapons systens does not con-
tribute towards the solution of basic social and policy problems;
rather these developments create new problems. The pay-off from con-
tributions that can be made by social science may be greatly in ex-

cess of that derived from more hardware development. Hence social
-5 -
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sclentists should be drought into defense problems much more than is
nov the case, Progress could be made i this direction by selecting
for ARPA support certain fields already racormended as highly important
by the Subcomuittee on Soclal Sciences and by the Ad Hoe Advisory

Group on Psychology and Social Sciences of the Office of the Assistant

Secretary of Defense for Research and Engineering. (U)

A-10, Military Exploitation of Basic U.S. and USSR Differences

Differences not only in political ideology but also in the
physical, economie and social setup distinguish the U.5. from the
Soviet Union. It should be investigated vhich of these differences -
can be exploited to our advantage, for example by the design of
weapcns systems which are most disadvantagecus for the Russians to
counteract; for example, 'b'y imposing a heavy economic strain in par-
ticularly vulnerable areas or exploiting the long winters in Russia.
There 1s strong reason to beliave that a systematie exploration of
this area could yleld surprisinog new ideas. It is recommended that

an appropriate agency sponsor a vork-study group in this field. (S)

B. ENVIRORMENT ARAL{SIS

B-1. The Physical Envirorment of Military Operatioms

All weapons systems depend oo the physical eavironment in vhich
they are to be used. It is not sufficient to kmow the weapon alone,
it is neceséary to broaden and despen our knowledge of the respective

eavirorment. This is particularly true regardirg space, the oceans,
-6 - IDA-ARPA S-1
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and radiologieal fallout. We know too little about the upper atmosphere
and about propagation of electromsguetic :adiation in space. Many
veapons systems under discussion now depsed vitally on an increase of
our knowledge of these matters. Similar cbservations apply to the
oceans, the ocean flocrs, and meteorology interpal to the ocean. The
instrumentation for fallout in the haads of the Army and Civil Defense
is inasdequate and 0 1s the krowlsdge of the common man about Bow to
use it. ARPA 15 urged to pay great attention to this whole complex

of questions. For this purpose ARFA mighkt well copsider sponsoring

many of the functions of the 1GY. {S)

B-2. Radiological Mappinz and Combat Surv:itllance

Tn future confllicts tattlefields will have to te surveyed not
only optically, bui radiolcglcally. Wnile systems are proposed for
this purpose, they are toc complicated and do not give inforamation to
the local commander of small watts. It 18 possible to intrcduce fairly
crude, but cheap and sicple instruments with wtick even pleatoon or
company ccommanders can d;termine radiatics levels and thereby guide
thelr men safely. Strong empnasis skould b2 given in current planning
to radiological mappirg arid combat surveillaz:ce. (S)

B-3. Statistical Data o Flan Fallout Assoziated with Use of Atomic
Weapons by Artyy G:sund Forces

How to lay Jown tomorrow @ desired pavtern of fallout is im-
portant for an arwa commazpdsr Just e& it is important for local ccm-

manders to know how to lead their troops safa2ly through today's
-7 - IDA-ARPA 5-1
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battlefield radicactivity. An appropriate agency should sponsor research
on:

a. The statistical variations of vinds -- in time, distance,
and altitude -- adbout the values indicated on the kind of measuring
equipment that will be used in the field; and on the correlations among
such variations; - ‘

b. The planning of measursweats for this purpose; and

¢. Bov to use the results to tell vhat the military commander

can do reliably sbout securing & desired fallout pattern. (S)

B-4. A Radiation Detector for Field Use

A simple method 18 recommanded for quick conversion of field radios
to superimpose occasional Geliger ccunter clicks on the normal receiver
sigpal so that compary commapders and possibly platoon commapnders will
be immediately and automatically warnel of a dangerous inpcrease in

radiation level. (C)

B-5. Military Geophysics

The Department of Defense has a vital stake in meteorclogy and
other fields of military gecphysics. Techniques to predict in combat
zones like Korea vhether the second valiey ovsr is fogbound or will
be fogbound 4in four hours would charge the outcome of engagements.
The present unsatisfactory state of military meteorology is a reflec-
tion of the retarded and narrqv scope of unclassifield meteorological
research. An appropriate exi{sting sgency should consult with Lloyd

Berkner, apd others closely associated with advanced thinking in this
-8 -
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field, to determine vhat should bde done to pro:_lgcn an order of magnitude
izprovement in the present level of forward-looking research in this

field and in the amourt of young talent attracted to it. (C)

B-6. Detection of Submarines through Burface Effects

Besides the efforts to detect ships and sudmarines acoustically,
electromagnetically, ard chemically, more attention should be given
to the mechanical disturbance of the water by the propeller action.
These disturbances persist for a long time arxd it should be possible
to measure them by suitadle instruments. Even deeply-sutmerged .sub-
marines may produce measurakle diffusion of "whorls" to the wvater
surface. Studies of the mechanical properties of the eea nov in progress

should be eclosaly watched ard ARPA sbould be prepared to lend further

support. (S)

C. PROJECTS AND APPLICATIONS

C-1. Ballocn Attacks and Other Ron-conventiopal Wespons

Very high-flying ballocns, carryirg megaton weapons, could be
used by Russla against this country. They zoculd te released ic
Siberia or by submarines csc the Pacific, their tombs fuzed vith
infrared to go off over our cities. Even whez skot down (difficult
and expensive), the veapon can be get to go off at any chosen alti-
tude. This 18 the Japanege ballcon scheme of World War II with a
vengeance. It 18 easier for Russia to use it agsinst us than viee versa.

-9 - IDA-ARPA 8-1
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It is an illustration for the posaidbillity of ron-conventicnal useé of
existing weapons, a much neglected field. Satotage, c¢landestine opera-
tions against SAC, and other pcesibilities belo.g in this area which
shuuld be quickly and most thoroughly explored with all the aid acience
can offer, through work-study groups and other effective means. (S)

C-2. Development of Breeder Reactors

The tremendous demands for auclear pover make it necessary for us
to learn how to burn all rav materials: not only U-235, but alsc U-238
and Th-232. The development of breeder reactors, especially for manu-
fasture in large numbers, is exceedimgly difficult, " Rot encugh energy
is being devoted to this problem. The importance of puclear reactors
for the long term future of the fuel icgistics problem (A-3) requires
that a much greater effort be mads to develep breeders based on both

uranium and thorium. (S)

C-3. Undersea Beacoas

The great reed for commrlication from deep-lying POLARIS submarines
to the conticental U.S, can possibly te filled bty undersea high.pover,
unattended acoustic beacons. The sutmarice would communicate to the
beacon at low intensity, tbsrevy pregrarming and triggering a high-
intensity output from the teacor. Uplersea beacons could also be used
for pavigational purposes, by surmarines or surface vessels. The
beacons can be powered ty thermal energy derived from fission products
such as Ce-l44 nov availatle ir sufficient quantities in the Hanford

- 10 - IDA-ARPA 8-1
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and Savannah River plant wastes. A conceptual analysis of such beacon
systems should be made by an appropriate agency vith a viev to trial

use. (C)

C-4. FNAUCRATES DUCTOR, r Very High-Speed Eydrojet Torpedo

A high prodability to kill enemy submarines would be provided by
a number of puclear-povered torpedoes covering selected sveep paths at
high speeds, equipped with sonar search, bhoming, and other devices.
For this reason, it i{s recommended that an sppropriate agency seek out
the most advanced thinking at AEC national laboratories and elsewhere' _ ) -
on ultracompact reactors and make preliminery conceptual design studies ]
of a 100-knot to 250-knot hydrojet torpedo with a view t0 early initiation
of further supporting investigations and evaluation ¢f a weapons system
built on such torpedoes, for an antisubmarine sghield about the U.5. and

for otker military purposes. (S)

-1 - IDA-ARPA S-1



D. Continuing Identification of Important New Problems

The repidity of scientific sdvance and the dangers of the present
international situation demand a decisively nev mechbanizm to promote
contact betwveen the Department :f Defense and the scieptific cammunity.
A pipimum response to this need is a program or vork-study groups -
like Project 137 at regular intervals, to identify unappreciated and
izportant applications of science; and other more specialiged ahoz"‘c.:
term groups to exploit the possi®ilities of specified areas of acience.
For this yufpoae it is recomxended that ARPA set up s Center for e
Defense Research Work-Study Croups. It 1s also suggested that ABPA
consider how far it night te reazopable to encoursage such a Center
10 evolyve towards an Advanced Security Research Institute, where
scientists might go on leave of adsence from umiveraities, industry
and the DOD laboratories together with operatiopal military personnel
from the DOD in an stmosphere of atudy to contritute imagiratively
to pational strengtk in s free rangirg manmer vithout comitting
themselves in advazce to apy specific kind of projact, after the

pattern of the lustitute for Advenced Study lossted at Prinzeton, New

Jersey. (V)

-13 - IDA-ARPA S-1
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CREATION OrF PROJECT 137

The Advanced Research Projects Azency came into existence by
Directive 5135.15 of the Department of Defense, issued 1nAaccordahéé"
with Public Law 35-325(-7) of 12 February 1953, with two missions:

(1) to carry out resezrch and development work on such projects as are
assigned to ARTA by the Secretary of Defense, and (2) to recommend to
the Sccretory of Defense such additionzl projects as are Judged

gdvisable.,

In accordance with the first mission, ARPA was assigned in the
spring of 1757 responsibility for space technologzy, advanced missile

def2nce systenc and chemistry of propellants,

In accordonce with the ceccné nlssion and with the spproval of
the Secrotary of Defense, ARPS on 3 July 1358 asked the Institute of
Detense inalyses +o set up a Worii-5 uly Sroup, Projeet 137, "to identify
problens not nov receiving adaquate c'iention vhere science can contri-
bute vizally to na%isnal esecurity and to reccemaend appropriate technical,
and perhops organizational, mezzz for the colution of these problems

and for the a2ontinuin- identificaticn of isportant new problems.”

In an*ticipation of this farzal 2irective IDA had appointed a pro-
gron coznittee a few veeks earlier. Tesianinz on 5 June this cormittee
~ne Dr. Uzrtert Yoglz, Tirector 27 -ia< ILY ivonend Desearch Projeets
Diviciosn, cuomendal imvritatiszsne %o % iolected roup ol wldely known
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sclentists to participate in this work for the three-week period «-

1h July - 2 Auzust 1953.

The final group (Appendix D: included the leader of the group
that detected the neutrino; associaste directors of research of two
large corporations and of one major AEC naticnal laboratory; an
expert in differential equations; an aerodynamicist; the eccnomist
whose writings revolutionized the concept of optimel strategy; leaders
in the chemical separation of plutonium, in physical chemistry, and “
in the developmen* of antimalarial drugs; werkers in advanced areas
of thecretical physics and elementary particle physies; the statistici&n
who initizted the witra lishtweight DAYY CROCKETT atomic weapon; and
the leading expert on nuclear reactors, racently president of the
American Physicol Society. A1l had praviously had ceontact with phases
of oaticnal defense. In addition to these 22 medbers from outside
weshington the group included four experienced merhers from the centers
of scieace-Cefense nlanaing of the three 2r=ed services and from the
Office of the Assistant Secretary for Resezrch and Engineering. The
majority of the 25 participated for the fuli 3-week period. All

rmerbers were cleared for access te Top Secret msterial.

The laticazl War College, Tort liciair, Washington, D. (., housed
the work of Project 137: briefings in the morcings; discussions, study
of reportz, caleulations and writing in the afternoons.
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More importunt to the work of the group than uny other single lactor
vere the outstanding presentations of urgent 1ssues made to it by serious
and responaible men. It cannot be stresced t2o mnich what a powérful
impetus it gave to Project 137 scientists to hear from men who kmow and

\

care deeply about defense problens. : \
]

To assist the program committee in focusing the efforts of fhe
group, the services made a first selection of issues, coming to a totnl
of 53. From these the program cormittee mafe o 3econd uch narrover
selection for the final briefing progrom {Appeniix D). The total nwsber
of probleas of deep concern to the services {3 obviously mch more than
a single work-study group can review for unsprreciated npplicationz of
sciences in a single three-week period. Project 137 can, therefore, te
rezarded as a single soople well drilled ints an enormous and ever-growing
oil field. The output glves an accidental 2ad rather hit-or-miss

measure of the ruch more still undergrouné. Great areas went unexazmined,’

The group was rezretful about the nany cutsitacldics precentations slrezd::
H .

worked up for Project 137 for which it wae irpeccoivie <o moke time in e (
o

prosra= properly proportioned betwzen hearing il working., ! .

Vg
1

Speakers with many other heavy burderns accepted vith good will the } :

-

cryptic advance advice, "Stimulate group to invent ideaz and fdentify

icsues iqportant =nd challengzing enouch to cerve as ruclel about whieh

,/’.
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subsequent sclentific work can concentinte. cvnanlcate intense nmotiva-
tion about irportant problems. Purpose not to hecr all problems under
control, will be solved in short <ime, crly need more money. Tell vhat
causes responsible people sleepless nights... (Seek) not 10% iﬁﬁ;évémen;s
on cxisting ideans but entirely nevw developmen*ts. Informal -- much oppor-
tunity for interruption and diccussion. ...A brieflng is a success if
the problem it posed is thereafter every zfternoon the center of Intense

analysis by a knot of participants.”

Sowe presentaticrs, at the reqﬁe:t of the prograa comittee, con-
centrated on military problems to which teshnical solutisncs are desired
and others concentrated on technical work in progre:s or techaical probe
lens. The group wes impressed with the zrest emownt of nigh-guality work
presen%ly going on 2t nany servi.e loboratories wnd associated cgenczies.
The izpression could not be escaped tha* ~ne doiasntific cor—anity repre-
sented by the Departzent of Defense nas great billty and a3 scope thet
far tranccends the subject zatter covera~: ol any university or any

industrizl leboratory.

veny mexbers of Project 157 were drenlr llsturbel ani others even
shocked oy the gravity of ithe protless with “ich <hey found +thezselves
confronted. These mcna in nuiber constitutins liss 4hsm 1/52C0 of
Mherica's cselentific zomrmunisy have teer stirmiinzel 7o latense activity
by whot they heard. The opinion iz unaninous that trleflinzc of *his hizk
caliber - plus back-znd-forth diceussion -- reeoric? cn film ané sound
track and repleyed to carefully zelected groups Trow: uriversi<ies, indust
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and Jefeuce and omasr antioral laboratories weuld 4o much to direct attern-
tion :nd productive output frem loss urgent lasuea to problems mors ize

portant for the eational security.

Unéer the impression of the problems pressnted, aud from a study of
many of the documents made availcoble in the 1it -ary, the group has
developed & strong feeling for and deer apprecisticn of, the great crisis
with vhich the nation is faced. The group senszs the rapidly increasirg
danger into vhich we are inexorably hesdinz., Im our view the crisis shows

up in all fields: nilitary, scelentific, econozic, and social.

Aocng issues in the defense pleture, toe btriefings pointed up the
f£ollowirnz as belng particularly i=oportant:

a. The extracrdinary techrical difficultles of fetwecting,
identifyinz and destroylzg ernexy submrrine:. This gives add=3 pignifi-
cence to our own POLARIS systex wh.ch, kewsver, to the group's coszcern,
is still beset wiih many problems ¢f 1t3 owvn 2131 1s judged ty many with
whom the group talked 4o be planre? on too =mzll a scale.

b. The neesd for a2 Jam-zroof world--vile militery ccrmunicatlions
system, capable of issulng completely rellatle orders, perticulerly for
tvo-way underveter co—urication.

&. The high degres of develcprent 1z Russian reder equipuent,
exceeding ours in several instances, as disclozed by the cbservation:
of the Navy's "big dish” radio telescepe (one of the most promising

Anericen detection deviess).
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oo T =s shamitty of a dual cepabllity of the Army for nuclear
an{ cavrentivnil sav,  The teetieal snl itrategic problenms of thls two-
fold canshility nre clearly wnsolvsd, The logistic difficultles are also
not overcome. Those generated by thc snorcous fuel demands and very
long pipelines ore the ;zest out:tanding. The mobility ot the Army 15 too
low for the type of disnersed eagazenents that have to be expected, de-
splite all the elfortis made %o improve it. |

¢. The need for realistic reappraisal of policies, inciuding
publiec information, on chenical and biolozical warfare -- presently a
seemingly forbidden topic.

f. Local air defense of 2flitary tarsets i5 rot being esploited
a5 fast a5 appears possible even -with preseont bulgetary iimitationa,
Locz) defense o2 civilien targe*s 15 tz2lng puche? huf 1n view of the fell-
out problen will be of little value. The possible interference tetween
the present NIKE batteries and offenszive SAC cperatiors during an ettsck
on this country hzs rot been solveld.

g. “he h;gh dogres of *ralnera%ility of SAC in epite cf eflerts
cade to decrease it,

h. The rising pewer of 2ussia in seientific, techrmological and
nilitary effairs. Ilot only did the group lzara anout an alréady existing
supericrity in nany zreas of individual wezpors, e2.g., tanks, missiles,
znd electronic equipment, but in other areas {s was Jound that our prezent

advantage vae rapidly being overcome. The group *as 2lso dicturbed dy

g

the approximestely two-to-one advantags of usclen research, development
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ond produgtoom l2a] iman,
1. The eomplete abtsence of sny pessive srotection of the

civilizr population.
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REMARKS ON RECQMINDATIONS

Confronted by problems of such scope and a very limited time,
the group concentrated on ways ascience can help, pushirg aside all
questions of strategic and mansgement snd financial analysis as
lying outaide their directive and cutside their working 1nteresta..
The final pubject-matter recommendations fall into three groups in
the Sumary and Appenilices:

A. Areas of advanced research (A-1 to A-10), such as

chemical sensing and redically nev types of elactrochemical cells,
vhich at present are only slightly developed in comparisoo to thelr
conceivable applications to defense.

B. Environmental analyses (B-l1 to B-6): broad and alreedy

familiar fieids of resesrch, such es meteorology, walch izpinge
vitally on military acticns in importent ways end ghould tkerefore
be vigorously supported and imazinatively monitored for pctential
military applications. In the same cluss telong oceanograpbny, geo-
physices and materials znalysis, tke group felt, tut Froject 137
made po formal recorxendatico to this effect becasuse of ipsufficient
time to conslder these questions in eny detail.

C. Projects and erplications (C-1 to C-5), such as BASSOON

and NAUCRATES DIUCTOR, which elresdy suggest fairly specifi: militery
systems and vhich for the most part can probebly be best handled

through existing defense agencies by a project type of organization.
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It pay well be that a few of the reccumendations made by Project
137 are not pew, despite efforts made to check on work currently in
progress. It may even turn out that one or two of the ideas are
alresdy being pursue. energetically and imaginatively in projects
of vhich the group is not awvare. The history of science is vell
known to demonstrate that prectically no idea 1s ever completely
nev, Hovever, it also shows, as for example in Mendel's discovery
of the lava of inheritance, that several decades may scmetimes
elapse detween the moment when a nev idea is conceived and the time
it is put to use. The group conceived its function was, not o
make more discoveries, but, to help shorten the interval between

discoveries on hand and their applicatior.

To bring about the recommernded rev developments in many cases
the group has suggested specialized wcrk-study groups of limited
8ize and of duration raaging from a veek to several montha, as
appropriate. No procedure is krown which caa secure in peacetinme
the same combinatiocn of specielized kncwledge, ocutstandicg ability,
active mmtiﬁn, Judgment, and intense motivation. - The pre-
surptive sponsor in many cases would be ARPA, iz other cases other
appropriate agenzies of the DOD. The follow-up (vork in defense
laboratories, cutside contracts, steering committee, review of
results for immediately important spplications, project organization)

would be expected to be the responsidility of the sponsoring ageacy.
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CONTINUDRIG IDINTIFICATION OF DMI~RTANT NCW PROBLEMS

The group was asked to reccmmend means for ths coatinuing
identification of importart new protlems - arcas vhere science
can be used in unappreciated and vitsl ways to strengthen the

country.

The tremendous tecknological changes aireedy made a8 well as
those coming fast up over the horizor make it difficult for the
services to adapt themselves to these developuments. In their
efforts constantly new, unexpeited scientific prcrlems are en-

countered, ranging over all toe sciences.

Many of these touch on such furdasental issues that the con-
tinuing assistarce of gcientists fully femiilar wvath tie very

latest progress cf toeir disciplizes 1s reuired.

Methods pust be fourd that ge well Teycrd the existirng tyres
of contact and interacticr tetwesn the DUD a=d the scientific
community. The group bas cousidereld pessille ways to provade a
mechanism. Its priccipal sim woutd e, oo the >ze tagd, ©o
introduce scleptists rot now worxing or. defsuse problems irto these
areas and on the other to give sciextifically traized military
officers of the three servizes and sciertiste working in defecse
laboratories an opportunity to bring their vast experience to

bear oo the selection and study of the problems to te answered.
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Tvo mecharisma Teceived mack atssni>u [raom the group. One,
a Center for Defense Resear:n Work-Study Sroups, weuld provide:

8. A very emall but nighly =caopetest staff to take
the major burden of hasdling clsssified scientific work-study
conferences for AFPA aad cther defenne sgencies.

b. Secure weeticg rooms for ever-changivg greups of
limited size, pearby work rcoms, a2d plsces 1o eat, walk and sleep
without golug outaide the gusrded area, ard surroundings under -
whose influence it is 8 pleasuve to work., Su:n 2 place does not
nov exist in the Washington sres. To pravide su.t a piaze would
pake it possible for a group to do sutstantially more 1o & limited
time, as witrness the curstanding Gordsn Resesrcn lonferecce.

c. A geod amali worxang iiwrasy of classified snd
unclassified referezie marzrials-

-g. Sippie ccxputation falilities.

e. Froximity ti an =xvelleat 1itrary and <7 8 uciversity
vith exceilent departments of scisnie.

f. Fucilities for repriducizg wnilsssified arg claseified
materials,

g. Coatact Sffile 1o ARDPA 1o deal wvath fiovw cf fn-
formatior acd reports, Lisarani® o7 visits, and £-beaaling of
vigits.

b. Proximity to Washizgton s2 1espossitle Washisgton

people can contritute with the same effestiveness [rom which Froject

137 benefitted.
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i. Opsration by such an agency &s & non-profit defense
Tesearch organization of high standing or the National Acedemy of
Sciences to guarsntee to the Center a cormtiruing prestige among
scientiats, among the services, and service laboratories, so that
anycne invited to take part in the work of the group can consider
it an honor to be able to caue.

J+ An everechanging program of specializéd work-study
groups in responss to ideniified needs.

k. A regularly prograrmed repetition every six months

of something with the seome and problem identification responsibility

of Project 137 as & minima)l response to a pressing need.

The other mechaaism, an Advarnced Security Research Institute, would

a. Include the Cexter for Defense Research Work-Study
Groups and perkaps evolve out of that Cexter.

b. Provide » place w‘hez‘-e scieptists can go on leave of
absence from universities, industry and the DOD laborutories to-
gether witk operational militery persoﬁnel from the DOD in an
atmosphers of study to contribute icaginatively to pational strength
ir a free-manging panner without comrmitting themselves in advance
<o any specific kird of projest. The Princeton Institute for
Advunced Siudy would serve as a model. .

<. Cousist of mexbers and visitors. Both groups would
be cleared and mmich of the work would be classified. The nine or
more merbers weuld have terms from perhaps 1 to 5 years, would
be eelecied f1om a variety of fields, and would assist in planning

problem identification meetings like Piuject 137 and otherwise
- 26 o IDA-ARPA S-1



search for new applications of science and solutions to urgent
problems of defense,

g,_. Provide a center for visitors coming for periods
from & month to & year either sent by defense laboratories and
other institutions under arrangements mutually agreeable tc all
three parties or otherwise invited to participate.

e¢. Have for foundation of its work ready access to
informatior and briefings by t:ie DCD and the scientific community.

' f. Conduct such seminars as seem appropriate; serve as
a free market place of ideas with much of the student teacher
relationship; possibly promote and edit a classified journal
comroa to the area of acience aund defense.

g Have appropriate cooputers but minimal labcratory
facilities.

:. HEave po coatract award functions, have no supervisory
function, pave ro assigned tasks, tave no responsibility with
regrect 1o national ‘sciesce policy, be no place of referezce
for crganizationsl questiocas. 31ts dally grist would be the
techrical proolexs of science and defense; 1+ -ouid Ye 2 full-
time activity.

1. Provide a means to expose high scientific talent, not
nov occupled with deferse activities, to defense problems, without
diverting taleat permanently from the pressing basic research needs

of the UGA.
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As bVetwveen the Center and the Institute opinions in the group
vere divided. However, no question existed that a decisively new
mechanisn must be found to promote ¢loser contact between the DOD
and the scientific Commmunity. It is the feeling of the group that
a Center for Defense Research Work-Study Groups, or something
like it, is a minisum response, and that efforts should be made
to move as far beyond it in the direction of an Institute as those
more familiar with pationsl science policy deem wise. ARPA has
the power to bring the much-needed new activity into operation,

and ought to move promptly to do so.
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A-l. CHEMICAL SENSING

Introduction

The ability to ldentily airborte or waterborne chemical species in
extrezely low corcentrations would be a poverful asset for both military
and civil goals. It is difficult ¢ visualize any natural or man-made
process which dces not pu* tome kini of "signal” into tke air in the form
of a few {or many) molecules ¢r atome which may be characteristic of that
particular process. Hence the possidility exists for diasgrosing activi.
ties of various kinds a% a distacce. This proposal is simply to
stimulate basic ressarch in selected areas yet to be determined with
the aim of pressing existing azalytical tools o their ultizate sensi-
tivity and, if possible, tc devise rew specific metbcds. Ther= 1S no
single gystem for chemical.a:ulysis, 6 1% 1* unlikely that any single
technique will be epplicables to protlems of a wide varisty. Hovever,
a few suggestiens will te ;nver zerely ac fllustratizce. I will be
seen tha”. noce ¢l tﬁese approatkhes 1% oaw but nevertheless with adeguate
incentives for understarding tnere it r<sson to believe tha* nev and

important re:ults can e o%talzed.

Illastrative Exapoies

We may start oy recaliirz tiolwgicel syztems. It is ratbher well
estatlished that the olfactory sen:e detects and identifies specific sub-
stances vith fantastiz zezei{®ivity. TE2 male gyp:y Eoth con detect the
female ty ollfazrion over a 2-mile rangs ard {% 48 estimated that only

Appendix "A"
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1,000.10,000 molecules of some substance per cubic centimeter of air is -
the signal. The olfactory s#nse of a vide variety of animala, ipcluding
fish, seem to be gimilarly acute. Briefly ttated, it would be of great
interest to understand how they do this, and to make use of the dia-
covered principlss either by usicg biological systems as detectors or

by devising artificial systems employing tkess principles. There has
been rather Aiffuse offors on this protiem cver the years but most of
the results have simply deacrited the phencmepcn, and anly a relatively
small amourt of refsearch has been directel %oward a Lfundamertal

understanding.

Moderz irvs-ramenta ‘schoigues which 2scsrmine tharacteristic atomic
and molesuler dissociatie: ard vihration frequrnciez have revolutionized
many aress of chemistry. 'hder <he geparic title "spsciroscopy” one
thinks of izfrared, vacuum ultraviciet. mizrowavs, azd 2vill cther forms
of molecular protirg. whizh have gosat zepsitivi-y bty previoue standards.
"I 3 molesular beam :ims molesulic can ‘a date:zcaq wvith a zezsitivity
0% one per zeczrd. wizp the rezult trpat orsersaticc of a fev *heusand per
tecozd 15 easy" Zatnmarias!'. It 13 bianly iikaly that ssvergl of these
metholds can Te preszeed <2 o sensitivity muth Ligcer tpan preasptly
achisved. 1t migat glto be mern%iczel thAT we 2% oot ktov cut that
existing techzisques ere alirssly adeguete for obaining certain infor-
pation of valus. For exsmpis, wa have learp:d -hat *he Chemical Corps
is alrealy employing infrarsl spectmvaropy =2 o%tain zivance varning of
- certair "nerve geses”.

Appeuaix "A"
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It 4id not zeem wirthwiile t3 ihe peabers of Projgect 137 to try to
think of other approaches themselves because in the time available it
was impossible to ccpe with the draadth of this protiem. An snalogue
might be mentior.ed ghowizg wbat has bes«n doue in another field where
sansitivity acd seleciivity sre inherect qualities. The radiochemical
analyeis of atomic bomb debri: carried through the air halfvay around
the world has rezulted in very detajled diagnosis of weapon type, yleld,
materials of ¢onstruction, ani £o forth. IS ocane could devise chemical '
identification of conradicactive sut:¢snces witkh asywhare pear this
sensitivity, it 1+ ot bard o visualir2 izportact spplizaticms; for
instance: type: sod auzber: of mechines in the vicipity, nev itypes of
fuels iz use. sdvanse varcing of T4 ens FV a%tack, humar corceatraticas.
It migh® als> e mentisnsd b-re tgst *ne general protlem of chemical
s2nsing has alreoly besz cinmiildersl Iriefly iz the 2QOD Repcsrs of the

Ad Hoc 3roup on Atmospaeric Elecwri:icy, RO £99/13 (15 Dec 1956).

Specific Pecommepdation:
Soxe per%a: CY FRel.¥ fhTull feovey tne precent rvatus of this field

iu crder to firm.late trs Pollowine.

a. Definiticn o <e-nvisu=s: of nigh seusativity end
spacificity. l

b. Cartalrgue 2f resssroc alresdy 1n progress tearing on the
probleq.

2. Pesearch worxes: wno toull tovritute ) 8 Zuture program.
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4. Specific applicaticas of intarest to Departmert of Defense.

Based upon the results of the survey, recommendations should be made
for research vithin existing gocvercment laboratéries and for coptracts
to universities and research fourdatiors, and for a conferecce for the

exchangs and stimulatiose of ideas.

As promising leals Zawelor. & mora sonterted eff5r% should be made

to brizg them in<o praztical applicatioc by agecciss yet <o be defined,

A list i3 giver here of areas of sciezce eud tachoology vhere one

might turz fir icfermatics 22 this praoblem;

Chemaru-epticn iz izm:zact: V. . Tetniex; Johns Hopkins
arl other azimals F. &. Exdas:z, Columtia
A. J. Haagsan-Smit, Cal Tech
Incess repellects ara Searley Hall, TEDA, Peltsville
atrractaat:s
Moleculsr spesiroicopy Mary pespie io many laboratories
Alr polutior provies lenter of muck fundamental work
ia Llo: Azgsl=3 area
Microerezistry B.o2. Curaszakar lmiv, of Calif,
. I Perlman
P B. M. Toycs
/i C. 5. Marvel
y F. Wall
J
s
Appecdix "A"
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A-2. INPORMATION TRANSMISSION BY CEEMICAL SENSING

Twvo kinds Arlinrbrnation can ba secured by chemical sensing:
(1) tbe concentrations of specified molecular species at a given
instant cf time ani (2) how this concentration varies vith tipe.
A fev of the many conceivable applicaticas of (1) have already been
mentioned. Observations of tke time variation (2) can also be
visualized to securs information frogm fos or frisnd; for example,
to count the number 0 eremy vehicles passing & given poirpt; or

-

to receive aiguals from ore's ovn forcees under special conditions.

-

To give an 1lluatrative eyample, imagire a radioactive material
vhich 19‘ emitvad in 21s:rets coded puffs frcm & “tranemittar”. The
"peceiver" 15' 8 radiation detectsr; say a Ceipger coutter. This system
of informatioc trmsmiss_icn ccull ohriously te gereralizsd by emitting
simultarsously two or more iypes cf ralloactive sybstances, and pro-

viding the detsctor wi*h ensrgy discrziminaticr.-

The ipnformaticr 2o trazsimitiseld na:t the uzu:ual feature that 1%
is wvarhed cut by atmospheris mixirg afer paseage over a certain
distance, which can %e 53jus<¢d oy varyirg the lergth of the

individual puffs.

The azalyzis »f thia lose of <ohereace, or ioformation content,
1s a probler iztersctizg oo *vo :2uzt:. (1) mere irformation atout
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the mixing process would assist in the firet corceptual analysis of

& puff-type information transmission system; (2) the study of the
diffusion and conveciion of Jcdividual puffs of rsdiocactive or
chemical tracers woull i3 to our understandicg of amlcrometeorological

Processea,

Specific Recogmerdations

As part of the task of the persch or ag=n:y that first surveys
the field of :hemical sersaicg as & wiols, attention should be given
to puffs of radicactivity a2 shemicals (1) as & way to trensmit
coded measages that are ctlitersted teyvnd specified distances and
(2) as a means to incresss uzderstanii-g sf miircmeteorolegy. For
thia purpcae it woull Te spprapriste %0 stiure tis asgistance of
an imagirative esfert veil re:amee. i) Ty IT. Barry Wexler, U.S,
Weather Pureau = IT. Lrirge Trartiey, Port Meericg, Frederick,

Marylezd, or Frofesscr 3.i%cz, :ioww®ast to Port Deliri:k.

P. FReirey

Apperiix "A"
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A.3. FIEL o

The presentations we heard lald heavy eiress on the burden of- .
supplying fuel to mili‘ary operstivas at advarced locations. The
Anericoy army advancing across Frarce into Cermany conaw sd 400,000
gallons s day. Io Korea fuel zonmatituted cver 55 per ceat of the
logistic load. The army of the fu‘urs, plennipng cn nuclear warra:e;
mst and dess seek a mobiiity higher than ever before. Agalnst
achieving zuch mchility toe demanis of fiel szd the fuel supply ldne

laterpoze massive ghetaclas,

No technicul provrlem =¥ *pe mcdarr armyv has higher pricority,
por offer: 3 graater chellsrge o :i1:0d 324 tetarncioRy, than

fuel supply

No solwtisn of <ke fusl pratism 1@ arzeptalle which dore not
_recogni:e the wsny ®Ali‘ery resnarsment: 22 the pagy nind: of vehicles
that sre 2ing *> uee tono o4l It 13 evy2ss that parrsleunr fuele
have z2=y virtue: Aty altercatiew must TR oAt lzazt £anuivalenst
operatizrslly Tnooediicir . o1t Wzt redgcae ore logicraic lioat if

it iz to 2fvit conzpdsromir for geunpa, field ie,

Frig the evide-ne avgpilarie % 4% 16 3 Curi.cy [EViev 1t appears
that thers i: vigirone 50 {@DAg1lnetlve 2eesrih it Progress on racy
facet: n# thiz proarlaa in wons 1nfustirial «od paszrrment laboaratories.
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However, we believe that nev scientific principles must be developed |
through picneering research befores fuel logistics can be substantially | : '
simplified. That this point is recognized shovs in ths suppcrt of —
research on such a subject as free redicals, and vork on fuel ce.u's.: )
for direct ccoversion of chemical enargy to electrical power. We .
believe that the importancs of the fuel problem demards continued and

increasicg support of re:zearch ian such dasignated areas of science and

technology. L

To be able to gecerate fuel locally rather thas skip 1t in
would be & gxear step forwarl. We do 2ot sez how to do this, but we
can gee éirection: <f iuvastigatica that might ultimately open the
vay to such a localized fuel sysrzm. The sy:item would be centered
about mobile pcwer :zupply uplit:z, suzr as motile puclear reactors.
The reactors would pr&lu:e fusl for the use of vehiclea in their
localitiss From thi: pcint oo the :yatem would d1ffer accordingly
as the fuel is Yrurned or mersly 3dcgred:d 2 az ezsrgy.poor form

that would latsr e regeneratsd at oae 22 the power elurces td the

water. Thi: egystem would lead to fuels such as bydrogsn peroxide,

metharcl, or hydr-ges fgas or 1{juid). We male contacy with
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promising secrst RACA experience on driving jet plares with liquified '
hydrogen for fuel (RME 57F l3a, -1k, -19a and related NACA reports).
We found that the storage tank weight relative to the fuel welight 1s
no more for ligquid hydrogen than i+ is for gasoslipe. We were in- '
formally advized by NACA warkerz *hat the same fuel cas probably be _
used without great Aifficul=y in existing reciprocating engines su.cﬁ o
as drive most ground equlpmsnt. FPractical &xperimeats with such .
equipment medifi=d to liquid hydrogen fuel have rcot come to our |

attention and decerve consideration. The techniques for simple safe
use of liquid hydrogen have msls enormous sirides sinc= 1952, giving o

occasion for a frezh lack at this fuel for use with existing vehicles.

Apong rergecerative fysl s5etezs parhaps the gr<atest long-term

interest attackes t- an apprcach tha® i3 mot feasidle by today's
techneclogy: elsctrochemical gaparation 5P fuel - preferably generation
of a pair of liguid r=icvaztz. A and B, cut of a liguid er solid
degra.‘]a?e C. Vehicles wiuld trads 1o € woen celng tanked up through
geparate ports with A ant B, Mo ceemizal fusl: woull be Brought

into the axes of ko:tilivie:. In cate 22 protras4d cperations it
migh* bs re<azcary T35 nring Ao new fis:silis cores for tae suclear
reactors used to regensrats vths chemizal Ffusi. ALl wahicles would
te powsted by e2lectrziz mitor:. T2 whis coprnacvior, 1t 1e interesting
to pote that soms woders -7 - -0 squipmens {le ‘fou.m.eau -
Westinghouse) has four-wna:l slectriz drive,
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There ig no reasocn to believe that a practical electrochemical
fuel system, if it can te develcped, should be limited in applicaticn
to the high priority goal ¢f military mobility. Civilian applicatiocn
might be forced by rising corts of couventional fuel for motor trans-
port. In such an applicaticm ike filling stations might look
familiar Sut the fuel they sold might for the most part be regensrated
locally. Tke electric power for thit purpose woull come from

stationary auclear reactors sultably spaced over the souatry.

Four ntal facts sgtand cut atorut electrochemical epergy:
2. electric drive ha: wnijus simplicity, relia®ility and
flexdtility;

B, moRile reastze: ran régernevate clecurochemical sources;

1n

. pcunl for pound slestrechemizal 20uris: can store As
Zuch spergy as g
. d tni: stor«d 4nergy can Ye converted ictc power at the

wheel: witn an efficsercy puch Wigner thas the corztcpomiing afficiency

- for gaz:olits

The <20 ral provlen 13 the electzochemzal 7ell. Despite great
loprovenszpr:z, %oday'zs <ails.
8. ars W7¢ keavy,
k. have a t35 low curiwzt capscity.
Internzive developmmnt woTE nA: gore oa and gontinues to go om, but its
gouls are imp-cvenenl: of A few per cect, pot radically new epproaches,
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Such approaches demand quite & new kind of reeearch. As H. X. Ziegler
has remarkel, "Extensive research in the field of electrochemical
kinetics could te expectad to yield valusble results. Moreover, only
a small aumber of the poss’dle variety of slectrochemical systems

kave yet been investigated.”

Amoeg points worthy of special invest.igatlicn vould se.-.h to be
the following:

8. 3ystems powered bty liquid electrochemical reactants.

. Pnysical mechanisms for securing large reactlion su.rra.ce-
and ys* preventing irreversible comciration of the reactaats (emulsi-
fication vith orgaric sepsrator films; Tubblee; tachrijuss familier
from rl-z?atzsn procerees in mindizg; cevitatior; jet: cf cne liquid
going iaT2 azother; tarriers),

€. "o fundamerntal theary of the gaxamum rate of nearly
reverzitle clectrolysis that 13,12 praincipis, possi®le. Srom this
theory »ns wiuld :esk <o 2evermine the Yaiic physical parsmstars

witk wihish sdvanced se]) dezigr :houll eomzern 1t:2212.

Specific Fecconecdstions

Ar appropriate agency :poald:

4. itk Jat the mos? azvan-+d thinkipg at ARC latoratories
ard elsewhere on hew zmall snd pov mobil: 1t may be cenceivable tea
years henze to conatruct elscrric power gereraticg reactors with a
view to ccmepw.ai analysis »f ar advanced fuel gensratiog system.
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b. Ssek advanced thinking on what a resctor could do if 1t

were designed for producticn ¢f hydrogen at the optimum rate directly

from water rather than via electrolysis;

¢. 1~ the light of this informatios and experiements on liquid '

hydroger. powering of eri:ting equipzent, Jstermine under
conditioas, if any, a hydrcgen-fielled systep might make

d. Dctermine vhst iadividuals and instituticons

vhat gpacial
gense;

are in the

best positicn to contrinuts ralically new apnd izagivative idesas %0

the theory and design of eleztrolytic cells, and

¢. Take vhatever step: ave resded o the vay of conferecces,

work-study groups, arrangsmert! vith governmept la%cratories and

ocutside coctrasts to stim:ilas +ha pezgretiicn of voriovhiie advanced

ideas on:
(1) reacteor testral:gy;
(2) energy storasc,
{3) elecrrelyric -=lis,

(L) electmchenrcus "uel aere ytion, azi

15} fel utilifzic:ioe,

and to fopwsra work on *h=k  li-eizs tieariz c-s zomoeptual desiga and

evaluatisn of a yegensrstive <le +roonsmdzal foel or other sdvanced fuel

system that mign* drastically cut fowr the 2wl supply problen.

P. M Tfoy-e
C S, Marvel
1. Forlaonr
F T. ¥all
Y. A, Wneaslar
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A-L. TRANSMISSICN OF ENERGY THROUGH SPACE

The group heard of work in progress on electromagnetic methods of
trangmission of energy through space, intended for destruction of either.
ground targets {(River Styx Project) or iccoming mizsiles (Project Cindy). T
Other motivations are ¢ Lso obvious for seskipg means to Lreasmit energy
through apace: t2 supply power to forward combat locaticns; to cperate -
reconraiasance drepes; and to sustalin ewift high-altitude drooes for
blocking ballistic micsiles. It would be as difficult to catalog all '
the applicationz of a practical tranamissiou syiatem as to try & hundred o

years ago to list all the uses of electricity. At this point one can

only pass the judgmeszt. "potentislly axtremsly importast.”

To look 8% epplicstions, agdl %o sesk %5 resch them priparily by
pushing existing approaches to the limit, may very velli le=ad to very
worthwhile advancez. Bovzver, 1f past history 12 any guide, it would
appear that the charzes to Suwr up sowsthizg oew and promising would
be increasz2d by alzz lockizg 1ot fundsmausal pricoiples e;vl examining
pew conseptual sombinaticp? wi*hout tryirg to vizualize any specifie

applicatiza iu a1l 2etail.

Littls time wa:z &vailabls to reviev ths well -kenown fundamental
principles <r ts look 1a': wew ecmbina<icos. Therefore, the f7llowing
comments are offersd orly az & limit:d curvey of the field of ersrgy
transmigsior, tc highlignt =cas of +ke challengirg que2tiona and to
guggeat a f2w dresitons in vhicth =f£f01% might prove especially weorthwhile.
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Electromagnetic Fadiati.n

Electromognetic radiation is a reasonable basie for & system of

energy transmission:

&a. the principles of propagation are vell understood;

b. the radiation can be trapsmitted to great distanses and
directed;

¢. the technology of generating radiation hes had considerable
developmert; A

d. electrical eirsults offe; & more flexible technique for o
haniling pover thar, do any other known methods.
For transmissicn over distances tetween 1 km and 20 km the shsorpticn eof

the atmosphere affects the inolce of wave length 82 showvn in Table I.

Tadle 1

Wave Leogrhs, A Transmissible {n the Atmosphers
Pelew the lonospbere. Figure: calculat=d from
tadles ic "Propagatiorn of Short Radio Waves”
édlited b D. E. K+rr. MeGrawv Aill Bosi Company,
Nev York, 1951,

50 par st lecag 10 psr cent loss
permitsihls over permisesible over
1 ko patn {3 4b/icm) 20 kx path

{2 x 10"~ &b/km)

Clear veathsr *raze-

mission sufficisrt A2 0.18 cz {but not A% 2 em; also
in the irzmediate optical and near
neightorhond ¢f 1/b ¢cm infrared
and 1/2 cm); also
optical and near
infrared

All weather traps.
mission required A7 1cm A7/ 8 en
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At greater distances the metecrological complicationﬁ of the atmosphere
make proper beaming of the ensrgy increasingly difficult even when the
path of transmission runs more thkan 100 meters above the ground laysr

of air. Beaming also demands a narrow diffraction pattern ani, therefore,

a8 sufficiently large antenra (Table II).

Table II

Mirimur Diameter, D, of Transmitting and
Receiving Antennas of Equal Sizes and
Uniform "Surface Emissivity” Required to
Reduce Adliticnal Losses bty Diffraction
Below the Specified Upper Bound.

Ceondition 50 per cent diffraction 10 per cept diffraction
Inss ar 1 kT 1253 2t 20 ka

5 x 10-5 cm (vizikiz? D = U cm D =« 1o

clear weather A s 018 Dz »? = 2cm, D3 2X0m
As l¢om, Da.Snm Aas Bem. D, LOOR

Note: All D values are rough estipates,
The effective area of th2 two sante-nas ~ar, ir principle, te decreased
below the fndicared limi“s ry a da2:ign tnas Jsef not assure uraform flux
of high frequency -ur:2nt over the acterps surfaces. The optipur design

deperds upon the kied of criterion of "effactive ar=a” that {s relevant.

A fantasricslly high vpper limir {s est to the pover der:zity that
can be transmitted by r=acar. of the hreakddun strength of air for static

fields, of the orasyr of 0,070 valus/fem:

O Appendix "A"
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(surface density of pover emission)

= (velocity of light/87r ) (100 electrostatic v.roJ.t;a/::::r:)'1

. 1013 ergs/cn2 sec

sl megswatt/cm? .
The actual limlts are substantially less than this figure due to the
freguency deperdence of breakdcwn field strength. However, the poue£
levels that are in principle attainsble for antennas of reasonable

size are in any Iase enoruscus.

A rddiative output of 1 Mv/cm2 can be obtained from a thermal
source only at tempermtures over 25,000 degress Kelvin. Therefore,
attention is drave away from inscherent thermal radiation to mono-

chrematic radiatioz im s2eking for algh intensity sourceg.

An idealizel anterca for the emission of monochrematic radiation
might te visualized as conzis<ing of tws sheets of curreat, unifora
in density, over tke arnteana surfuce, separated in space by a quarter
vave leagth, ome cs:iilatory currvat lagging ia time by a quarter
pericd vwith r=spect ¢S the cther., At a third the eritical field
gtrength (1/3 of 100 electros*atic volte per cm, or 1/3 of 100 gausas)
and at a t=2atk the assocliet:1 pover level .- that 12, a 1little cver
100 kilowatts/cm2 - ®ach shedt muzt have a surface dapsity of current
of 6 amperes ﬁer em. To drive the oscillstory current against radiative
resistance reguires a ficld gralieat of 10,000 volts/enm.
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Radiative energy in present day microwave aystems ia generated;aﬁofi"l_
at the antenna surface, but in a separate unit, from which 1.t is pipec’l- :
to the antenna. The whole design is governed by the technology of fz:eﬁent
day energy sources. To exploit that technology to the limit is certah.:;.isr‘
an approach that d.éserves strong support. However, it may also be worth-
while to ask vhether quite a different design can be ccnceived, ia which
the energy source and the aptennas are cae and the same piece of eq_u.ipment
Components for pulsing or modulating the outgoing energy are already | _
eliminated because it is energy transmission that is desired, not in- '_ .
formaticn transmission as for radar. It iz, therefore, tempting to try
to eliminate other components as well, such as magnetroa and piping %o
the sntenza. A model system offer: itself as ipspiration in the search
for conceptval simplicity: the atom. A sipgle electron circulating

about a nucleus serves a3 bYoth pcwer source and antenna.

Any attempt to conceive of an easrgy €ource spresd over the antepna
itself bac the follewing guide linea:

a. A ddstritution of curreat over the swrface at a uniform
density of the crder of 1 t> 10 ampsras per e¢m, or a more patchy
distritusion with higher lccal denzitisa,

b. Potantisl gxé.iiec:.s of the order of 10,000 volts per cm
on the sverage - sgain with non-uniform diztributior a po2sibility.

c. Periodic veriation of the currents, properly synchronized
in bcth epace and time.

d. An ecergy input.

. . Appendix “A"
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In other respects there is an enormous range of freedom for conceptualA'

design. The folloving possibilities are among the many that cbviously

come to mind, individually ard in combination:

8. A high current electron or proton beam.

. Deflecticn bty electric and magnetic flelds.

o

. Plasmas and plasma vibrations.

in

4. Arcs.

e. Cavities in electrical czcillation. _

£. Direct powering of the antenna by ccotact with rapidly
rotating parts, such &= magnets or savitiesg, 4Ariven by turbine or
otherwise from a primary thermal energy =ource.

£+ A plazma driven by a coutrolled thermonuclear reactior.

h. A receptor identical iz dezign with the emitter.
To have seen emearge in only two 22cales the magnetron, the klystroo
and & variety of travelipg wvave tubes 1s to reccgnize that the oppor-
tunities for iaventioz are limitless. Bowaver, it is pot clear that
the incentivae for invenrion of % nev nergy %Yrsasmissioc source, and
some of the reguirementes for it. aave sver becn erxplicitly formulated
and put before rhoze with toe groatest creative {msgination and proven
inventive ability in the field of lectromics. J. R. Plerce, in an
appraizal of the pozzibilities for geusrating electromagnatic energy,
states, “"Prograes along such nov=l lioes can only come if exceptionally
gifted physicists and esgineers can be interssted {r thipking bard
about such matters.” It would appear worthwhile t5 conveps an expert
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work-atudy group under conditions optimal for genera.tinglnew 1deas 1n
this area of transmission of emergy by centimeter waves. Some mcmbersp
of Project Sherwood would undoubtedly have & special contribution to
make. The view has often been expressed that this intensive work on_. "
thermonuclear ensrgy may in the end contribute even more through an
understanding of the scierce and engireering of plasmas than through

achlievement of an jmportant new energy ssurce.

At still ghorter wave lengths, still more imaginative methods
suggest themselves for emitting energy. Among the possibilities now '
under conslideration in a mest modest way are:;

a. An electron beenm gulded at the proper distance above the
surface of a rulsd grating to> produce visible radiation (W. W. Salisbury).
b. Coker=zt emizsior ¢f irfrared radiatice {Charles Townes
and BerJjamin lax) as ccotirasted to the incoherent radiation from
thermal sources.
The opportunitis~z iz taese and cther directiors are a5 limitless that

thig field Jd:sgezvaz letsmze sumport =ad stimulaticn.

The pcesibility also dessrves consideration that sz atomie bomb
can te induced 9 emit radiatica of a selected wave leagih, poasibly
aven direct2d radiation, by ccdowing the casing with a structur= of
cavities to stimulate hydrodyramic plasma vibratione, or with cother
speciel geometry.
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Gravitational Radfation and Neutrinos

These forms of radistion offer, in addition to electromagnetic vn;es,
the only known methods to transmit en=rgy through space with the speed E:_r
light. They are among the most interesting topics in modern physics.
However, theres is not the slightest evidence today that these forms of

radiation warrant wvork lecking towards specific applications.

Acoustic Radistion

The maxitrum steady state rate of transmission of enpergy will be .o.f
the order
{speed of scurd) X {thermal epergy demsity of air)
or a few kilovatts per cma. The sxporectial rate of attertuation is
quite low at reasonatle fr:ijuencies. However, relia®le beaming through
the opea air fcr distsncas even a¢ short as a mile i{s rormally out of

the question, du= to refriction by temperature gradients and winds,

Vortizes

P. C. Werrsr and the writsr have duplicatzd iz the latoratory ome
of tbe geveral known types ¢f fir2ball. A glowipg sphere, several
ipn~hes 1ir. diazeter, was cauv:2ad to appear in the alr acd to move hori-
zontslly 8 numter of fext, at a :pe2d of a fev meters per se=cond, until
it wen® out with a pop. A smoke riog gensrator hed been filled with
city gas and tapped to <ject an invisitle ring of gas. The ring, after
traveling a®out a foot, passed throvgh a spark discharge which ignited
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it. The glowing vortex continued to propagate. Presumably, mixing of sﬁa.
with air tock place until an explosive compousition was resched and the

firebvall ended.

A large invisible vortex of explosive gas could be used to discomfit
an enemy under suitable conditions, and might even be designed to
produce heavy damage. The ring would iravel noiselessly through space
until ignited by flame or spark among the recipiernts of' their equ.lpmént.
The ring ge2nerator is of exceedingly simple constructicn: a box with a
hole in ope face znd a rubber sheet for the opposite face. The vortex
propagates through space with good preservation of identity, as seea in
the behavior of "dust levils” adeve western daserts. However, the same
observations shovw Low very subjact the aim would »e to changes ic vind
direction and wind velocity. For this reascn, repeated tries amight be
necesgsary to score an explogsion., There ars easier waya to cause trouble
except under spe-ial ¢ircumstances, such ag operationg where azealth

and mystery are rejuired,

Vortices can also be proregatzd wdar vater, quietly acd ipvisibly,
but stroag srough - as on2 iadividusl has testified - o ¥nock over an
unsuspecting bather., Applicatiosns are now k:.n:nfr. Yut might be coeceived,
such as carrying limited packages',o'r enargy, of potson, or of fuel, for
limited di{stancee. ' -
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Beams of Particles

Bigh energy electrens and photons are rapldly degraded in the
atmosphere, locing about half their energy roughly every 1,000 feet.
For high epergy protons, the half-sbsorption distance is not much
greater. This experience derives from cosmic ray and accelerator
experiments where the stream of particles is too lov in intensity _
significantly to affect the properties of the atmosphere vhich blockéb ~;

the passage.

Lightning 1llustrates that currents can flow with sufficient
intensity to affect the properties of the atmosphere itself along a
narrow channel. This chanpnel ig very tortucus in the case of lightning
because the first electrons to go that way had low energy, were easily

scattered, and were often replaced by other electrons.

To replace these "weducated" electrons by "educated” electrons
from an accelerator aight conceivably lesd to quite new effects. If by
use of high speed particles the channel can be made straight in the
beginning, and the gas within heated so hot that the bulk of the impeding
zass 18 driven aside, then the door 1s open to sending a quick burst of
energy to a great distance, The use of such a burst to destroy a bal-
listic missile has already been proposed by one of the group, P. G.
Kruger, and alsc by others. Absorption by the stmosphere has been the
greet Aifficulty in earlier thinking along such lines. A new look at
the precblem, allowing for the response of the atmosphere to the beam, is
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now very much in order. For this purpose, conceptual anaolysis and
calculation, plus the enormous storehouse of existing information and

theory nbout lightning, offer promising foundations for a much better

assessment than we have today.

Specific Recomuendations

4. Sooe agency should survey the present status of the field of:f"
propagation of energy through space to formulate: . 
(1) The methods of energy transmission that have been consider?d
to date by workers in this country and abroad. o
{2) The research now ip progress bearing ocn the problem.
(3) Research workers who can contribute imeginative and sound
1deas'or even more directly forvard a future program in this field.

(&) Spéciric applications of interest to the Department of Defense.

b. Starting from the state of knowledge as thus defined, & conference
with & work-study character should be ¢alled - perkaps divided for some
of the tize into specialized groups - to generate new ideas, and to arrive

at a first assesszent of th= areas most promising for future work.

c. Based upon the resulis of the survey, a steering committee of
indeperdent workipg investigators might be appointed upon the Project
Sherscod model to:

(1) Make recommendations to the sponsorinz agency for research
within existing government laboratories and for ccntracts to universities

and research foundations;

Appendix "A"
- 32 = TDA-ARPA S-1



(2) To call periodic conferences for review of ideas and experi-
ments; and ’ '
{3) To bring to the attenticn of the Department of Defense areas

vhere important applications can be pushed through.

As such leads develop, a more concerted effort should be made to

bring them into practical application by agencies yet to be defined.

Joha A. Wheeler
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A-5. ATOMIC COLLISION CROSS SECTIONS

Knowledge of the interactions of electrons and fons with atoms
and molecules has important applications to the defense effort, as
well as to many branches of sclence. We may mention a few such applica-”
tions: 2 :
a. Atmospheric physical icrospheric ionization and reccnhine;- )
tion rates; this is of importance for acme proposed methods of inter- ‘

fering with enemy cormunicaticns ard radar;

PSR
— m-
= U

b. Wespons physics {ARGUS 18 one of the many important appli- .

. 3

caticos);

¢. Missile development (the re-entry problem has been tied
to several atonic reactions; the datection of missiles within the
atoosphere may be closeiy correctad with atmospheric ionization ip the
wake; means for destroying an ICEM withirn the atoosphere may exploit
the weapons capebiiities t> such & limit that very detailed knowledge
of atonic reaction criss sections becomes sigrificant);

4. Plasaa physics and magnetohydrodynanmices;

e¢. Controlled tnermcxuclear reactions - bere lack of knowledge
of atomie and colecuiar cross sectlors involving impurities has beesn a
serious problen;

f£. Coemjcal reactions in gases.

Unavailability of accurate krowledge of atomic cross sections has

retarded develcopment in each of these fields.
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Although the baslc information has been available for 40 years, =
mich of atomic physles has been ty-passed in the course of the develop-

ment of phyaics.

This is true, particularly, of the study of the tross sections
for scattering electrozs and ions by atoms ard molecules. It seems
epparent tkat there do not exist "rules of thumb," or any practical
theoretical tasis, for making even qualitative predictions as to how

these cross sections depend on the detalls of atomic structure. Also;--

no comprehsnsive hacdbhcok tabulations of eross sections exist.

There has teer little improverent in theoretical teckniques for
bandling these preblems since the late 1930°s. Developments in intense
ion scurces ecd atcmic beam spparatus will provide pev experimental

techriques whichk ere Just beginmning to be used.

Host work ir tkis connectinn has tended to be fregmented. An
individual worker deterain23 the cross secticn for an individual
reacticn. Such results do naot in tkenselves secure a systematic
description of the phenomzaa. Alse, much of the work has been quite
incccurate, discreranctles as large as a factor of ter remaining even

after extensive studies lrava been made,

Fecomrmendatiorn:

I zpecific progran for the stuuy of atomic collisions might in-

volve:
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8. A survey and coordination of existing work (for examplé, “;fih
by sponsoring conferences); . .
b. Support of astomic beam and other experimental apparatusl“
to develop practical means of measurement; -
¢+ Encouragement of a supperting theoretical program to use
new techniques in quantum meshanical scattering theory and computiné '
methods; : .
4. Emprasizing the importance of relating observation to the .:
details of atomic and moiscular structure -- acd thus to obtain means =
of predicting cross sections from a knowledge of atomie structure;
' e. Freparation of a systematic tabulation of cross sections,

as has been done, for exempie, bty the Hughes Committee on nuclear

cross sections

K. Watson

A-6. MATTER UNDEP ENCEEDIRGLY BIGH PRESSURE

Recect investigations ty §. G. Drickamer apd co-vorkers have dis-
closed that sutatences under very high pressures {of the ordsr of sev-
eral hundrsd thoasand wtmospheres) sanibit unusual properties. Here-
tofors most ¢f the very high pressure vork has teen ccnzerned with in-
vestigating the effects of compfesaian as g2en after release of the
pressure. 1Ia coatrast to such studies, Professor Drickamer has sue-
ceeded in measuring certain poysical properties (such as infrared absorption
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and some electrical characteristics) while the substance of interest
was under extrene pressure. Among other things, he found that noﬁ;' |
metals begln to show some metallic characteristics when the atoms are'-'h
squeezed together so closely-that ronbonded electrons from different

atoms begin to interfere with each other.

It is now suggested that the measurement of properties of materigl;"
under extremely high pressures warrants further intensive study. Such |
study might enable us to urderstand better some of the phenomena .
coccurring in muclear explosions. It i3 also conceivable that a
vwhole new realm of sclid state physics and physical chemistry might
be disclosed. It is quite pcssible thet the results would be of
substantial velus to astroncmers. Finally it is suggested that com-
pourds of excited helium with other elements might be made under high
pressures. If stabilizatior of such compounds could be discovered,

a new type of fusl might result.

Recomrmendation:

Support by an appropriate agency for good and forward-looking

research propccals.

F. T. vall
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A-T. INTENSE MACNETIC FIELDS

In the recent past it has become possible to achieve very 1n£eﬁ§e -'”i
magnetic fields, <& 106 gauss. The eventual sclentific end techniclal
implicationa of very strong fields are not now clear but their 1mp$;tance
is already evident. The essentlal point is that an entirely new range |
of physical parameters has become accessible: magnetic fields vith-;n
energy depsfity approximation high explosive have alreedy been produ;ed '
with an expectation of even higker fields., The charscteristic of naéfér
under the action of suck fislds should be studied from the fundamestal

point of view, as should the fields thems=lves.

A fev examples of promisirg uses {nclude: (1) the study of mixing
in implosive systems with the fieild as the lighkt-decelerating medium;
(2) the acceleration of charged particles by the action of the magnetic
field; (3) cénstruction of tiny focusing magnetic systems for use with
puised high energy machires; (4) irnibition of the photographic process
by the action of strong magnetic fields; (5) containment of a plasma

by longitudinal as opposed to pinch-type flelds.

Some ideas have been advanced as to ways in which even more intense

pulsed fields cean be cbialrsl by means of nuclear explosions.

To date the amount of work dons in this subjeet in the free world
is very small, with only a few active workers. Evidance exists that

the Russians are active in this fieli.
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Recommendation:

An sppropriate agency should sponsor a symposium on intense magngfic'
fields and seek for means to stimulate more forward-looking work in o
this f1eld. Among those active in the field vho might be imvited to
help organize such a symposium are:

H. P. Furth (Livermore)
C. M. Fovler (Los Alamos)

F. Reines

A-8. FORMATICN OF CONCEPTS OUT OF DATA; AND SYSTEMS RELIABILITY

The Problam

One of the principal problems that frequently arose in the course
of Project 137 has been connected with large-scale data handling.
This includes identification, eclessification and evalustion, in addi-
tion to computations proper. Problems of this kind are common to all
three services; in addition, there is the problem of information flow
within the govermment itself. Justifiably the three services have
individually pursued many avenues of solution for thelr many problems,
right down to the fundamerntal aspects. These problems are, however,
parts of a much more general picture. It 1s therefore useful to learn

more about the basic underlying structure of this picture,

The Néw Approach

It 1s well reccgnized that coaputer development has been most

impressive and that arbitious plaons for very fast computers have
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been formulated. However, it is our conviction that other, qualita- ‘
tively different considerations sh;mld now be sought. When informa-
tion about a prevailing state of affairs {s collected and stored, this
is done for the purpose of answering questions and making decisions.
Hence, eatirely novel procedures of automatic data management must be
developed which permit rapid sifting and assaying of individual items
of information as to their relevance in generally complicated contexts,
possibly appreciated only in a qualitative way. This operation of
"intelligent” recogrition of significant items in a massive volume of |
a priori undifferentiated (background) information is in marked com-
trast to the femiliar approach by exact, abstract relations and precise
item-by-iten sorting. Important contributions toward this end will
undoubtedly come frcm a deeper understanding of how computers can
better irteract with neurological phenomena. As is weli known, the
function of decision-making involves data processirg and computations

combined with thought processes.

The exceedirgly high speed of computers contrasts with a much
greater flexibility of the bkuman mind. For example, in directing
alr defens.e, computers have been inmown %o arrive at correct solutions --
but at the price of very many changes of orders durinz the simulated
bLattle, Buman operators have been able to achieve the same kill proba-"
bility with fewer changes. A problem is, therefore, how to combine
the speed of the former with the intuitive powver of the latter --
thereby attalning a higher level than elither one can reach at present.
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A generalized data processing system that attempts to incorporate _
the neceasary, subtle features with hetercogeneous interacticns is lig;ly
. to be a rather complicated affair. Its complexity exceeds that of the o
modern computers and data processors. But for such complex eqpipment,'l
88 for the receatly proposed weapons systems, the question of reliability
of performance naturally arises. Procedures for the systecmatic reducﬁibn
of the probability of malfunction on the part of a given system constituié_
an immediate cbjective of great importance. Even more challenging, how=
ever, is the oblective of devising our systems in such a way that any. B
failure will subseguently affect only the lowest priority functions.
Since it is patently impossible to build systems which never fail, the
next best thing to achieve is the design of systems which do not fail
when it matters. While it is true that logical design has attempted
to keep pace with component development, the study of reliability and
its attainment even with unrelisble componerts has only been started.
It i5 clear that this subject demands great attention in the present
context. Especially is this true for systems operating under great

constraints or in times of natiocal emergency.

Familiar examples illusirate these remarks about (1) automatized
formation of tentative concepts or conclusions; (2) quick sifting of
masses of data to confirm or contradict these tentative conclusions;
(3) design for reliability with unreliable components. In science,
weather forecasting has progressed scme direction along lines (1) and
(2), but has far to go in systematic application.of these principles.
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In national defense, the fields of communication and intelligence offer.
outstanding illustrations. In these areas a well worked out philoscphy
of reliability and concept formation would greatly strengthenm our o
position. Alsc, improvements would result in the behavior and relia-‘
bility of a future anti-missile system or of the already-prograzmed
POLARIS system, to take examples from a vast collection in the riei& ‘
of weapons. Finally, a deeper understonding of features (1), (2) and
(3) of decision-making would allov more realistic and far more com- :‘:
plicated versions of war games.than those presently being carried .

out on computers.

Information Systems

Digital processing and decigsion elements, perfected in the rapid
evolution of ccmputers, are finding their way into modern military
information and control systems in ever greater number and increasing
sophistication. Yet, no matter hovw generalized for the purposes on
hard, the pattern of proccedures according to which they have operated
to date is that of arithmetic: exact, explicit and complete like an
accountant's books. In contrast, one needs_to examine the principles
of large memories, initially chaotic arnd with quite imperfect access,
whose organization is effected and dictated by the application at hand.
Systems must be thought of that "rAA out” into many channele, and this
at several levels, operating simultaneously. At succeeding stages,
more and more detail may be accommodated, i a manner consistent with

increased parallelism of operation. Further, an hierarchy of many
' Appendix "A"

qm' IDA-ARPA S-1



subsystems of storage is desirable. These subsystems may incorporate
various existing components like magnetic cores and tapes; electro-
static devices, both digitelized and analogue; electromechanical or
photographic techniques; display scopes. There are other possibili.
ties that have recently been proposed. What seems clear is that the “f
conventional devices are either bulky, time-consuming, relatively I

inflexible, or impractical.

Rapid access to stored information is presently limited to smnli T
portions of the data. Scanning large amounts of stored datsa is usuaii;\f
a time-consuming affair. Subtle, imsginative schemes are needed here ‘
that represent new dimensions. Perhaps the physiologist and neurole-
gist, in concert wvith others with different disciplipes, can make

radically new suggestions.

Such systems should be designed to provide flexidble interaction
with the human being. This is an important aspect. Heretofore
automation has been applied under those circumstances which have been
sufficlently sizple to permit complete automation without human inter-
vention. In fact, the exclusion of the latter has been one of the
principal objectives. For the more subtle considerations envisioned
here, the braln rust be an essential component, interacting directly

with the rest of the system, in a flexible fashion.
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Reliability of Systems

Quite apart from the questions of logical design and organization
of a large system, there arises the separate question of the reliabiliﬁy
of performance. The question is, of course, of serious interest to | _
those concerned with any form of large system. Fundamental conaidzfg-"i
tions have only been hinted at. What are the general criteria for o
evaluating the performance; to what extent can unreliable componenfé o
be used; how much redundancy should be included; what forms of checiing:
or corroboration should be incorporated; these are non-trivial qpcsﬁions.
These problems are also closely related to the coding schemes used; B
While we possess a very powerful theory of information we still have
to make a decisive step forward in order to exploit this theory fully;
this step is in the direction of the discovery of systematic encoding

schemes.

Some Immediate Tasks

With current, digital computer design furnishing an important
take-off polnt for the proposed studies, a number of specific ideas
in this particular field are suggested as wvarranting immediate
exploration.

&. The present thinking restricts iteelf to a very small pumber,
usually one or two, of arithmetic unite per computer. The emphasis
has, in large part, been on speed. However, with the development of
cryogenic elements that lend themselves to printing techniques, it is
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possible, as firs' sug_.sted by J. Pasta, to conceive of a computer ;1¥h
a fairly large number of arithmeti{cal units, 8say a few hundred, if not
a few thousand. Such capabilities must alter ocur traditional approaches
to solutions of pumerical problems, especislly in the field of partial

differential equations.

b. For many app‘i~ations of Monte _-rlo-type problems, the structure
of arithm:il: waits [s not very effi-ien:. I~ —ost applications 10 to
12 Bits ;. ucber usuzliy suffice.. T2 . .2 ) bits trat zre usually

available arz qu.te unnecessary.

¢. Faster and more complex computers are being designed to extend
the range of tractable problems. For none of the computers being com-
mercially produced has the question been raised of the significaace; i.e.,
nunber of meaningful bits, in the answver or answers. One may imagine
that an ac e table pr:..dur -..-t be to describe a number, not only
as & fr -t.on and an n8s8cri-~te . .xponent, but with an "ipdex of sig-
ﬁirican<e“. This brute force approach clearly involves more hardware
an . . ntrol vomplizations, 1f not some sacrifice in speed. Even so,
it  n comoletely clea} vhat the appropriate rules should be. Some

6 ::g stion: have already becn made, but more study is anecessary.

Generil R:commendation

It i{s strongly recomm nded that a group be fcormed to study these
robles and work cut a rasically new attack cn them. It is necessary
t -un grour in: *u'e not oely mathematicians and engineers, but
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biologists, neurclogists, logicians and physicista. This group wust have
at its disposal, free of encumbrances, funds and laboratory facilities , -
the detailed nature of the latter can be specified by the group as 1‘38“ h
ideas gradually develop. As these ideas become firm, 1t will be neces-
.8ary to expand the program in some manner in order to reach its obJacfi;n;s

of a working system.

The quality of people, together with the desired spectrum of
disciplines, is suggested by the following list {apart frem the study
group). We feel that many of them could be interested in a program o
suggested by the present report.

Engineers: Julian Bigelow, IAS, Princeton University
Ralph E. Meagher, University of Illinois
Jerome Wiesner, Massachusetts Institute of Technolog
Iogiciane: Cleude Shannon, Massachusetts Institute of Technoiog
R. L. Asbenburst, University of Chicago
Minsky (cf. Shannon)

Mathematiciansg:
A. H. Taub, University of Illinois

S. M. Ulan, Los Alamos
H. Bremermann, Berkeley

Statistician-Systems:
J. W. Tukey, Princeton University

T. M. Anderscn, Columbis University

Carl Ohman, National Science Academy
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A. Newell, Carnegle Tech

W. W. Bledsce, Sandia Corporation
Symonds, Standard 01l of New Jerzey
E. Simcn, Carnegie Tech

Physicists:
R. D. Richtmyer, New York University

Bugh Everett, Weapons Systems Evaluation Group.
L. W. Alvarez, Berkeley ‘

A. W. Lawscon, University of Chicago

F. Seitz, University of Illinois

J. Bardeen, University of Illincis

J. Pasta, Atomic Energy Commission

A. Nordsiek, University of Illinois

Biological Scientists:
' D. Mck. Rioch, IAS, Princeton

A. Novick, University of Chicago

J. Boffman, Buffalo

Joshua Lederberg, University of Wisconsin

J. Lettvine, Mass. Institute of Techmology, RLE
F. Rosenblatt, Cormell Aercnautical Laboratory

H. Quastlee, Brookhaven Nationsl Laboratory

Specific Recommendations

8. An appropriate agency should sponsor an interdisciplinary
meeting in the pear future on Formation of Concepts out of Data and

Systems Reliability, to study specific needs of this program, and to
Appendix “A"
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try further to appralse the prospects it will open ocut. Such a meatihg
could be held in the area of the Argonne - University of Chicago -

University of Illincis complex.

b. An advisory committee should be selected from those actively _
interested in this field, to recomrend appropriate practical means for
forwarding new sdvances in the subject, including contracts and such

new computation laboratory facility as seems appropriate.

¢. Possibilities for application to urgent defense problenms ﬁhﬁﬁl;!.
be sought regularly and imaginatively through this advisory committee
or otherwise, and, when idertified, should be referred to appropriate
agcacies of the Depariment of Defense for the earliest possible

development.

K. Metropolis

0. Morgenstern
F. T. Wall
F. J. Weyl
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A-9. ARPA AND THE SCCIAL SCIENCES

Although the considerations of this group have been largely directed |
to the bearing of the physical sciences on problems of Military Science
defense, we have been much impressed by the possidilities offered by an’
imaginative exploitation of the social sciences in the same connecticn. )
A number of groups have addressed themselves to this matter, in an
endeavor to identify areas of research which might hold promise in
defense applications. BHere we may cite in particular the work of the
Subccomittee on Social Sciences of the Natiomal Academy of Sciences, and.
of the Ad Hoc Advisory Group on Psychology end Social Sciences, Cffice
of the Assistant Secretary of Defense for Research and Engineering.

Both of these groups have described broad fields of study vhich have
obviocus and important military applications of both immediate and long-'
range character. Froo both reports, one gathers the impressicn that
far too little emphasis is being glven to the explotiation of the

powerful tools and techniques at the command of the soclal sclentist.

Quite evidently, the present group, composed as it is largely of
physical sclentists, canoot presume to Judge the merits of detailed
proposals for work im the soclal sciences. RNevertheless, we cannot
refrain from expressing ocur deep conviction that a vigorous explora-
tion of these broader fields is of crucial importance to the defense
of our coxmtrjr and that the advantages to be galned by thelr
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exploitation may far outweigh those to be anticipated by the more m\mda.ne; -‘
prosecuticn of hardware developments. The most scphisticated weapons T
system 18 of little avall if it is applied at the wrong place or at the
wrong time or by the wrong people. More than anything else, we need.::w
imaginative formulaticn of policy, careful articulation of o'b.ject:l.lves“,
and considered evaluation of the relations of men, weapons, and missicns.
These are problems which can only be solved by an enlightened and ag-
gressive attack, utilizing the full power of all the sciences, but |

with strong emphasis on the methodology and substance of the soclal

sclences.

Recomrendation:

We strongly recommend that every impetus be given to the fullest
possi‘bie exploitation of social ccience and sociel scientisats in all
aspects of defense problems. HMore specifically, we urge that ARPA
consider these fields an integral part of “Advanced Defense Research"
and select for support and exploitation certain of the fields recom-
mended as particularly important by the two committees previously
menticned. Persons who might be helpful in this field include:

Dr. Rensis Likert - U(hiversity aof Michigan

Dr. Dael Walfle (Psychologist) - Executive Secretary - American
Asgociation for the Advancement of Sclence

Dr. Paul Fitts (Psychology, Human Engineering) - University of
Michigan, Chairman, Social Science Fanel, SAB, Air Force
T. Lauritsen
R. Weias
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A-10. MILITARY EXPLOITATION OF BASIC VU.S./USSR DIFFERENCES

One of the more comspicuous aspects of current U.S. defense pla.m:;ing
is its close dependence on technologicel development. Surely it is vital
to our security that we exploit to the fullest such possibilities as a.nm
improved mastery of nature can offer to increase our defensive and
offensive capability. On the other hand, experience indicates that
one way or another, every major advance of this cha.x;a.cter is promptl}
taken up by the ememy, with the result that the war-making potenuai' T
of all countries rises with monotonous apd frightening regularity,
modified by only temporary fluctuations in faver of one side or the

otker.

For purposes of argument, we suggest that in the present state of
culture of the nations lmmediately involved, the seeds of war lie in
certain differences between nations, cultures =rd 'ind.ividu.al people.
It seems quite unlikely that any serious ccnflict could arise if
Russ;ians and Americans were indistinguishable from the point of view
of ideology, environment, standard of living, etc. If these differ-
ences could be made to disappear, there would be little occasion for

war as long as the earth can feed us all.

If one agrees that the problem \}ﬁich confronts us depends upon a
difference between the partles, it behooves us to exploit that dif-
ference in solving the problem. Only in this way can we hope to
obtain an sdvantage which will be absolute, in the sense that
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duplication of the system on the other side will not constitute &
counter. As un obvious but 1llustrative exumple, a weapon which incﬁ;;
cavlcated or destroyed any person who threatencd to enmslave his
neighbor would satisfy wmost Americans and would be far more satis-
factory to us than more comventional wespons whose discriminatory
pover depends on the accident of pessession. Less trivial is the
possibility that qualjtative differences in the cepability of inde-

pendent thought and setion oy individual Russian end American

soldiers might be exploited to our advantage, particularly in a vafr"'
involving great dispersion of combat units. Not less important as a
distinguishing feature, but less easy to exploit in our faver is the
disregard for auren life which seems sonetimes to characterize

Russien opersations.

Quite evidently, the inveption of a truly discriminatery weapons
system 15 a difficult job. On the other hand, putting a man on the
mooh is also difficult, and tie solution is far less interesting in
the present ccntext. We suggest that the relative alloection of
effort to these two endeavors is lamentably disproportionate in view
of their respective lpportarce to the preservation of oﬁr soclety.
Even a modest imprcvezent in our understanding of the enemy may have
the most important consequences for war and peace, and even the ?
revelation of a single nom-ccunterable weapon, diplomatic, economic,
or military, may give us adventzges far out of proportion to the cost
of even quite an intensive study progranm.
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To elaborate the matter somewhat, and to form some vague baais for A;
a closer study, we examine here a few of the obvicus points which might _
be considered - and might, of course, be much amplified. These remarks

are directed specifically to the question: 'What differences exist

between the USSR and the U.S., and how can these differences be exploited

to our advantage?” ﬁ e
a. Enovircrment .
(1) Russia i3, to a considerable extent, a landlocked

nation: communication by vater ia largely restricted to her canal and-y -

LRI 5

river system. Transportatioz of materiel and manpower from one poinf
to another must therefore be relstively expensive, both in terms of
capital equipment and fuel. To what extent can this expense be aggra-
vatedl by wartizme interdicticn of the canals? Do the canals and locks
offer any specially advantageous targets? Could the threat ¢f asmphiblous
operations on the northern coastline bte used to force the Russians to
waintain large forces in this inhospitable terraic? The rather con-
spicuous difference in the svailability and usefulress of the oceans

to the two sidea would suggest that strong emphasis oz naval and
amshibious capability on the part of the U. §. might well dbe to our
advan*tage. This is clearly an example where we need not, and in fact
must not, simply attempt to match the Russians one to one. 1In the

past, command of the cceans has many times determined the fate of
nations.
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(2) Eastern and Western Russia are rather poorly conneéted?lr )
important installations on the Pacific are separated by vast reache_s' :
from the center of authority. Might it not be possible to cut off and_
eliminate essentially all of Siberia with a relatively small effort? ‘J
Would it be possible and profitable to establish and supply large vases

of our own in this territory?

(3) Large areas of Russia have ex:remely cold winters and

offer only marginal support for their populations. Could this situation

be aggravated by any conceivable modifiéation in e¢lipatic or ocean
cwrrent patterns? What would te the consequences of a moon shotl ﬁould
cutting the Isthmus of Paznama afféct the Culf Stream? What are the
possibilities of modifying rainfall patterns by systematic ¢loud seeding

in Western Europe? Could a new Ice Age be irduced in Northern Russia?

(4) Prevailing winds in the Northern Hemisphere run from
West to East. Can this factor be expleoited through massive gas or
fallout attacks? Could the nere threat force Ruesiz into expeasive
countermeasures? Could balloon-carried wegpons or instruments be used

to our advantage? What use can te made of thke jet stream?

It is abundantly evident that many more differences can be dis-
covered in the enviromment, social structure, economics, ond perscnal

attributes of Russians arnd Anericars. Opinioﬂs will differ as to
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vwhich of these differences can be turned to our advantage in a military
sense, but an adequate appreciation of their existence and of their _
implications is surely esseatial to the most rudimentary approach tq-;;
the basic problem. It is suggested that a systematic study by a gro&ﬁi
coﬁgrising experts in toth social and physical sciences might reveal:j

possibilities for some quite sophisticeted weapons.

Recommendation:

Support of such a work-study group by an appropriate agency.‘

T. Lauritsen
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B. ENVIRCNMENTAL ANALYSCS

B-1. THE PHYSICAL ENVIRONMENT OF MILITARY OPERATIONS

0f the many factors which bear on the effectiveness of weapona.“”
aystems of any kind, surely a bdroad knowledge of the physical envircn-
ment in which they are to function is among the most basic. Whatever '
our wegpons may be, they must opefete in the lard, sea, air or the
space outside, and in many cases their design must make explicit uaer
of the properties of these media, particularly those properties ’
generally categorized under the fislds of geophysics, oceasnography,
meteorology, and physics of the excsphere. Pecause of their great
importance and universsal interest, all of these subjects have been
explored in some detail, both by military and civilien investigators,
and an extensive body of knowledy= has teen uccumulated. Within each
of the indivrual disciplines, mary rnaticnal and international agencies
have been established to coordinate research activities and to
facilitate collection aszd dissemination of informaticn. In addition,
the individual military services have vigorously supported both basie
and applied research in theze fields to the extent that one may say
that there are no irmediatzly otviou: subjects of military importance
in which effort is ccmplet2ly lacking.

On the other hnnd, AFFA has a responsibility which trunscends
the obliga*ions of any individual military arm, and one which is not
necessarily met by any purely civillarn asgency., ARPA should concern

itself with long-range projects, often out of the context of a
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particular application, nnd ehould be prepared to exploit any improvehen

T

£

g

in basic knowledge, particularly in the flelds under discussion heréi

ot -

Under these circumstances, it would seem appropriate to suggest
that ARPA maintain an active interest in these fields of endeavor, and
search actlvely for subjects of poesiblz: military interest in which—it

may be desirable tc inzreass the level of support.

In thé‘wo;k-Study Croup's trief expozure to currsnt military problems,
several flelds kave appearel which sezem to deserm lncreased attenﬁiéqt;:_.
Of these, perhaps the mo:st cor:pi:zuous are these branches of oceanograﬁﬁy
and "ocesn meteornlegy' having to do with long-range sound transmission,
propagaticn of electromagnetic razdiztion in water, and the topography
of the ocean floor. It eeems *hat U. §. effort in these matters is on a

far smaller scale than that of the USSR, particularly cn the last-

mentiocned subject, ard fer les:z than their i‘mportance would Justify.

Another fielld in which moms effort would ccex to e Indicated hus
to.do with the effects of rolisartivity from nuclear wveapous in the
environrent of 3 groucd arcy  There scems to te insufficient effort
in this arey relutive to *he ioportance of a ihorouah w.derstanding of

this matter ard of *he tactical advartages to te galned from en ability
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to deal with it. Aside from the rather obvious observation that the ’

necessary instruments and indoctrination do not eppear to be avallable _
on anything like a realistic basis either in the Army or among the '
eivilian population, there seem to be significant gaps in the basic

knowledge required to deal with fallout problems.

Still another area where a hard look is required to determine
vhether our current research effort is adequate, concerns the prOpertiéQ'f
of tke upper atmosphere, the ioncsphere, and outer space, especially e
as regards propsgation of electrumagnetic radjation and charged
particles. It has beccme apparent that the réasibility of a number
of weapnns systezs under cwrrent discussion depends in = Qirect way

on certain of these properties about which only guesses can be made

at present.

It should, rerhaps, be observed that the functiocns of the U. S.
comittee on the I.G.Y. are illustrative of the power and usefulness
of a ccordinating agenéy in eccelerating a broad field of study.

With a budget and a mappower commitment which is certainly not
excessive, this group has ealisted active support from a large number
of independent institutions and have done much to make possible

research on a world-wide scale.

l? It should be emphasized that the Study-Group's information is
quite scanty and that the implied criticisn may be quite unjusti-
fied. These remarks are intended ocnly to suggest that the
situation be examined.

Appendix "B
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Recommendation: . i
The possibllity that ARPA night perform a similar service, or even
inherit certain of the functions of the I.G.Y. committee would seem worthy

R

of serious consideration. SR o

T. Lauritsen

R. Stephard
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B-2. RADIOLOGICAL MAPPING AND COMBAT SURVEILLANCE

Currently plasnned nuclear explosion detection and analysis techniques
seem, on the whole, to fill a significant part of the need for combat |
intelligence on this subject. On the other hand, the proposed system is
rather complex and much of the information obtained is of less than
immediate interest to local Battle Group and Divisional commanders. Fér
the purpose of an officer planning an immediate operation in a battle area
wvhere nuclear weapons have been used, the principal questions must B
evidently have to do with the existing radioclogical situation within the.
iocality in which he expects to maneuver. For hio the greatest need is
for a current, detailed radiological map and for the ability to make

quick spot checks at points within a fow thousand yards of his lines.

The levels of rediation which are of military significance are
enormously high compared to those which are encountered, for examle,
in mineral prospecting. Typical levels in the latter case would be
some tenths of millircentgers per hour, wheress a level of some tens
of roentgens per hour night well be regarded as an acceptable risk
for transit of trocops. It follows that the necessary instrumentation
for military applications can be most crude and rugged - possibly

designed 2long the lines of a meteorological radio-scnde.

A number of obvious scolutions suggest themselves, ranging from
the most simple, expendable instruments, available even at platoon

Appendix "B"
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or compeny level, to drone-carried or rocket- or motar-fired devices,
controlled, for example, at divisional or corps level. As a minimum,
it would appear that daily weather maps issued by local meteorological
units could easily include rather detaliled radiological information.

In addition, as indicated above, quite simple arrangements would permit

a local commander to investigate the situation for himself at any time.

The matter dealt with here does not in itself require any basic

study, nor indeed any appreciable development. On the other hand, the

At

apparent lack of emphasis on this problem in current planning for
combat surveillance measures éuggests that the implications of a
radicactively-contaninated tattlefield as a mattér of dally course
may net have been iacorporated into operational doctrine to the extent
vhich the situation demands. The existence of high radiation levels
as a more or less permapent feature of the envircaoment poses a number
of questions, and the ability to accommodate to such a situation may

wvell be decisive in an operaticn involving nuclear weapons.

Recommendation:

Emphesis in current planning on radioclogical mapping and ccubat

surveillance.

T. Lauritsen

Appendix "B"
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B-3. STATISTICAL DATA TO PLAN FALLOUT ASSCCIATED WITH

USE OF ATOMIC WEAPONS BY ARMY GROUND FORCES

How to lay dowvan tomorrov a desired pattern of faliout is important
for an area compander just as it is important for local commanders to .
know how to lead their troops safely through today's battlefield

radiocactivity.

The planning of ground bursts to achieve a desired fallout pa.ttern '

is only partly understocd. The planning depends on meteorology, plua .

such knowledge of the winds as is given by field measurerents. Proper o

planning derands more - a knowledge of how reliebly a specified fallout

pattern can be secured.

Recorzendation:

An appmpriabe a.aency. éinou.ld sponsor research:

a. On the statistical variaticons of winds - in time, distance,
and altitude - about the values indicated on the kind of measuring
equiprent that will be used in the field; and on the correlations among
such variations;

b. On the planning of peasurements for this purpose; and

c. On how to use the results to tell vhat ore can do reliably

about gecuring a desired fallout pattern.

R. Shephard
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B-4. A RADIATION DETECTOR FOR FIELD USE

The urgency of providing a simple and adequate radiation detector ;
for field use has led to the development of a large variety of in- R
genious devices, and there seems little doubt that if the need becomes
sufficlently acute, several quite satisfactory solutiocns will be
available. The present note describes a scheme which offers some
advantages as an interim measure and which might deserve some furtheé

study, at least to the extent of assuring patent pfotection of the

government's interest.

Among the many devices which can detect nuclear radiations,
probably the most familiar is the Geiger-Mﬁller counter, vhich gives
an electrical response in the form of a single pulse each time an
icnizing particle traverses the sensitive volume. Under normal eon-
ditions, the cosmic rays and natural background radiations will
produce a few counts per mipute in a Geiger tube with a& volure of a
few cublc centizeters. For the most primitive device of this sort,
four elements are required: a Geliger tube, a pover supply of a few
bundred volts, a siople amplifier, and an indicator - often in the
form of a headphone or loud speaker. With the exception of the
Guiger tube i{tself, all of these coﬁﬁonents also exist in any vacuum
tube radio receiver. In principle then, conversion of a standard
recelver to a radiation detector requires only the esddition of the

Geiger tube. .
N -5 . Appendix "B"
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Many possibilities for the mechanics of the conversicn suggest
themcelves immediately. Perhaps the most attractive would appear .
to be a simple replacement of one of the audio amplifier tubes with 3
a plug-in unit comprising an identical tube to which is attached th&
Geiger counter and associated electrical circuitry. The Gieger counter
tube, which need be no more bulky than the standard minature radio tubg,
might be connected from the amplifier tube's ancde to the control g&id,
with a suitable coupling coandenser and a limiting resistor, the uholg o
arrangemeat mounted on a standard plug-in base so that no 1nternalﬂl‘  
connections need be made. A slightly more sophisticated version miéhfl"

incorporate a separate switah to disconnect the Geiger tube when desired.

In normal coperstion, the effect of the Geiger circuit would be to
superimpose occasional "clicks" - some 5 to 30 per minute, depending om
the size of the detector - om the normal receiver signal, providing a
constant monitoring of the background radiation whenever the receiver
is in operation. Any significant inecrcase in radiation level would
immedistely manifest itself by an ipcrease in the freguency of clicks.
An increase of a factor of two or three would call for some investi-
gation -~ a factor of ten increase would be far outside the limit of
normal fluctuations in background, and would constitute a definite
warning. A factor of 100 would represent a radiation level in the
general neighborhood of the so-called tolerance dose (a few tenths of
a roentgen per week). A dangerous radiasticn level would produce a
continuous series of clicks, or might even render the device inoperative

« 04 - Appendix "B"
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(this last contingency could be guarded against by suitable circultry).
An ordinary radium-dial watch held close to the Geiger tube would evoke

an immediate response and would provide a convenient method of checking

the function.

It is evident that the Geiger ccunter device here conceived doesi'
not provide all the quantitative information which might be desired in
case of a fallout attack either in military or civilian situations.

Such information requires more sophiaticated instruments and the 1ntéf-;

pretation requires trained observers. On the other hand, in the present”
world situaticn, and for the immediately forseeable future, what is
required is s warning device which is sufficiently insistent to command
attention, and which will not be found to be out of order when the need
comes. Assuming that the technical development does not present un-
foreseen difficulties, devices of the kind described here could be
procured very rapidly and easily installed in the field. They could
be made avallable for all military radics down to company level, and
possibly even to platoon level. Conversion of c¢ivilian radios would

be equally straightforward. Adaptation to low-voltage, battery-
cperated or transistor receivers can certainly be made, but would

probably present some complications.

Reccmmendation:

Conatruction of plug-in inserts of maximum gimplicity and evaluation

with a view tc widespread installatiom.

T. Lauritsen Appendix "B"
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Meteorology is an important inmput into the military equation and, by

B-5. MILITARY GEOPHYSICS

this token, 18 an important part of military geophysics. But, 8o also
are climatology, geography, drainage, landforms and ecology. Much data
in these areas must still be obtained. Alsc, much exists which has not
been used or even comprehended. Military meteorology available at ther
time, 1f used, could have changed Napoleon's campaign in Russia; Hitler
neglected to profit by Napoleon's lesson; and the same mistake was N

repeated in Korea by our own forces. In each cese communications

apparently broke down. The men Just didn't get the word.

. Today there is equally narrow understanding of the isportonce of
military geophysics for future struggles. A detailed xnowledge of rain-
fall, soll factors and the covering road met in future combet regions
may be Just as important in the solution of the mobility problem as a
much-soped-for breakthrough in drive power for vehicles. Systematic
study'or the local zeteorclogy of the Korean combat zcne, with fore-
casting techniques to predict whether or not the second valley over is
fog-bound, or will be fog-bound in four hours, may well have changed
the outcome of engagements as well as indicating entirely different

tactics.

Appendi x nBu
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The following sorts of informatiocn will be urgently needed in
future land combat. Mastery of techniques to get thie information can

well spell the difference between victory and defeat.

Indirect Bomb Damage Assessment

Knowledge of the optimum effectiveness of nuclear weapons in

casualty production requires a knowledge of what the meteorclogical

envircnment of the target area will be at time of strike. Atmospheric
Cted

attenuation in the target orea will have a marked effect on the

effectiveness of thermal radiation as a casualty producer and, alao,'

can aid in the estimate of how much protection can be afforded to

exposed personnel.

Use of FPhotography, TV and Infrared

To be fully offective, the above techniques being planned for
combat survelllance must take account of the effect of meteorological
factors on atzospheric transmission of visible and infrared radiation.
Absorption of infrared due to the presence of water vapor and carbon
dioxide in the air, and the attendant scattering of the shorter visible
wavelengths, seriously affect the performance of optical and infrared

equipment, so much 80 in some cases as to make the equirment useless.

Meteorological Corrections for Sound-Ranging

Wind fields, water vapor content, and i{nhomogenelities in the

atmosphere have a significant effect on the accurasy of bearings on

sl o - sppesdex '
= ' IDA-ARPA S-1

- . _J_'_" A




- -., . e imEE e

ot

enemy artillery and wespons as determined by sound-ranging gear. Sound- "

in-air detection as a technique has been effective in World War I and II,&'

but the limitation on’ accuracy of location of enemy weapons depends upon

the abllity to obtain timely meteorocloglcal data as well as to determined B

LR

the influence of landforms and vegetation on acoustic ranging.

Heteor logical Corrections for Ballistic Missiles

Unguided missiles, and, in a number of cases, missiles with terudnal
guidance, require knowledge about the wind fields to apply corrections ’ _
for accuracy. In particular, such missiles as the LITTLE JOHN are arrected
by low-level winds during launch. Little is known about the variation of‘-
local winds and how to measure them to effectively correct the paths of

such missiles.

Meteorological Data for Fall-out Prediction

Existence on the nuclear battlefield will depend upon being sble to
estimate height of burst, position and yield of the weapon, average
particle size of radicactive mesterial, velcocity of fallcut profiles,
and wind fields as a function of sltitude. Studies in these areas are
far from adequate. Far greater effort must go into such s;udies before

the answers tc falicut predizticn can be given.

Metecrological Corrections for Radar Accuracy

Radar range eccuracies are limited today by the variations in the
rropagzation characterictics of the atmospherc. Accurate knowledge of
refraction is closely linked with the meteorclogy of the propagation

Appendix "B"
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mediun. Further improvement of radar accuracy con be enhanced by more

accurate knowledge of meteorological factors involved.

Metecrology for Army Air

Ammy Alr although limited by size of aircraft, flight altitude and
range requires the same type of meteorclogical inputs traditionally o
associated with the early growth of the aireraft industry. Much inter§§£
will lie in local metecrology rather than the synoptic type forecast
now available. landing fields will be rudimentary in construction; n;.ght _
operations will éredcminate, and various kinds of sensing equipment ca.rried
cn beard will be directly influenced by the stnospheric conditions. With-
out a full understanding of the factors influencing the environment, no .
local forecasts will te possible and the full potential of aircraft will

be highly degraded.

General Meteorology

Much as teen soid regarding the importance of —eteorslogy in weather
medification, in climetslozr, in =astery of the Polar ard tropical en-
virenzents and ia up,=r atnwspl.eric phezomena. The attack on the preblem
of synthresis of the zany related pheazrmena has been very spotty. There
arpzears to te no central group concermed with en overa.l]_. understanding of

these phenomena and their relatioa to military ond civilian requirexents.

Appeﬂdi x tlBl'
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Recommendation:

The Department of Defense has a vital stake in meteorclogy and other
fields of military geophysics. The present unsatisfactory state of
military meteorology is a reflection of the retarded and narrow scope
of unclassified meteorological research. An appropriate existing sgency
chould consult with L. Berkner and others clesely asscociated with ad- -
vanced thinking in this field, to determine what should be done to
produce an order of magnitude improvement in the present level of
forward-looking research in this field, and in the amount of young

talent attracted to it.

R. Welss
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B-6. ON DETECTION OF SUBMARINES THROUGH SURFACE EFFECTS

Several suggesticns have been made concerning the possibllity of
tracking submarines or surface vessels by virtue of changes which
they produce in the water. These suggestions include detection of
electric or electromagnetic fields, detection of induced radicactivity
{for nuclear-powered vessels), chemical sensing, and bolometric measurc-
ments. It would seem natural to inquire whether the mechanical o
disturbances of the water does not deserve more consideration in this ...
connection. It is well known that the wake of a surface vessel remaiﬁsfﬁa
discernable to the naked eye for long periods - certainly many minutes,
sometimes for several miles behind a fast-moving vessel. It may be
rresumed from this observation that some change which is introduced
inteo the water by the propeller must persist in a form which may be

detectable at even greater distances with suitably chosen instruments.

One conspicuous change which is assocliated with propeller action
i5 the introduction of large quantities of rotation, in the form of
"whorls"”, or cells of circulating fluid. Dissipation of the angular
momentum of these cells occurs almost entirely through viscous forces,
and in such a relatively non-viscous fiuid as water, such cellis may
be expected to persict for a rather long time. An instrument designed
to detect small amounts of rotation in the water might them offer the
possibility of a specific indicator of propeller actlion, even long after
the source has passed. Diffusion of the whorls to the surface might
reveal the presence of even a deeply-submerged submarine.

- 01 - A ndix "B"
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We understand that scme attention has been given to the detection
of this and other surface effects by both Canadion and U. S. 1nvestisa-:
tors, and that the results seem promising, although some aspects of the
phenonema cobserved remain obscure. These reports, together with the
puzzling observaticns referred to as fidar, Chloe and others, suggest. .
that we have much to learn about the mechanical properties of the sea. A
Quite recently, the ONR have undertaken a major program in an effort h
to identify the important mreas for further work in this field. In -
view of the importance of the subject and the expectaticn of rapld
advances as more effort is brought to bear, we recommend that ARFA
Keep abreast of these developments and be prepared to lend further

support to the program 1f required.

T. Lauritsen

J. Weyl
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C. PROJECTS AND APPLICATIONS

C-l. BALLOON ATTACKS AND OTHER NON-CONVENTIONAL WEAPONS

In various current studies the possibility of using fallout in a
retaliatory attack on Russia is considered. The fact that weat-east
winds prevail i8 of great importance in this connection, but cur know-'
ledge of these winds, their seascnal shifts, local peculiarities, etec.,

is inadeguate.

It is necessary to point out that the possidility, envisaged by |
some, of using balloons, carrying nuclear weapons into Russia, enqountersi
great difficulties. For one thing. they would have to be released 1£";Lfi
Western Europe and it may be difficult to accomplish this during wartimé${
there. They may drift ints friendly territory, etc. But they may

offer soze $ossibilities in a prolonged war,

It 15 quite different should Russia decide to use this method of
attack and ccmbine it with other forms of attaqk. Such balloons,
carrying perhaps megaton weasons, could be released in Siberila, or by
subzarines in the Pacific, reach the jet-stream and drift over the
whole of the U, 5. znd Can=da. They could be fused so that they sense
cities {by means of infrared), or other objlects. They would carry self-
destructive devices; e.g., so that they detonate at least over the
Atlantic Ocean should they have failed to go off over the U. 5. Balloons
traveling at, say, 60-80,000 feet, would play havoe with our local air
defense. They cannot be reached by fighters and are difficult to shoot
down by expensive missiles. Many of them would te decoys, but it would
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be impossible to distinguish decoys from the real thing. Even if the
balloon were shot down, the wcapon could easily be fused so0 that it
would e:plode at any rate, at any predetermined altitude, while falling _

to the ground. It is a cheap weapon. o

It is true thav all this would obtain were we to use balloons
agaln:st Russia, Whot needs to be pointed out, however, is that we
have here anoﬁhb. .. .. uce of the fact that many technological develop-
zents of the last years give o greater advantage to the Russians than
to ourselves, even if wc should have initiated the development. It 1sAih
clear, for exam. ;, . Lhe density of our population settlements '
raves the U, S, far more susceptible to falleut attoeks than Russia
;s. A FULARZS-type Russian submarine {.rce is znother case in point.
The miniaturization of nuclear wearon:z copens the way for the Russians
to use thenm in sabotuige and other clandestine operations far more
effectively than we can ever do in regard to them. Clandgstine gperations
against SAC, for example, deserve the fullest study; the presently-taken

preczutions egaianst them can easily be nullified.

Tre purpose of this ncte 1s mainly to indicate that we should not
te exclusively concerned with the new features of future weapoas systems.
We should also try to solve the problems offered by the unconventional
uses of existing weapens. 1% must rot be forgotten that some decisive
victories in past history, reaching far back into antiquity, were
gained precisely tecause some imaginative leader thought of a surprising
use of weapons which im no way differed from those of his enemy.
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A balloon attack on this country could, taken by itself, never be
decisive. This is obvious. But with proper timing, and in combinatien
with other forms of attack, it could produce enormous amounts of con-
fusion, fear, and cause large damage. It is a particularly unpleasant
weapon should the nuclear war tend to be prolonged. One recalls the
Jaranese balloon attacks which were only a nuisance; but much has |
. happened since, and the whole matter has taken on entirely new dimen.sions.

For that reason, much thought should be given to the non-conventicnal

forms of warfare.

Recommendation:

Balloon attacks and other non-conventional forms of warfare should
be quickly and most thoroughly explored with all the aid science can
offef, through work-study groups composed of able, imaginative people,

and through other effective means.

0. Morgenstern
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C-2, DEVELOPMENT OF BREEDER REACTORS

In response to various requests within the group, I note down
herewith, in short form, ﬁy views on the development of breeder
reactors in the U. S.

8. There i3 not enough 1?3 1n the world to Justify our
enormeus nuclear power program that would sustain the future world

eccnomy by burning 0235 as a supplement to fossll fuels.

b. Utilization of rescurces demands that we learn how to bu:n-“-

effectively all of the raw materials « namely 0233 and Th232- Ursaium
and thorium must be thought of as complementary fuels in the same

sense that coal and oil are complementary fuels.

c. The successful development of any breeder reactor to the
point where it can be duplicated on a large scale for general use
~is a long and exceedingly difficult technological Job. It will be
necessary to expeod substantial sums of money over many years to

accomplish this aim, no matter when the program starts.

d. In the context of the over all importance to the future of
the fuel problem (see Recommendation A-3), I do not believe we are
devoting enough emphasis to the development of breeder reactors.
Although some work has been continuing in this area, the nation's

reactor development program does not have as one of i{ts principal goals

i Appendix "C"
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the develcpment of successful breeder systems based on both uranium and o

thorium.

Recommendation:

The importance of nuclear reactors for the long-term future of the
fuel loglstics problem {A-3) requires that a much greater effort de made T

to develop breeders based on both uranium and thorium.

R. Charple
Appendix "C"
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C-3. UNDERSEA BEACONS

During cur briefings ccnsiderable egpph:sis was given to the problémﬁn
of generating high-power acoustic sources for long-range propagatlon énd.
ranging studies. It sppeared that o valuctle contribution to these _‘j"
generel prcblems might be made by the design of a high-power, unattended,

undersea acoustic beacon, whose output might be programmed.

To thie end the following observations are made:

a. Of the possible emergy sources which suggest themselves, only _

storage cells and thermal energy frem fission products have been ¢one
sidered. One cannot, at this time, select betweea them for lack of

detailed knowledge covering the stcrage cell situatica.

b. General Dynanice kas done some experimenis or prcducing
azoustical energy in water with a spark gap source. They have been
very successful achrding to information which has been received. It
shculd be pointed out that appirently similar experiments at H&ods Hole

-rave not been very succecsful.

4k in the Hanford apnd

¢. Tte U. S. is nov preducing enough Ce1
Zavznnzh River plant wastec to power several hundred such beacens per
yezr according to prelimircary caleulations. The ccnceptual bezeccn
design which hes bee«n considered. has a useful lifeti=e of‘;he order of
2 few years. Other possible fiesion produci sources have not been
studfed, although there are undoubtedly other satisfactory raw materials.

Appendix "C”
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d. Using Ce ag a heat source, and using the required number of

copzer-ccnsianton thermocouple Junctions, it is readily possible to pro-
duce 2 beacoa which can charge sdequate capacitance in parallel and, on
command, swWwitch the connectlions to series snd discharge the stored

enerzy .ato a spark.

e. ©Cn the basis of tte General Dynamics experiments mentioned above,
it =zprears possible to cobtain the energy equivalent of 10-100 pounds of

T2 with 2 reretition rate of the order of one pulse per hour.

£, The beaccos can and must be designed to te self-destroying under

ceriain predeterained situztioms.

e, Y e e
.c53ible Ulus

Iz 2ddition to the uses ¢f such a sound source for survey and re-
cezreh purzceses, tke following systems aedaptations suggest themselves:

2. A zeace~tize ald to surface and sub-surface pavigaticns. For
ciiimple, 2 sutmaripe may use tic beacon for a secondery pavigzticn sys-
tee, and for the caltbration of o:zher undarses ascousticzl gear.

2. A3 a luw copacity comzunicaticn link between a deep-lying

L. I5 submarine =2nd the contircental U. S.
de advance theie systed spplications only very tentatively.

R:cent Inforzation communicated privately by Dr. Wiesner suggests
thot It Is not 2 zajer problem to comrmunicate to deep-lying subds from

tie U. 3. {Also sce "BASSOON", Aszeniin T-5). The reverse link
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from sub *o U.S. >3 aprarently still an unsolved problem. It is noted
that there are in the Pacific and in certain 2reas in the Atlantie,
SCFAR choannels, vy virtus of which 2 few pounds cf TNT equivalent
energy can be hezxrd for thousznds of miles. Accordingly, we concelve
of co "I have heard you and will ccmply with instructicons" signal beiné

the principal requw.rement.

It is suggested that the submarine might communicate with the
zroposed beacon via a low intensity signal, and the triggered beacon__ .
commuicate with the shoere via a high intensity signal wvhich the sub"ﬁl-; _-
2150 hezrs; thus the sub zZrows that its z2cknowledgment of instructioné o

=-5 becn %tr-oosmitted.

.ec2cmendzticns for Further Studles:

a. fh}éstigate the av-ilability and capzaeity for production of

Celh“. (05 has been requested to investigcte this =ztter now.)

b. Investigate rossible preliminary designs of a fission product-

revered spear source. This is underwsy at QRUL.

¢. Iavestigate the utllity of the undervater srark as an acoustic
source. The Goneral Dynmanices and Woods Jeole studies could be extended

if 4. and b. 2vove sugzest interest znd feasibility.

4. Investigate tke extent to wkich POLARIS locations can communi-
cate with the U.S. via SOFAR chamnels. Vie Aubrey Price of the Havy,
Wcods Hole Laboratory has been reguested to make an exploratory
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investigotion of 4his matter. Preliminary reports indicate a favorable

- Wy

situation.

It i5 a relztively sizple matter, once a design can be established,
t0 build a bottery-powered meckup of the proposed beacon and make some
tests in the oceun. This wewld be 3 straight-ferward and short-terz

experinent for any of the esiatlished lahoratories.

If these idezs appear valuable to LOD and seen feasible, 1t s

assuced that operztional use wouwld bte doierminsd by appropriate agenocies.

R. Charple

G. P. Kruger

. Aprendix “C" .
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C-b. NAUCRATES DUCTOR- L

PR

Potentizl Purposes of the Weapon Sysien

To provide a3 orine shield about U. 8. continental shores, prevéﬁfiﬁg B
renetration by enexy subazrines to locctions for delivery of IREM's oo

U. S. cities 2nd zilitary installations.

To provide a long range snti-submarine screen for U. S. Naval

ogerations. ?;}5;:3931-_

To sweep the oceecns ¢of all unfriendly subrersibles and surface ships;
To attzcl: unfriendiy shore installaticas from great distances.
To serve as a2 vehicle for cherting ocezn floors.

Veaicle

A very high-sreed hydrojet torpedo, powered by a emall nuclear
reactor. Speeds ille 150 znots cr greater zre desired. The diazeter
of the torpedo reed not te restiricted to the usual 21 inches, because
ejecticn from conventlienz2l submarine torpedo tubes is not essential.
Tke nuclear recctor should te carable of gperating for long periods of
tize, For duzl copoblility for both reccnnaisconce and attack modes, 1t
may be desirable to have 2 capebility of assenbling the reactor into a

small nuclezar e:plosien.

2/ Early thinzing on this subjlect was given in a Sandia Corporatiom
Technical Moxmorandum SC04 285 58(51) (R. W. Shephard)

Aprendix "C"
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Summerting Eculrpment

2. A homing sonar with large dlameter transducer operating at low
frequency, say 7 ke, capable of distingulshing submarines and othefrenemy

submersibles.

b. A sensing device, if needed, with high power to distinguish
subnarines or other unfriendly submersibles from maripe life and

possible decoys.

c. A cemputer (or control system) to:

(1) Esecute horing and disengagezent.

(2) Respond to "dcn't home on me” coded signals from friendly
vessels and submarines.

(3) Make fusing decisioms for attack mode.

{4) Collect dota 2nd transmit messages for reconnaissance mode,
and to execute required navigztion for performing such transmission.

(5) Execute navigaticn slong predetermined sweep paths, cr
tarzet zpuroach paths when used against skore installaticns.

(6} Respond to cczzond centrol sigpals from control staticms,

4. A navigation device to execute sweep paths or predeterained
¢ ourses, except vhen interrupted ty homing cperatiocns, with capability

of resuming sweep whea homing is disengaged.
¢. Sulteble transmitters and receivers.

f. Appropriate fus.nz and safing devices for attack mode.
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g+ A suitzble self-destruct device.

h. A generator, izpelled by movement of the torpedo, and electricfty

storage for needed electric power.

Operation : Ai;-
The écntrol of sweep poaths and receipt of messages in the'reconnaig;.
sance mode may be executed from shore bases or marine pickets, suitabl}
located to provide a marine shield ebout U. S. continental shores or to |
intercepst exit from unfriendl& éhore installations. Such locations nsy-
be widely se;zrated, because the reactor hydrojet may presunably operate

for long rericds of time without service or replacezents.

3efore actuzl outbreax of hostilities it 1s probzbly essential to
use the vellcle only in tke reconnaissance oode. Here several alterna-

tives ore appareatly avallable. Two of these zlternatives core:

a. Wken 2 submarire is detected and homed upon, RAUCRATES may
troepsnit o warning of the presence of the submarine and ccotinue ugon

its sweep rath.

b. Cr, the reconnaissance torpede may continue to tail the

subcarine with intermittent transaission of warning messzges.

During pericds of high ris:, before hosfilities, subzarine
aporoaches to our chores for delivery of IRBM's may be declered restricted

ocenn zreas, znd then the warhead option may be put into effect with U. S.
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submcrines protecled by “don't home on me” signals. Shore-based and

marine-staticred missiles and airborne weapons may be used, alternately,

to mnke Lhe attack.

Tae hazards of malfunction assoziated with the warhead option may
be minimized by using the system in the reconnaissance modes during the_
early stages of development and operation. But it may be advisable, -

” eventually, to introduce the warhead option.

The reccnnaissance vehicle may be integrated with long-range
listening operations, if the latter are effectively available. Then
HAUCRATES o2y be sent over long distances froz listening stations to
suszected targets at speeds 5-10 times greater than other vessels or
subzcrines {excepting hydrofoil surface craft), with cepsbilities of
investigziing potential submerged targets not available by alrcraft
or surface ships. Airlifting to search area may be performed, i1f
needed. In elther case, the search torpedo may be progrormsd or
ccxmand signaled to retumn to tase, 1if sezrch fails to yleld a targzet.
If & target is located, it may be attacked by the search weapon, air-

craft, or by shore-cr rarine-based missiles.

Randcm movement about predeteirmined mean sweep paths may be
efficient, end even unavoidable due to the existence of marine life
not distinguishable ac false targets in the early stages of a homing
operaticn. If conctant bearing navigation is used, the possible in-
creased dispersion of the search torpedoes at the end of the sweep path
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will have to be acccmmodated by some dispersal of pickets and use of
command signals. Inertlal pavigation, preprogrammed, may possibly be
used, since the environzent and response times required seem comn- i
surate with existing or near future tochnology. Randem movementa may

be superposed on the inert:ial navigation during the search operation.

An employment of NAUCRATES in regular, defensive shield-like

reconnaissance sweep paths over long distances is pro‘bably desirable,

but the exact patterns which may be most efficient need detalled atudy

Internittent high-speed cruising and low-speed listening may and, per-
baps, must be used io secure for the search torpedo a substantial ra.dd.uﬁ
of detection. Scnar search presents new problems at high speeds, par-
ﬁicula.ﬂy if the vehicle is traveling essentially in a bubble. If
extensive enemy submarine action is clearly indicated, large nuzbers

ef search to}pedoes ; preferably with warhead option, may be used to

sweep ocean approaches.

Haval task forces, including PCLARIS-armed submarines, might obtain
long-range defense againct attzoeking anti-submarine submarines armed
with missiles, by deployzent of !TAIERA'ES ir spiral seerch patterns,
and by sending th:.a against possible targets ldeatified vy long-range
listening devices. In both cases it may be desirable to use the attack
option eof the rsuonncissance vehicle. Also, NAUCRATES may be deployed
to sweip nine 7.elds, 1f the boming and sensing devices are sdapted to
this kind -~ attack.
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As 1 last thought: it may be possible to use such a reconnaiasanée_

torpedo to chart the ocean floors, if suitably instrumented and suf-

ficien.ly accurate inerttal devices are available to determine the exact

location of sweep paths made.

Significent Parameters

A very rough calculation of system effectiveness will serve to

indicate significant perameters and provide a-simplified basis 'for

Judging the worth of the system.

Consider a sweep between two points, A and B, separated by a dis-
tance d, gs indicated In Figure 1, end confine the calculation to a

plane configuration.

Assume that the enemy subzarine follows the strategy of crossing

5
the lock=-on radius of the torpedc homing device; treat Rs a3 a sure

the sweep path at right angles with uniform velocity V_. Let RS dencte
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muber (i.c., not as 8 rendon varisble) and assume kill 1s made if the

submarine is caught within a distance RS of the sweep torpedo.

The subset of points on the line AB for location of the torpedo o

vhere kill can te made is arproximately the segment CO  where

2R =
T " -v——s T

and the torpedo and submarine are taken to be moving ia the direct.io.n" ’
indicated. This subset of points remsins the same, if the direction of |

detection is restricted to the forward semi-circle.

Then, if, at the time the subzarine starts to cross the sweep path
at a distance RS froo the path, the pcsitions of the torpedo on its
sweepy path are egui-likely, the survival probability of the submarine

is approxicately

3 TExactly, to the cez=ent CO muct be added a lins segment to the right
of O, starting at O end ¢f length

, 2
"y v
T . T
X = Rs ' ; 1- T \
. '.‘ [ s '
: , Appendix "C"
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For N such ercssings, taken independently, the over-all kill probability -

RK approxtimately satisfies:

r— —
: 2
§ 2R v
(1- PK) « 'l - s - T ,
a Vg

Solve this equation for N to get approximately:

log (1 - B) o
R T
2R Vv T
log l - S . T ]‘
v '
d s

If the torpedo can travel 5 tizes as f2st as tlLe enemy submarine (i.e.,

v
T

7 = 5}, R_*= 5 npautical miles, d = 150C nautical miles, and systec

5
s
effectiveness is set at PK = 0.9, the required nunmber of search torpedces

is
H =« _log (0.1) = 1 s 68
log (0.90 0.015%

For a sweep distance c¢f 30CC nz2utical miles the nuzber required is

Nn= 108 (0'1) = 1 = 110.
log (0.98) 0.009

If the lock-on radius of the torpedo hczing device can be increased to
10 nautical miles, or the torpedo can travel 10 times as fast as the

v
submarine (i.e., Rs or T are doubled), the nuzber of torpedoes re-

. 3
quired for 1500 and 3000 nauticel mile sweeps are 33 and 68 respectively.
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Thic simpie (very rough) calculation illustrates the significance ahd
approximate role of some of the system parameters. Relative velocity of
torpede and target submarine is important. The number of search tor-
pedoes required Iis almost inversely proporticnal to v_'r,' also, approxi-‘-
rately inversely proporticnal to ;§ . (Iatultion sugzgsts that system
effectiveness depends upon I, VT’
serves to indicate the nature of this dependence and to give appro:d.ma‘te

V., d and Rs.) The foregoing calculation

values cf ¥ for various values c¢f some of the obvicus compcoent perfom:_

ances end operational paraceters.

The numbers 68/33 and 110/68, for numbers of torpedoes required to
kill 9 out of 10 attacking subzarines, taken alcne, do not provide come-
parative interpretations, excent perhaps to indicate that an effective

defense seems possible, assuxning, of course, that components can be

designed to opera.'te reliably with the performances presumed by the values
taken for Rs, VT, and Vs. More will be said, later, about component

. perforzances and the related recearch and development problems.

Hovwever, more understanding of the potential of ITAUCRATES can be

cbtained by comparison with conceivable alternative defense systems

exzressed In compa:able simple terms.

Suppose that the dafense agé.inst submarines is to be obtained by
nlecing stationory, atomic mines along the sweep path, which have the
progerty thaf, if a submarine approaches within a distance Rs to a aine,

the presence of the subperine is detected and distinguished from other
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objecte, the mine {s detonated and has a nuclear yield sufficlent to
destroy the submerine. Then for a kill probability of 0.9 and for R8
equal to 5 2nd 10 nautical miles, the approximate atomic ylelds required
for the aines are 1.2 MI and 5.5 T respectively, while the yield needed
for NAUCTATES, if used in en attack mode, would be in the very low
kilcton rsnge. The number of mines needed for defense lines of length

d = 1500 and 4 = 3000 nautical miles are 135/63 and 270/136 respectiveiy,
correszending to an RS of 5/10 nautical miles. In these terms the_ssé;;?;;.
tcrpedo compares very favorably. For the purely reccnnaissance mode;”
this compariscn may still be valid, and even more favorable, if the
pesitive detecticn radius of stationzary posts is not greater than the
homing detection rodius of the search tcrpedo - which is likely, because
the homing operation involves en integration of information. Also, fixed

rosts may be pore vulrerable to destruction.

Consider stiil snother comparisca, by supposing that submarines are
posted urderwater in fixed positions on tkhe defense line, and equipped
with a missile which can be Tired out of the water aleng a ballistic air
path to an underwsater target at remcte distance (e.g., sub-roc). If
the effectiive target locaticn range is Rs nautical miles, giving the
lerger defensive submarire vehicle the benefit of sufficiently accurate
target identification and location at the homing range of NAUWCRAICS, and,
search torpedo, the rumber of stationary picket submarines required for
2 kill probability of 0.9 is the same as thet for the mines. Again,
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the nuclezr.povered, hydrojet, search torpedo compares favorably, even if
the effective target location range of the defensive submarine is taken
as 2 Rs, becauce the grecter speed cf the torpedo makes it potentially

a better reconnaissance vehizle.

None of the foregcing comparisons adequately establish the system
effectiveness of NAUWCRATES, but they do suggest that it is worthwhiie '_
to undertake a detailed analysis of the system, by extending the con-

sideraticn of relevant parameters, defining both performance of caﬁ;f‘ i"
ponents and operatlonal characteristics. Also, integration of the o
wearon with friendly submarines deployed as defense centers should be
considered. Then the desirability, directions and extent of research

and developnent cn nuclear hydrojet, homing and sensing devices, com-

puters and navigetion equiprent can be evaluated.

Suggestions for Further System Study

The foregoing simple calculations were mede for only cme use of
the proposed weapon {i.e., sweep along a defensive line) on a highlye
idealized basis, assuming that the probabilities of survivel acfoss
each of thke N paths were independent. A more realistic calculaticn
of systen effectiveness is desirable, considering the various con-
testing sirategies of submarine penetration and countermeasures,
patterns of sweep paths ard relative locations of torpedces on the
paths, with proper accounting made of operational difficulties. Also,
it is essential that comparisons be made with existing and alternative

systems.
Y - 112 - _ Appendix "C"
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For examﬁle, the enemy submarine may listen for the torpedo (undoubtedly
it will be noisy), decoy it to search away from its location, and proceed
to attempt penetration across the defended area, which may put addi£1ona;I;
requirements upon the detection and sensing equipment of the torpedo -';r,m
it may be necessary to deploy the search weapon from defensive aubmarines

or shore bases equipped with long-range listening devices, and program

the torpedo to search in a epecified area.

The peacetire reconnaissance role of the system merits detatled study
ond evaluaticn as to logistic complexity (for glven effectiveness) in
comparison witk cther systems. Does the proposed systen provide a basis-
for constant defensive readiness which cannot be provided by present and
rroposed equipnent, by seeking out and tracking submarines for long periods
of tipre? What is the valne of an extensive recornnaissance system, vhich

itself may furnlsh striking power to the defense?

There will, undoubtedly, be interactions between the parameters

ﬁescribed in the previous section. For example, range of detection may
.decrease with torpedo velocity. Such interactions should be intrcduced
into a study of contesting submerine and torpedo strategies, so that
evaluation may be made of the desired degree of increasing componeat
rerforzonees. What advantages are cobtained from higher and higher

torpedo velocities?

Appendix "C"
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Suggestions for Research

Regordlesa of the merits of the proposed reconnaissance and anti-

submarine defense system, certain areas of research are indicated, which

- - - -

seem worthwhile on general grounds.
8. Design of Nuclear Reactor Oydrojet Motor
Sozething like 15 pegawatts of thermal energy will be required

for speeds greater than 100 knots. It appears that about SO liters of

resctor volume will provide this power. o
Cansiderable research on the design of the reactor power plﬁnttj
aprears to be desirable. For the usce intended, shielding is not '
essential. But high powers and long running times are peeded. Studies
on corrcsion of reactor elecents are required, particularly at the high
ruaning temperaturs which mey be encountered. How can the salts of the
sea be kept from deposition on the reactor elements until exmitted from
the Jet nozzle? Can sufficient pover be obtained in a reasonsble size
to drive tke torpedo at 200 knots - the answer to this qyeétion appears
to be yes, but corrotorating research is neec 1. In view df the tre-
sendous advances in reliable, compeoct, long-range propulsion systems,
emphasized ty the recent dramatic NAUTILUS trip, it seems eppropriate
to initiate work ¢n zn untracompact resctor of the type needed for

JAUZRATES DUTICR.

b. EHydrodynamic Control
At speeds better than 100 knots, the degree of cavitaticn will
be such that the torpedo may.be larzely traveling in a bubble. What
- 11k - Appendix "C"
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shzapes may be used %o minimize the control problems? Can Jjets be used?
How are suitable contrel surfaces obtained? These questions suggest

extenslve hydrodynamic studies for very fost traveling submerged bodies.

g. Flow Noise - _
At the speeds contemplated, the dominant nolse asppears to be
flow noise. Research on the flow noise assoclated with very fast travel-

ing submerged shepes is needed. What are the characteristic levels and .

frequencies? Aiso, 5ince the torpedo may be almost a fully cavitating

oody, what are the noise characteristics associated with this cavitation?

d. Eoming Mechanisx
If scnar is ccmtemplated for the heaing device, which seems

likgly, many problems arise. What vibrations are imparted to the trans-
ducer? Caﬁ it operate in the presence.or the flov and cavitation noises
assoclated with very fast traveling torpedoes? Must there be frequent
short intervals of low-szeed listening? Are the variations of flow and
cavitaticn noises sufficiently randca to be integrated out of the return
signals received by the homing scnar? What size of transducer is peeded
to glve desired homing ranges? Hone of these problems appear to be in-
surmountable, but extensive research is needed for their solution, and
these studies should ve closely integrated with those suggested in b.

and c. above,

¢. HNavigation
The response times rcquired appear to fall within the current
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and near future state of the arts on inertial devices, particularly if

the speed of the torpedo is decreased during the homing operation.

f. Computer

Considerable research is indicated for the computer control ]
system. The exoct characteristics will depend upon the operatiocns to
" be performed, and the possible functioning of this system has been
indicated above in the section on supporting equipment. The effects
of the radiation field of the reactor on the computer cimpcnents need
to be studied.

In all of these research areas some work has been done, with
tke exception, perhaps, of the computer. BPBut the research effort
eppears to need considerable extension. The Ordnance Research Labora-
tory znd the Underwater Scund laboratory of the Ravy are doing research
on Flow lHoise and Homing Scnars. Areojet khas done work on chemical
hydrojet for the Havy. 3But these efforts need considerable extension
to meet thz performances proposed for NAUCRATES. Oak Ridge bas done
considerable work on small reactors, but not related to salt water
hydroJets. The writer is not aware of any research being done cn the
computer or the hydrodynamic control prbblems of almost fully cavitating
bodies.

It 15 suggested that existing Naval contractors and facilities
be supperted in extending their work to cover the research areas in-
dicated above. 0Ook Ridge may be asked to do work on the reactor.
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Secific Recommendaticn:

The most advznced thinking at AEC npational laboratories and elsewhem
on ultracampact reactors should be sought out by the appropriate a.gency
and used to make preliminary ccnceptual design studies of a 100-knot to e
250~-knot hydrolet torpedo, with a view to early initiaticn of rurther -
appropriate supporting research and evaluation of a weapons system 'b‘.:.ilt

on such torpedoes, for an antisubmarine shield about the U. S. and for _

g ERATA M s damie s R RN ¥ — el w7 =

other military purposes.

Ropnald ¥. Shephard
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D. PARTICIPATION IN PROJECT 137

D-l. MEMEERSHIP OF PROJECT 137

Robert Charpie, Associate Director, Osk Ridge lationsl Laboratory,
Oak Ridge, Tennessee

N. Christofilos, Group Leader, Radiation Laboratory, University
of California, Livermore, Calif.

. Val Fitch, Assistant Professor of Physics, Princeton University,

Princeton, New Jersey

Glen Fowler, Director of Research, Sandia Corperation
~ Albuguerque, New Mexico

Paul Garabedian, Professor of Mathematics, Stanford Unlversi'r.y,
Stanford, California (kindly re-
leased for the time of this study
by tke Office of Naval Research,
London Branch, with which he is
at present servirg on leave from
Stazford)

l'arvin Goldberger, Professor of Physics, Princeton University,
Princeton, Ilew Jersey

Rotert Joyce, Associate Directnr, Central Research Departrent
Laboratory, Experimental Station,
E. I. du Pont de Nemours and Co.,
ilmington, Delaware

P. Gerald Kruger, Professcr of Phycics, University of Illinois,
Urbana, Illinois

Thozas Lauritsen, Professor of Physics, California Institute of
Techrology, Pasadera, Celifornia

. Carl 5. Marvel, Professor of Cheristry, University of Illinois, ..

Urtana, Illincis

Nicholas Metropolis, Professor of Mathematics, Institute for
Computer Research, Unlversity of
Chicago, Chicego, Illinois

Oskar lMorgenstern, Professor of Economics, Princeton University,
Princeton, New Jersey
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. Isidor Perlman, Professor of Chemiatry, University of California, h

Berkeley, California

Frederick Reines, Group Leader, Los Alazos Scientific Labomtory,
Los Alemos, New Mexico

Fonald Shepherd, Professor of Statistico, University of Califomia, ‘
Berkeley, California _

Marvin Stern, Assistant to the Vice Pregident, General Dynamics

Corp., W45 Park Avenue, New York, N.¥.

Sermiel Trieman, Associate Professor of Physics, Princeton
University, Princeton, New Jersey

Frederick Wall, Professor of Chemistry and Dean of the Graduate
School, University of Illirocis,
Urbtana, Illinois

Kennet: Watson, Professor of Physics, University of California,
Berkeley, California

. Jokn A, Wheeler, meessor of Physics, Princeton University,

Princeton, New Jersey

Eugene P. Wigner, Frofessor of Physics, Princeton University,
Princeton, New Jersey

Themas Ypsilantis, Professor of Physics, University of California,
Berkeley, Califoria

Participants from the Departzent of Defense
Picherd Veiss, Acting Chief Scientist, U. S. Army

Joachin Weyl, Chief Scientist, Office of Naval Research

. Taylor Drysdale, Division of Advarced Planning, U. S. Air Force

Orr Pe:fnold.s Offica of the Assistant Secretary for Research
' and Engineering
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D-2. BRIEFINGS

The following list 1s based upon the edvance program plus minor
changes and therefore does not reflect all of the last minute changes
made in the program nor list all who participated, especially those
who helped by way of special visits and providing specisl data.

14 July OPENITIG SESSION

Remarks by Mr. Roy Johnson, Director, ARPA; Ma). Gen. James McCormack,
IDA; Dr. Albert G. Hill, WSEG; and Prof. John A. Wheeler, Princeton.

Key Defense Problems . RAdm J. T. Hayward, ACNO (R&D)

ARTISURMARINE WARFARE

RAdm 2. E. Weakley, ASW

USH Operational Czpabilities

in ASW neauiness

Task Force Alfa Operations - RAGn J. S. Thach, Cormander TFA
ASW RXD - Cdr C. E. Bishop, CHR

Propose¢d Approach to ASH - Prof. F '. Hunt, Harvard

(alsc VAdm A. G. Cooper,
VAd= F. 1. Watkins, Dr.
Paul Siple Cept Rchard

Holden)
15 Jut-r
ATPA Progran - Dr. Herbert York, AFFA
Problems of !Nationa] Defence - Dr. A. G. Hill, WSEG
Issues Focing Army RXD - Dr. Willian H. Martin, OSA R2D

HoW CANT MASSIVE QUANITITIES OF FUEL BE PROVIDED FOR FIELD USE

rfuture Army Organization and - t. Col. W. K. Benzett, ODCS,

Requirenent for Army

Superior Cnergy Sourcec - Col, 0. VW, Clark, Chief of ORD
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16 July

Major Issues Facing Air Force - Mr, Richard Horner, SAFID

R%D

Warning and Response - Maj. Gen. J. H. Walsh, USAF, o
Asst. Chief of Steff for
Intelligence

BALLISTIC MISSILE ATD ADVAICED PROBLIMS

Urgent Ballistic Missiles and - Col. Edvard Hall, AF B Div.
Advanced Problems C

17 July

£r Defense in an Electronics - Cdr John G. Fisher, WSEG
Countermeasures Environment

iuelear Icebrecler - Dr. Allen Vine, Woods Hole Lab.

 SUBHARTIE COM2U TICATTON

POLAYS Communication Fretlexm - Capt. J. D. Veazey, SP Project
VA/SSK Communication anid - Capt. R. C. Lyrch, Cmdr.
Identification SD Group 2

12 Julw ARRY CORAT SURVEILLANCE Al'D CCLEHICATICNS

Ay Commnieations erd Target - Col. George Wertz, USACSA
scquizition

Critical Pequiresments, World-wide - ¥r. Clifford D. lMay, SIG
Comwmrizations

Cozrmunications i a Moblle Army - Mr. H. Parner

Application of ileural Processes - Dr. D. McK. Rioch, Walter Reed

t2 Commmnications
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21 July MEN TIi BATTLE

Battlefi=)ld Surveillance and - Lt. Gen., Arthur G. Trudeau,
Other Urgent Problems CRDUSA
Experiuenrtal Development of - Brig. Gen. Gi%b, CDEC

Tactics and Doctrine

Cocbat Simulation, War Gaming Dr. Phillip Lowry, CRO

Humon Tactors - Dr. Lynn E. Baker, OCRD

22 July

Urgent Frobleas of Army Basic - Dr. Ellis Sohnson, ORO
zcearch

IIEd FOSMS OF WARFARE

Cd and W Uses - Ma). Gen. W. 4, Creasy, CWS
Psychecheniczl Azeants and - Dr. Silver, TW Laboratories
JAntildotes

Specsial Davices - Dr. Iten Prowvring gnd Dr. David

. Willlams, Sandia Corporation

=5 Jul DEFEIISE

Inrdeniry; Sustzined Cape- | - Dr. Jeroa2a Kann, Pand Corp. (with

Tilitdaz; Docuperation Dr. A. J. Clary, Dr. L. D. Berkovitc
ani Dr. E. Roven)

Trrent Tniolved Protler: of - Dr. Lauritzcs Taylor, Haticmal

2Ivilizn Cefence Acadeny of Sciences Comittee on

Civilian Defense {with Dr. Richard
Park and Dr. Skes Kruegsl)

15 Negearch Adequate ik ilon- - Mr. Gerhardt Fleiken, ITASCCD ard
wilitary Defanca2? ' chn Hancock Mutual Life Incurance
Cormpany
o Tul [CPA PROFLZAS
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