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possible, as firs' sug_.sted by J. Pasta, to concelve of a computer-;i¥h
a fairly large number of arithmetical units, say a few hundred, if not
a few thousand. Such capabilities must alter our traditional appreoaches
to solutions of numerical problems, especially in the field of partial

differential equations.

b. For many app*i-ations of Monte .-rlp=-type problems, the structure
of zrithmcil: walts ls not very efficient. I~ —ost applicationa 10 to
12 bits i cusber wsacliy suffice.. o . .2 ) bits t'at -re usually

available ar< quite unnecessary.

¢. Faster and more complex computers are being designed to extend
the range of tractable problems. For ncne of the computers being com-
mercially produced has the question been raised of the significance; i.e.,
ounber of meaningful bits, in the answer or answvers. One may imagine
that an ac e table pr:...dur -..-t be to describe a numter, not cnly
as 8 - .ct.on and an ~s8crinte | .xponent, but with an “index of sig-
nirican-e‘. This brute fcrce approach clearly involves more hardware
an. .. ntrol cozmplizations, 1f not some sacrifice in spezed. Even 80,
it n- " c.ozpletely clear vhat the appropriate rules should be. Some

§:3g ation: have already be:<n made, but more study is necessary.

General Rgcommendatioq

It is stronily recomm nded that & grouy be fcrmed to study these
robles and work cut a iasically new attack cn them. It is necessary
t "t grou~ ia: 'u'e not ocly mathematicians and engineers, but

Appeadix "A"
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PROJECT 1

IDENTIFICATION OF CERVAIN CURRENT DEFENSE
PROBLEMS AND POSSIBLE MEANS OF SOLUTION

SUMMARY AND RECOMMENDATIONS

Introduction

On July 8, 1958, the Advanced Research Projects Agencf, with the
approval of the Secretary of Defense, asked the Institute for Defense
Analyses to eet up a Study Work Group, Project 137, ". . . to 1déntir& .
problems not novw recelving adequate attention vhere science can con-
tribute vitally to pational security and to recommend agreed technical,
and perhaps organizationsl, means for the solution of these problems.”
Twenty-three scientists took part in the work of the group during thﬁ
three-weekx period, July lith - August 24. Through the active coopera-
tico 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 problexms gelected for their urgency. As s result of
these presentations and their own discussions and calculatioms, the
members of Project 137 make the following recommendatioms: (U)

A. AREAS ONLY SLIGETLY DEVELCPED IR COMPARISON TO
THEIR CORCE1VABLE AFPLICATIONS TO DEFENSE

A-1. Chemical Sensing

Techniques exist to detect and 4dentify specific substances at a
distanze with fantastic 3ensitivity. These techniques can be greatly

improved. Irportant military applicatisns can be visualized,
-1 -
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such as determining types and nunmbera of machines in the vicihitj,~ rncw
types of fuels in use, human concentrations, and getting gdvaﬁ‘ce varn-
ing of CW and BW attack. An intensive survey of the field should be
made, Assuming that it confirms the promise as nov seen, reccmmenda-
tions should be made for research within existing government labora-
tories and for contracts to universities and research foundations. As
promising leade develop, a more concerted effort .ahould de made to

bring them into practical application by agencies yet to be defined. (8)

A-2. Information Transmission by Chemical Sensing

Coded puffs of radisactivity or chemicals emitted into the atmos-
Phere by & "tranamitter" and detected by a "reneiver” offer means (1)
to transmit coled messages that are cbliterated beyond specified dis-
tances and (2) to gain nev information about micrometeorology. Both
applications should be given attention by the person or agenecy that

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

A-3. Fuel

Fuel and the fuel supply line interpose massive obstacles against
the high mobility demanded by nuclear varfare, and give powverful moti-
vatica to produce fuel on the spot. The ultimate system -- not feasible
today -- would use small sxbile muclear reactors to generate fuel from
air or water, or regenerate a deactivated fuel, for driving the vehicles
in the vicinity. Such a aystem 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 amall mobile nuclear reactors suitable to generate hydro-
gen from water or regenerate deactivated electrochemical fuels, (2)

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

"(3) work tovards conceptual design and evaluation of a regenerative- 
electrochemical fuel or other advanced fuel system by stimulatins."
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
vhatever steps are needed in the vay of con:efences, vork-study groups,

arrangements with government laboratories and outside contracta. (S)

A-l4, Transmission of Energy through Space

Some encouraging work has been done on lectromagnetic 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 another of these approaches vill have a vital
application euch as: supply of pover to forward combat locations;
operation of drones for reconnaissance or for brute blocking of ballistie

misgiles; or destruction of targets on the greund or in the air. (5)

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

-3- IDA-ARPA 8-1
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pioneering character -- and steps should be taken to support such vork

and capitalize on it.

A-5. Atomic Collision Cross Sections .

Intensive AEC support of nuclear cross-section measurements has
given for atomic nuelei a wealth of data essential for design of nuclear
devices. Bo amilar wvealth of reacticn cross-section data is available
for the much older rielc.l of atomic and nuclear physics despite its much
wider field of application: to communications 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 egency sponsor a program for the study of atomic ecollision

eross sections. {U)

A-6. Matter under Exceedingly High Pressure

Recent work discloses that some non-metals take on metallic char-
axteristics at ultra high pressures. Purther forwvard-looking work in
this field may open a whole nev realm of solid state physics and physical
chemistry, with conceivable applications to new types of ﬁigh energy

fuel compounds, and is therefore worthy of support by an appropriate

ageacy. (V)

A-T. Intense Mognetic Fields

There 15 evidence of substantial Russian activity in the area of

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

- b - IDA-ARPA S-1
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this will have important scientific and techaoclogleal consegquencas.
A symposium on this topic ghould be arranged scon in order to enlarge
the very small number of scientists in the Western world active in

this area. (8)

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

A military action is under way. Informatior comes in of many
kinds and of quite variable reliability. HNeither in this instance
nor in general does any electronic computer, present or planned, know
how "intelligently” to formulate significant concepts and conclusions
out of a massive volume of informatiocn, 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 construction 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 applicatiovs. (S)

A-G. ARPA and the Socisl Sciences

The development of more and more weapons systems 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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scientists should be drought into defense problems much more than is
now the case, Progress could de made in this direction dy selecting
for ARPA support certain fields already recommended as highly important
by the Subcommittee on Social Sciences and by the Ad Hoe Advisory

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

Secretary of Defense for Research and Engineering. (U)

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

Differences not only in pclitical ideology but also in the
physical, economic and sceial setup distinguish the U.S. 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, 'bir imposing a heavy economic strain in par-
ticularly vulnerable areas or exploiting the long winters in Russia.
There 1s strong reason to believe that a systematie exploration of
this area could yleld surprising new ideas. It 18 recommended that

an appropriate agency sponsor a vork-study group in this field. (8)

B. ERVIRORMENT ARAL{SIS

B-1. The Physical Epvirorment of Military Operatioms

All weapons systems depend on the physical eavironment in which
they are to be used. It is pot sufficient to kmow tke veapon alone,
it is neceséary to broaden and deespen our knowledge of the respective

eavirorment. This is particulerly true regardirg space, the oceans,
-6 - IDA-ARPA §-1
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and radiological fallout. We know too little about the upper atzosphere
and sbout propagation aof =lectromaguetic 1adiation in space. Many '
veapons systems uncer discussion now deperd vitally on an increase of
ocur knowledge of these matters. Similar observations arply to the
oceans, the ocean flocrs, and meteorology internal to the ocesn. The
instrumentation for fallout in the haads of the Army and Civil Defense
is ipadequate and 80 13 the Xrowledge of the common man about bBow to
use it. ARPA is5 urged to pay great atte:ntion to this vhole complex

of gquestions. For this purpose ARFA might well ecopsider sponsoring

many of the functions of the IGY. (5)

B-2. Radiological Mapping ard Comdat Survzillarce

In future conflic:a tattlefields will have to te surveyed not
only optically, bui radiolegically. Hh;;e‘systems are proposed for
this purpose, they are toc complicated and do oot give information to
the local commander of small umits. I ia possible to intrcduce fairly
crude, dut cheap and sicple instruments with whick even plstoon or
company commanders can dgtermine radiatics levels and thereby guide
their men safely. Streng emprasis shewid ta given in current Planning
to radiological mappirg ard combat surveillamce. {s)

B-3. Statistical Data *o Flan Fallout Assoziat=d with Use of Atomie
Weapons by Army G:ournd Forces

Eow to lay Jown tomorzow a desired cavvern of fallout is inm-
portant for an arza commander Ju3t &5 it is important for local cem-

manders to know how to lead their trocps sal2ly through today's
-7 - 1IDA-ARPA S5-1



SEnGeitnily

battlefield radicactivity. An appropriste asgency should sponsor research
en:

a. The statistical variaticns of winds -- in time, distance,
and altitude -- about the values indicated on the kind of measuring
equirment that will be used in the field; and on the correlations among
such varistions; . ‘

b. The planning of measurszments for this purpose; and

€. How to use the results to tell vhat the military commander

cen do relimbly sbout securing a desired fallout pattern. (S)

B-L. A Radiation Detector for Fisld Use

A simple method 18 reccmmended for quick conversion of field radios
to superimpose occasiopal Geliger ccunter clicks on the normal receiver
8signal so that compary coumanders and possibly platoon commapders will
be immediately and mutomatically warneld of a dangerous increase in

radiation level. (C)

B-5. Military Geophysics

The Department of Defense has a vital .stake in meteorology and
other fields of military gecphysics. Teconiques to prediet in combat
zones like Korea vhether the second vailey over is fogbound or will
be fogbound in four hours would charges the outcome of engagements.
The present unsatisfactory state of military meteorology is a reflec-
tion of the retarded and narrov scope of unclassifield msteorclogical
research. An appropriate existing agency should consult with Lloyd

Berkner, apd others closely associated with advanced thinking in this
-8 -
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field, to determine wvhat should be done to pmt_h_tet an order of magnituds
improvement in the present level of forward-looking research in this

field and in the amourt of young talent attracted to 1t. (C)

B-6. Detection of Submaripes through Burface Effects

Besides the efforts to datect ships and submarines acouatically,
electromagnetically, ard chemically, more attention should dbe given
to the mechanical disturbance of the wvater by the propeller action.
These disturbances persist for a long time acd it should be posaible
to measure them by suitable instruments. Even deeply-submerged Isub-
marines may produce measuratle diffusion of "vhorla"™ to the water v
surface. Studies of the mechanical properties of the sea nov in progress

ghould be closely watched ard ARPA skould be prepared to lend further

support. (S)

C. PROJECTS AND APPLICATIORS

C-1. Ballocrn Attacks and Other Non-conventional Wespons

Very high-flying ballocns, carryirg megaten weapons, could de
used by Russia against this country. They could bte released ir
Siberia or by submarines cc tte Pacific, their tombds fuzed vith
infrared to go off over our cities. Even vhez skot down (difficult
and expensive), the weapon can be get to go off at any chosen alti-
tude. This ip the Japanese ballcon scheme of World War II with e
vengeance. It 1s easier for Russia to use it against us than vice versa.

-9 - IDA-ARPA 8-1
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It ip an i{llustration for the posaibility of non-conventional useQ of
existing veapone, a much neglected field. Satotage, clandestine opera-
tions against SAC, and other pcesibilities beloog in this area which
shuuld be quickly and most thoroughly explored with all the aid science
can offer, through work-study groups and other effective means. (S)

C-2. Development of Breeder Reactors

The tremendous demards for nuclear power make it necessary for us
to learn how to burn all rav materials: not orly U-235, but also U-238
and Th-232. The development of breeder reactors, especially for manu-
facture in large mumbers, is exceedingly difficult. " Rot enough energy
18 being devoted to this prodlem. The importance of puclear reactors
for the long term future of thte fuel iogistics problem (A-3) requires
that a much greater effort be mads to davslcp treedars based on both

uranium and thorium. (S)

C-3. Undersea Beacons

The great cesd for commurication from dsep-lying POLARIS submarines
to the conticental U.S. can possitly te f1lled by undersea kigh-pover,
unattended acoustic beacone. The subtmarice would communicate to the
beacon at lov intensity, rt.r.-e-r.-;'oy pregrazming and triggering a high-
inténsity output from the teacor. Unlersea beacons could alsoc dbe used
for navigational purposes, by sutmarines or surface vessels. The
beacons can be powered ty tharmal energy derived from fission products
such as Ce-144 now availatle in sufficient quantities in the Hanford

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

use. (C)

C-4. NAUCRATES DUCTOR, r Very Bigh-Speed Eydrojet Torpedo

A high prodability to kill epnemy submarines would be provided by
a number of ouclear-powered torpedoes covering selected sveep paths at
high speeds, equipped with sonar search, homing, and other devices.
For this reason, it is recommended that an appropriate 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 wview to early lnitiation
of further supporting investigations and evaluation ¢f & weapons system
built on such torpedoes, for an sntisubmarine ghield about the U.S. and

for otker military purposes. (S)

-1 - IDA-ARPA S-1



D. Continuing Tdeatification of Hmrumt Nev Problems

The rapidity of scientific advance and the dangers of the present
international situation demand a decisively new mechbanimm to promote
contact betveen the Department =f Defense and the scieptific cammunity.
A pinimm response to this need is a program or work-stuldy groups 7
like Project 137 at regular intervals, to identify unappreciated and
izportant applications of science; and other more specislized ahox'-'t;:
term groups to exploit the poasibilities of specified areas of sclence.
For this pu.:"poe it ia recomxended that ARPA set up & Center for e
Defense Research Work-Study Groups. It 1s also suggested that AEPA
consider hov far it 3ight te reasapadle to encourage such a Center
t0 evolve towards ap Advanced Security Research Institute, vhere
scientists might go on leave of absence from universities, industry
and the DOD ladorstories together witn operational military personnel
from the DOD in an atmosphers of study to contridute imagiratively
to pational strength in s free rangicg masmer without comitting
themselves in advazce to acy specific kind of project, after the

pattern of the Iustitute for Advenced Study lossted at Prinzeton, Nev

Jersey. (U)

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

The Advanced Research Projects Agency came into existence by
Directive 5105.15 of the Department of Defense, issued 1nAaccordahéé"
with Public Law 35-325(-7) of 12 Febmary 1953, with two missions:

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

the Sceretory of Defense such additional projects as are Judged

cdvisazble,

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

def2nce systenc and chemistry of propellants.

In accordoncz with the ceccné mission and with the spproval of
the Secrotary of Defense, ARP. on 3 July 1358 asked the Institute of
Detense inalyses $o set up 2 Worli-5 uly Sroup, Project 137, "to identify
problonz not nov receiving adaquate z'icntion vhere science can contri-
bute vizally to na*ional seeurity and to reccmuend appropriate technical,
and perhsps orgonizational, mezznc for the colution of these problems

and for the a2ontinuins fdentificaticn of impportant new problems.”

In anticipation of this farz=al arective IDA had sppointed a pro-
gron coznittee a few veeks earlier. Zesiaainz on 5 June this comittee
~ne Dr. Uortert Yorz, Directsr o7 -iac L4 ilvonend Decsearch Projeets

Diviciosn, cosendal jmvitoticn: S0 - ieleeted soup of wildely known
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scientists to participaote in this work for the three-week periocd ==

14 July - 2 August 1953.

The final group (Appendix D: inciuded the leader of the group
that detected the neutrino; associate directors of research of two
large corporations and of one majlor AEC national laboratory; an
expert in differential equations; anr aerodynamicist; the economist
vhose writings revoluticnized the concept of optimal strategy; leaders
in the chemical separation of plutonium, in physical chemistry, and '
in the developmen of antimalarial drugs; wcriers in advanced areas
of theoretical physics and elementary particle physies; the statisticien
who initieted the w'tra lightweight DAVY CROCKETIT atomic weapon; az=d
the leading expert on nuclear reactors, racenily presideat of the
Azerican Physical Society. All had praviously had contact with phases
of national defense. In addition to these 22 mexzbers froz outside
Wwoshington the group included four experienced mechers from the centers
of science-Cefense planiing of the threc 2rzed services ard from the
Office of the Assistant Secretary for Resezrch and Engineering. The
majority of the 25 participated for the fuli 3-week period. All

members were cleared for acces:c to Top Secret material.

The liatienzl War College, Fort lMcilair, Washington, D. C., housed
the work of Project 137: briefings in the morcings; discussions, study
of reportz, czleulations and writing in the aftermoons.
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lMore importunt to the.work of the group than uny other single lactor
were the outstanding presentations of urgent issues made to it by serious
and responsible men. It cannot be stresced too mich vhat a povérful
impetus it gave to Project 137 scientists to near from men who know and

]

care deeply about defense problens. : \
L]

To assist the program committee in focusing the efforts of fhe
group, the services made a first selection of issues, coming to & total
of 53. From these the program committee made o second tuch narrowver
selection for the final briefing program {Appeniix D). The total number
of probleas of deep concern to the services is obviously much more then
a single work-study group can reviev for unsprreciated applicationz of
Sciences in a single three-week period. Project 137 can, therefore, te
rezarded as a single sazple well drilled ints an enormizus and ever-growing
©il field. The output gives an accidental 232 rather hit-or-miss

neasur? of the much more still undergrouné. Great orazs went unexamined,'
The group vas regretful about the many cutstenliny precentations alrezi:
vorked up for Project 137 for which it vac i=peccibie to make ti=e ifn o (

»

Prozrz= properly proportioned betwzen heering il working, % .

Speckers with many other heavy burders accepted with good will the } :
cryptic advance advice, "Stimulate group to invert ideac and identify

issues important and challenging enoush to cerve as ruclel about whieh

,r(.
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subsequent scientific work ean concentynte. Commnlcate irntenae notiva-
tion obout impertant problems. Purpose zot to hecr all prodblems under
control, will be solved in chort %ime, crly rneed more money. Tell vwhat
causes responsible people sleepleas nights... (Seek) not 107 iﬁﬁ;évémen;s
on cxisting ideas but entirely new developments. Informal -- ruch opper-
tunity for interruption and diccussion. ...A briefing is a success if
the problem it posed is thereafter every afternoon the center of lntense

analysis by a knot of participants.”

Sowe presentatiors, at the reqﬁe:t of ¢he prozTan comittee, cone
centrated on military problems %o which technieal solutisac are desired
and others concentrated on technical work In progress or techaical probe
lems. The group wes impressed with the grest emownt of righ-quality work
fresently going on 2t nany servi.e loboratories wnd associated cgencies.
The izpression could not be escapec that -he dciant’fic com—anity repre-
sented by the Departzent of Defense na2s great abilt+y and 3 scope thet
faer tranceends the subject zmatter covera~» ol any university or any

industrizl laborstory.

Many members of Project 1.7 were drenl+ llsturhed ani others even
snocked oy the sravity of the protvless with “hich <hsy found thezselves
confronted. These men in muwiber constitutiny loss +hzn 175000 of
Merice's sclentific comrmunity hnve Lear stirmiiczei o latense activity
by whot they heard. The opinion iz unaninoes fthot trleflinz: of *his hiéh
c2liber -- plus back-znd-forta diceussion -- recoricl en film ond sound
track and replayed to carefully zelected groups Troi: nnivercities, indust
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ond Jufe.ce ane omusr wntdioral laboratories would 4o much to direct attern-
tion cnd productive output frem lias ursent lssue3 to problems more ixe

portoat for the patioznal security.

Under the izgpression of the protleoms presanted, aud from a study of
many of the documents made availchle in the 1it :ary, the group hes
developed & strong feeling for onl deep sppreciaticn of, the great crisis
with which the nation is faced. The group s¢rs+s the rapidly increasirg
danger into vhich we are irexorsbly heedinz., In our view the crisis shows

up io all fields: military, seientific, econoxic, and soclal.

Azcng issues in the defense picture, ths triefings pointed up the
followinz as being perticularly impor<ant:

2. The extraordinary technicazl 4iffjculties of 2etecting,
identifying and destroylng erecy sumsrine:. This gives addsd signifi-
cance to our own POLARIS system wh.ch, bowsver, to the group's cozcern,
is s5till beset with many problems cf 1t3 own 214 is Juidg»4d bty pany with
Whom the group talked %o be planred on too csmzll a scale.

b. The need for a jam-zroof world-ile militery cccinicatlions
system, cepable of issuing completely reliatle orders, perticulerly for
tvo-was underveter comunication.

&. The high degres of develcrment 1z Russien relder equipueat,
exceeding ours in several instances, as disclozed by the cbzervatlon:
of the Navy's "big dish" radio telescepe (onie of the moat promising

Anericen detection deviess),

<19 - TDA-ARPA S-1
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o Ty 1 oniemite a7 a2 dual capabllity of ¢he Army for nuelesr

and cavceniionil o vav, The tactieal =nd itratsgic Droblems of this two-
fold capbility nre ciz2arly vnsolvad. The logistic difficultles are also
not overcone. Those genercied by thac cnormous fuel demands and very
long pipelines ore the :oss ous: snling. The mobility of the Army 1z too
low for the type of diswerses sngagements that have to be expected, de-
spite all the efforts made %o improve it. .

¢. The need for realistic reappraisal of policies, 1nclﬁding
Public information, on chem'eal ard bicleczical warfare -- presently a
seeningly forbidden topic.

Z. Local air defense of miliary tarsets 15 rot belng esploited
as fast a5 appears possible even tn Pressat buigetary iimitationa.
Local defense o2 civilien targets 135 hzling puche? hud in view of the fell-
out problen will be of little value. ~he FO53ible interference tatwsen
the preseat NIKS batteries and offeazive SA- operatiorns during an etteck
on this country has not Been solved,

g. The h_gh degree of rulnera%ilisy of SAC in spite ¢f efforts
cade to decrease it

h. The rising pcwor of Pussia in seientific, techrological and
nilitary effairs. Mot only did the group lzara ahout an 5lr§ady existing
superiority in nsny arees of indivicual weizoss, 2.8., tenks, miseiles,
2nd electronic equipment, but in other areas 1% vasz Soun? that our prezent
advantage waes rapidly being overcone. The grovp was 2130 dicturbed by
the approximetely two-to-sre advantsags of Russcisn research, development

- 20 - IDA-ARPA §-1

i
~a o W -



S, T rmon . hag
» il

ond profugtian l2al iman,

1. The eouplete absence of ony pescsive srctection of the

civilisrm popudation.
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REMARKS ON RECOMMENDATIONS

Confronted by problems of such scope and a very limited time,
the group concentrated on ways science can help, pushing aside all
questions of strutegic and management end financial analysis as
lying outaide their directive and outside their working intereata..
The final pubject-matter recommendations fall into three groups in
the Summary and Appendlices:

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

chemical sensing and redically new types of elsctrochemical cells,
vhich &t present are only slightly developed in compariscno to thelr
conceivable applications to defense.

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

familiar fieids of resesrch, such es metecrology, walch izpinge
vitally on military acticns in impertant ways and should tterefore
be vigorously supported and imaginatively monitored for pctential
military applications. In the same cluss telong oceanograpny, geo-
physices and materials apnelysis, tke group felt, tut Froject 137
made po formal recomrendaticn to this effect becsuse of ipsufficient
time to conmslder these questions in eny detail.

C. Projects and applications (C-1 to C-5}, such as BASSOON

and NAUCRATES IUCTOR, which elresdy suggest feirly specifi: militery
systems and which for the most part can probably be best handled

through existing defense agencies by a project type of organization.
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It may vell be that a few of the recommendations made by Project
137 are not new, despite efforts made to check on work currently in
Progress. It may even turn out that one or two of the ideas are
already being pursur. energetically and imaginatively in projects
of vhich the group is not avare. The history of science is well
known to demonatrate that practiically po idea is ever completely
new. Hovever, it also shows, as for exawple in Mendel's discovery
of the lavas of inheritance, that several decades pay sametimes
elapse betveen the moment when a mew idea is cooceived and the time
it is put to use. The group conceived its function was, not to
make more discoveries, but, to help shorten the interval between

discoveries on hand and their applicatiorc.

To bring about the recommended pev developments in many cases
the group has suggested specialized wocrk-study groups of limited
eize and of duration ranging frum a week to several months, as
appropriate. Ko procedure is krown which can securs in peacetime
the same comdination of specialized kncwledge, ocutstanding ability,
active 1ma.ginat1§n, Judgment, and intense motivation. - The pre-
surptive sponsor in many cases would be ARPA, in otier cases other
appropriate agenties of the DOD. The follow-up (work in defsnse
leboratories, outside contracts, steering comittee, review of
results for immediately important applications, project orga.nizu:tion)

would be expected to be the responaidility of the sponsoring agency.
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CONTINUING IDENTIFICATION OF DM RTANT NEW PROBLEMS

The group was asked to reccmmend xeans for tha contiouing
identification of importart new protlems - arcag whers science
can be used in unappreciated and vital waya 1o strengthen the

eountry.

The tremendous technelogical changes aireecdy made as well as
those coming fast up over the horizor make it difficult for the
services to adapt themselves to these developments. In their
efforts conatantly cew, unexpected scientific prorlems are en-

countered, ranging over all tne sciences.

Many of these touch on sucn furdacenzal issues that the con-
tinuing assistarce of gclentists fuliy feanmililar wvith tie very

latest progress cf tneir disciplizes 1is reuired.

Methods pust be fourd that ge well Teycrd the existirg tyres
of contact and interacticrc tetweesn tre DUD a3 the scientific
community. The group bas cousiderel pessille ways to provade &
mechanism. Its priccipal sim woutd e, oo the sze tagd, o
introduce scienptists rnot now working ¢n defeuse problems irto these
areas and on the other to give scieztifically traized military
officers of the three servizes end sciertiste working in deferse
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 mechanisma received mack atteanti>u fram the group. One,
a Center for Defense Resear:n Work-Study Sroups, weuld previde:

a. A very small but highly Tompetent staff to take
the major burden of handling classified scientific work-study
conferencea for ARPA aad cther defense sgencles.

b. Secure weezing rooms for ever~hangirg greups of
limited size, pearby work voms, and places to eat, walk and sleep
without goluag ovutside the gusried area, ard surroundings under -
whose influence it is 8 pleasure to work., Su:h 2 place does not
nov exist in the Washingtor ares. 7o provrile su.t & piate would
make it possible for a group tc do sutstastially more i1z a lirmited
tire, na witness the outstanidirg Jordcc Fesesrcn Jouferecce.

£. A geod gmall working iitrasy of classified and
unclassified refereznce mareriais.

-g. Simple ccmputation facilities.

e. Froximity ti an <aicelleat iiorary and <7 8 uciversity
vith excelilent departments of scienie.

£. Fucilities for repriducizg wunclassified arg -lassified
materials,

g Contact offile 1o ARDA 1o desl wath fiow cf io-
formatior and reports, Llsarmnie [o7 v181ts, and fsbeauling of
visits.

b. Proximity to Washizgton 82 1espossitle Washingten
people can contriture with the same effertlveness from which Froject

137 benefitted.
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i. Operation by such an agency as & non-profit defense
research organization of high standing or the National Academy of
Sciences to guarsntee to the Center a cortimuing prestige among
scientists, among the services, and service laboratories, so that
anyope invited to take part in the work of the group can consider
it an honor_ to be able to caue.

J. An ever-changing program of speécializéd work-study
groups in responss to ideniified needs.

k. A regularly progremmed repetition every six months

of something with the scome and problem identification responaibility

of Project 137 as a minimal response to a pressing need.

The other mechanism, an Advanced Security Research Imstitute, would

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

b. Provide m place whez'-e scieptists can go on leave of
absence from universities, industry and the DCD laboratories to-
gether witk operational military perso#nel from the DOD in an
atmosphere of study to contribute izaginatively to pational strength
ir a free-ranging pamner without committipg themselves in advance
%o any specific kind of projest. The Princeton Institute for
Advanced Siudy would serve as a model. |

<. Cozusist of mexbers and visitors. Both groups would
be clesred and much of the work would be classified. The nine or
pore mesbers weild bave terms from perhaps 1 to 5 years, would
be gelected from a variety of fields, and would assist in planning

problem identification meetinge like Pivject 137 and otherwise
- 26 IDA-ARPA S-1



search for new spplications of science and solutiona to urgent
problems of defense.

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

¢. Have for foundation of its work ready sccess to
informatior and briefings by tte DOD 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 science aud defense.

g Have appropriate computers but minimal labcratory
facilities.

:. Have oo coatract award functions, have no supervisory
function, pave rno assigned tasks, bave no responsibility with
regrect 1o national ‘sciesce policy, be no place of reference
for cvrganizationsl questions. 3ts dally grist would be the
techrical proolems of acience ard defense; 1+ -vouid te 2 full-
time activity.

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

of the UGA.
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As bvetveen the Center and the Institute opinions in the group
were divided, Hovever, no question existed that a decisively new
mechanism must be found to promote eloser contact between the DOD
and the scientific Community. It is the feeling of the group that
a Center for Defenae Research Work-Study Groups, or samething
like it, is a minimm response, and thet efforts should be made
to move as far beyond it in the direction of an Institute as those
more familiar wish national science policy deem wise. ARPA baa
the pover to bring the much-needed new activity into operation,

and ought to move promptly to do so.
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A-1. CHEMICAL SENSING

Introduction

The ability to identify airborte or waterborne chemical species in
extrezely low concentrations would be a powerful asset for both military
and civil goals. It is @ifficult t¢ visualize any natural or man-made
process which dces not put rome kini of "signal” into tke air in the form
of a fev (or many) molecules cr stome vhich may be characteristic of that
particular process. Hence the possidility exists for diagrosing activi-
ties of various kinds at a Aistacce. This proposal is simply to
stimulate basic ressarch in selected areas yet to be determined with
the aim of pre;sing existicg azalytical %ools 2 their ultimate sensi-
tivity and, if possible, tc devise rev specific metbeds. Thers is no
single system for chemical'a:alysis, §C 1t 12 wnlikely that any single
technique will be applicable to pratlems of a wide varisty. Hovever,
&8 fev suggesticns vill te miver zerely ac flluctratiszce. It will be
seen tha noze ¢f tﬁese SFproathes 13 cew but neverthelsss with adequate
incentives for understarding there it resson to believe that pev and

important re:ult: cas e o%taized.

de may staxt 9y recaliirs tiological tyetems. It is rather well
estatlisned that the olfactory sen:e detects apd identifies specific sub-
stances vith fantastis rezsi{<ivi‘y. Tke maie @yYpiy Eotn cen detect the
female bty olfaztion over a 2.mile TAng? and it is estimated that orly

Appendix "A"
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1,000-10,000 molecules of some substance per cudic centimeter of air 18
the signal. The olfactory sesnse of a vide variety of animals, including
fish, seem to be eimilarly acute. BRriefly stated, it would be of great
interest to understand how they do this, and to make use of the dis-
covered principles either by usicg biological systems as detectors or

by devising artificial systems employing tkese principles. There has
been rather diffuse sffors on this protlem cver the years but most of
the results have simply descrited the ptencmercn, and only a relatively
small amourt of research has teen 3directel toward a fundamertal

underatanding.

Modern fre-ramental ‘scholyuss which 2starpize characterigiic atomic
and molesulser dissociatic: ar? vidratisn frequeaciez have revelutionized
many areas of chemistry. Under the gensric title "speciroscopy” one
thinks of izfrared, vacuum ultraviciet, microwavs, azd 2vill cther forms
of molecular protirg. whizh have gr=at zepnszitivi-y bty previsuc staadards.
"I a molesular team :ome moleztslic zan *w dateccad with a zezsitivity
of cne par zecand, wisn the r::ult tnat oreervazicz of a few thousand per
recond 1is easy" “Zssrnarfas!. %t :: hagoly iikaly that seversl of these
methods can Te prezced +2 p :ensitivity gt Lilatsr tgan preasptly
achiaved. 1t migat al:co b= mer%icueld tEAT we 2% pot knov cut tpat
exizting techziquez ere alirssdy adsguets for obeaining ctttain infor-
mation of valus. For exsmple, wa have learp:d <hat *he Chemical Corps
ig alrealy employing infrarel apectrvwiropy =2 o%taiz zivance wvarning of
- certair "nerve geses".
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It did not ~ep warthwhile to ihe members of Projecr 137 to try to
think of other approaches themselves because in the time available 1t '
vas impossible to ccpe with the braadth of this protlem. An analogue
might be mentiored showizg vhat has besn done in ancther field vhere
sansitivity acd :eiectivity sre ipherert qualities. The radiochenmical
analysis of atomic bomb Aebri: carried through the air halfvay around
the world has resulted in very detailed Aiagnosis of weapon type, yleld,
materials of copstruction, anl £o forth. 1IZ cne coull devise chemical '
identification of coaradicactive sut:ztances with aoywhere pear this
sensitivity, it {2 zot hard %o vicualize izportart applications; for
instance: <type: s5i aumber: of machines tn the vicipity, nev lypes of
fuels iz use. sdvance warcing of {¥ en2 FY attack, human :omceatraticms.
It migh% als> be mentioned k-re tgst *ne genersl protlem of chemical
geraing has alrsedy bees cinsider=2 triefly in the 20D Repcrt of the

Ad Hoc 5roup on Asxospaeric Blecwriissy, RO £99/13 (5 Dec 1956).

Specific Fezozmenisation:

Sore per%z: oY FReL.y fhIuli T.owey tns present ivatus of this field
iu crder to firm.lacte is folliwine.
. Definitioe of we-nrasuss of bigh evunativity and
spacificity. -
b. Caralrgue 2f res2srcs alresdy 1L progress tearing on the
problem.
2. Pesearch workes: wno foull tawritute ) 8 2uture program.
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4. Specific applicaticns of interest to Departmert of Defease.

Based upon tbe results of the survey, recommendations should be mads
for research vithin existing govermmeat lstoratories and for contracts
to universities and research foundations, and for a conferecce for the

exchangs and stimulatiosc of ideas.

As promisiug leals 2sawvelop. a mov conzertsd €2257% ahould be pade

to brizg them ino prastical applicaticc bty agezcias yet %0 be 4efined.

A list i3 giver heres of aress ol sciezce end tachrology vhere cne

migkt turzm for icformaticon on this protlem:

Chamoru-epiice 1z izsscts Vv, 2. Tethie=, Johns Hopkins
and otker a=mimal: F. & Exdas:z, Columtia
A. J. Haegea-Smit, Cal Tech
Iacect repellerts arl Searley Hall, TEDA, Peltsville
atTrastant:
Moleculss spezirssc Py Mary peopis ino many laboratories
Alr polutior provlex cfenter of ruclk fundamental vork
ia lo: Azasles area
Micrschenisty F. 7. Cuzaizakar loiv, of Callf.
. ’ I Ferlman
s E. M. Toyce
/ﬁ C. 5. Marvel
/ F. Wall
P
s/
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A-2. INFORMATION TRANSMISSION BY CEEMICAL SENSING
—_— e HAENISe LU Dd LA SRe Y

Tvo kinds Qr.inrornation can be secured by chemical sensing:
(1) the concentrations of specified molecular species at a given
instant cf time ani (2) hov this concentration varies with time.
A fev of the many cotceiveble applicaticas of (1) have already been
mentioned. Observetions of the time variation (2) can also be
visualized to secure information from foe or friead; for example,
to count the number 02 sremy vehicles passinug a given poirt; or

-

to receive sigeals 2rom ore's ovn forces under aspecial conditions.

To give an illustrative example, imsgirs a radicactive material
vhich 1s-em1tted in 2is:rete coded puf’s from & "trarsmitter”. The
"receiver" 1Q & radiation detector, say a Geiger courter. This system
of informatior transniss}cn ccull obviously Ye gersralized by emitting
sizultaceously two or mowre types of raiipactivs syuletapces, and pro-

viding the detsctor wi®h snergy discziminaticr .

The ipformaticz 2o trezsmit<e? has the u-usual feature that 1t
is wvarhed cut by atmcspheris pixirg after pasesge over a certain
distance, which zan e sijus-:d 2y varying the lapgth of the

1ndividual puffs.

The azaly=iz of shis lase ¢f 2oharencse, or isformatioca ecatent,
is a probler iztersctizg oo *wo sasuzes. {1} mere irformation atout
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the mixing process would assist in the first conceptual analysis of

& puff-type information transmission system; (2) the study of the
diffusion and ¢onvection of Judividual puffs of rsdicactive or
chemical tracers would add to our understandirg of micrometeorological

processes,

Specific Recoumerdations

As part of the task of thLe perscn or agsncy that first surveys
the field of chemical seralcg as & whkols, attention should be given
to puffs of radicactivity ezl stemicals (1) a8 a way to trensmit
coded messages that are ctiitersted teyend specified distances and
(2) as a means to increass uzderstaniicg of mizrcmeteorclogy. For
this purpcae it voull te eppropriste %o seiure e asgistance of
a0 ioagizative esgert veil re:aseecded “y [T, Barry Wexler, U.S,
Westher Puzeau = IT. Ceirge TXortiey, Port Mmuiricg, Frederick,

Marylazd, or Frofesscr 3.tccz, siosuitec: to Port Detrisk.

P FRairey
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A-3. FIEL | T

The presentations we heard laid heavy 8iress on the burden of '
supplying fuel to mili“ary operaticas at advarced locations. The
Arericos army edvansing across Frarce into Cermany conaued 400,000
gallons s day. I& Korsa fusl <onatituted cver S5 per ceat of the
logistic load. The army of the futur2, plsnaing cn nuclear va:fare;
must and dosg sesk a mobiiity higher than ever before. Against
achieving such mchility toe demanie of fiel azd the fuel supply line

iaterpoze massive ohstaclas,

No technicul provrlex <f rne mcdere armv has higher priority,
por offer: 3 graater thellzrge o :itlince 354 teTancioRy, than

fuel supply

No solwticn of <ke fusl pratisn 1¢ ascsptakle which dore not

recogaize the weny Tlii‘sarv res.arfment: 22 the pasy 2inds of vehicles

that gre 2ing *> uee tono fuel It 13 avyect that perroleur fuelse
have g2y virtus: ATy altercartiew must Ta Al l2azt sauivalens
operatizrally TnoEldAtior . 1t mRET redgis vre logrerig lial if

it iz t2 2fvit conlderemaln Tor o geunpa, field yie,

frip rthe evideace avsilarie % 4% 16 3 Curi.zy FEViev 1t appears
that thers iz viglrowt 50§ i@+ginstlve 22eesrzh it Progress on macy
facet: n# thiz prorleg in 2ot 1ofusirisl e pavzrrment laboratories.
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However, we believe that rev scientific principles must be developed | _
through pioneering research before fuel logistics cza be substantially | .- '
simplified. That this point 13 recognized shows in the suppert of '
research cn such a subject as frees radicals, and vork on fuel cell;: )
for direct ccaversion of chemical ensrgy to electrical pover. We |
believe that the importance of the fuel probdlem demards continued and

increasicg support of rezearch ia fuch d23ignited areas of science and

technelogy.

To be able to generate fasl lxcally rather thas skip it in
wvould be a gxeat step forwarl We do 20t sez how to do thieg, but we
¢an fee Qirection: <f iovastigatica that might ultizpately open the
wvay to such a localized fuel cysrsm. The system would be centered
about mobile pcwer =supply urit:z, euzz as motils puclear reactors.
The reactors would prﬁduce fusl for the use of vehiclea in their
localities From thi:z pcint 22 the cy2tex would di1ffer accoriingly

as the fuel i: hurned or mersly d<aredzi vo as ccargy.poor form

origizal srergy-.rick formx

The comvuztion type oF systex wiulld e derigned to geperats
fuel frem iocaily agceszivie and uciverszal raw gaterials. air or
water. Thi: system woull lead to fusls such as hydrogan peroxids,
methancl, or hydrsges {ga: or lizuid). We male contsct with

App=pdix "A"
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promising secret NACA experience oa driving jet places with liquified '
hydrogen for fuel (RME 5TF 13a, -1k, -19a and related NACA reports).
We found that the storage tank weight relative to the fuel weight 1s
no more for liguid hydrogen than 1% is for gasoline. We were in- '
formally advi:ed by NACA warkersz that the saxe fuel cao probably be
used without great A1fficul-y in exis:iing reciprocating engines such
as drive most ground equlpmsrt’. FPrastical zxperiments vith such .
eguipment modifisd to liquid hydrogen fuel have ot come to our |

attention and deterve consideration. The techniques for simple safe )

use of liquid hydrog=o have mals enormous strides sinc= 1932, giving s

occasion for & fre:h lock at this fusl for use vith existing vehicles.

Apong regacevative fue] seiens perhaps the greatest long-tern

interest attackes ts an apprcach tha* i3 not feasidtle by today's
technology: elsctrochemical gaparation 38 fuel - preferably generation
of a pair of liquid re:scvantx. A and B, cut of a liguld or solid
degradae C. Vehicles viuld tr4d: 1n C woen celng tanked up through
geparate ports with A and B, No ceemizal fusl: woull be brought

into the axen of En:stilivle:. In case 32 protracs+d operazions it
might be recs:zcary T3 nring ig eew fis:sils cores for tae nuclear
reactor: ‘ased to repsnirats ths chamazal fasi. ALl wabhicles would

te powsetrsd by 2lecrtzii mt2rs. In wnis cornaczior, 1t ie interesting
to £ote that some moders - not- . -9 aquipmens (le ‘foum.eau -
Westinghouse) has four-wna:l slectriz drive.
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There is no reascn to believe that a practical electrochemical
fuel system, if it can te developed, shculd be limited in application
to the high priority goal ¢f military mokility. Civilian application
might be forced by rising coeis of couventional fuel for motor trans-
port. In such an application tke filling stations might lock
familiar Sut the fuel they sold might for the most part be regensrated
locally. Tke electric power for this purpose would come from

stationary auclear reactors sultably spaced over the comatry.

Four watal facts =tand out abaut electrochemical epergy:
a. electric drive ha:r uniju2 zimplicity, relia®ility and
Tlexitility;
D, motile reastir: fen rigersra%e clecrnrochemical sources;

. pcunl for pounl slectrochemizal 20urze:z can 3tore as

in

much spergy as g
o 8 tnid ftored energy can Ye zonverted icic power at the

wheel: wite an «ffizier:y much bigner taas the trrzicsponiling afficiency

- for gazolite

The <2c*ral problem 13 the <lsctricbemiisl rell. Despite great

ails;

improversprs, todzy’

&. are w7 beavy,

k. have a 130 low curiwzt capacity.
letensive development woTk nas gore on and contisusr to 80 o1, but its
gouls are imprevenenl: of a few Ler zant, ot rsdically new epproaches,

Appezdax "A"
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Such approaches demand guite a new kind of reesearch. As B. X. Ziegler
has reparkel, "Extensive research in the field of electrochemical
kinetics could be expectad to yleld valuable results. Moreover, coly
a small aumber of the poasible varisty of alectrochemical systems

kave yet been investigated.”

Amoeg point: worthy of special invest.igatiicn vould se.-.h to be
the folloviag:

a. 3vstems powered by liquid elsctrozhemical resctants.

. Pnysical mechaniszms for se2curing large reac*;'ion surra.ce-
and yet previating irreversible comciration of the reactants (emulsi-
fication wih orgaric sepsrator f1lms; Pubbles; tzzhrijuse familier
from tl-z?atzsn proceeses 1o minirg; cavitatior; jst:s cf cne liquid
going inz< anotker; tarriers).

€. "2 tundameztal thenry of the gaximum rate of nearly
reversitle clectrolysis that iz, 12 prircipis, poz<i®le. Srom this
theory ons would :eek <o ipterming the ta:is physical passmetars

witk wiith sdvaznied 24)11 dezigr :hould comsern 1tz2e12,

Specific Fecopnegdstions

A~ appropriate agency :poald:

4. Stk 3% the most azvan-=d thinxipg at ARC latoratories
and elsewvhere on hew 2mall ari hov mobils 1t may be conceivable tea
years henze to congtruct elscrric power gereratieng reactors with a
viev to ccmepﬁmi anslyeis »f ar advasced fuel gensratiog system.
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b. Ssek edvanced thinking on vhat a reactor could do if 1t

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

from water rather thap via electrolysis;

e. 1= the light of this informatioz and experiements on liquid '

hydrogen powering of exizting equipmest, Jlstermine under
conditioas, if any, a hydrcgen-fuelled system might make

d. T<termine vhat 1aé1viduals and instistaticos

what ppecial
senge;

are in the

best positicn to contrivute ralically scav and izagivative ideas %0

the theory and design of eleztrolytic cells, and

e. Take vhatever step: ave resded ir the vay of conferecces,

work-<study groups, arrangemer:?! vivh governs-pt la%cratories azd

outside cocrrssts to stim:la*s sha gwaergetlcn o2 worshvhiie aldvanced

ideas orn:
(1) reactor testrsligy;
(2) energy ttorege,
{3) electrelytic -2lie,
(L) electrmcbemicnt "uel 2are-"avior.,;, aci
(5) fuel utilpszeio-

and to fopesra work 90 them

tiemize vusarlis s comceptual design and

evaluatior of A yegenArstive «le croonsplcal fo~) or octher sdvanced fuel

system that mign+ druasticaliy cut fowr the 2wl supply problen.

P. M Ffoyre
€ S. Marvel
1. Foslonn
F T. Wall
Y. A, Wneslar
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A-4. TRANSMISSICN OF ENERGY TERQUGH SPACE

The group heard of work in progress on electromagrnetic methods of
transmission of anergy through space, intended for destruction of either. '
ground targets (River Styx Project) or incoming mizsiles (Project Cindy). o
Other motivations are ¢ Lso obvious for sseking means to Lreasmit energy |
through apace: t> supply powsr to forward cambat locations; to cperate -
reconraiasaince drepe2; and to sustain evift high-altitude droges for
blocking ballistic micsiles. It would bs as difficult to catalog all '
the applicationz of a practical tranemissiou System as to try a hundred o

years ago to list all the uae: of elsctricity. At this point one can

only pass the julgmest. "potentisliy 2xmremzly importast.”

To look 8% epplicatisns, agd %o sesk %5 resch them primarily by
pushing existing approaches to the limit;, may very velli lead t3 very
wvorthwhile advancea. Howzver, if past history 12 any guids, it would
appear that the chactes to ST up somethizg cew and promising would
be increassd by als:s locking acte fuzdamental pricaiples e.;ud. exapining
new ConceptuAl romElnaticp? wi+hout Sryirg to viiuailze any specific

applicatiza in a1l Zetail.

11ttl: time wa: &vailable to reviev tha well -kmswn furdamsntal
principles cr t5 look 1n*: wew esm>inaticns. Therefore, the f£2llowing
comment’ are offer<d crly a:z s limit:d survey of the field of ersrgy
transmigsior, tc highlignt =cae of %ke challengirg qu=2tion3 and to
sugge=2et & fow dir<ziions in which =ffor+ might prove espaclally worthwhile.
App~ndix "A"
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Electromagnetic Radiation

Electromognetic radiation is a reasonable basie for a systenm of

energy transmission:

a. the principles of propagation are well understood;

b. the radiation can be transmitted to great distances and
directed;
c. the technology of gencrating radiation has had considerable
developmert; .

d. electrical eirsuits offe: a more flexible technique for o
haniling pover thar, do any other known methods.

For transmissicn over distantes tetween 1 km and 20 km the shsorption of

the atmosphere affects the tnolce of wave length a2 shovan in Table 1.

Tadle I

Wave Leogrths, A Transmissible in the Atmosphers
Pelsv the lomospbere. Figures calculated from
tadles ic "Propagatior of Short Radio Waves"
edited b D. E. Kerr. McGrav Hill Bock Company,
Nev York, 1951.

50 per :urt lcag 10 psr cent loss
permizsihle over permisszible over
1 ko path {3 45/icn) 20 kx path

{2 x 107 db/km)

Clear veathsr “razs-

mission sufficisrt A2 0.18 cm {dut not A% 2 em; also
in the irmediate optical apd near
veightorhood ¢f 1/L cm {nfrared
and 1/2 cm); also
optical and near
infrared

All weather trapus-
mission required A7/ 1 em A7/ 8 cen
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At greater distances the meteorological complicationﬁ of the atmosphere
make proper beaming of the energy irncreasingly difficult even when the
path of transmission runs more than 100 meters above the ground laysr

of alr. Beaming slso demands a narrow diffraction pattern and, therefore,

a sufficiently large antenna (Table IT).

Table II

Mirimur Diameter, D, of Transmitting and
Receiving Antennas of Equal Sizes ani
Uniform "Surface Emiesivity” Required to
Reduce Adlditicnal Loss=:s by Diffraction
Below the Specified Upper Bound.

Condition 50 per cent diffraction 10 per cent diffraction
inss ar 1 ke 1253 a%t 20 ka

5 X 10-5 ¢cm (vizikl=l D « bLoenm D « 1m

clear weatheor A s 018 Dz »p = 2cm, Da200m
Av l¢o, D2Sm Aas B8cm. DsboOon

Nota: All D values are rough estipates,
The effective area of the two ente-nac ~ar, ir principle, te decreased
below tha indicated limics vy a de:zign tha% dse2 not assurze umaform flux
of high frequency -uzv2zt aver the ac‘terps surfaces. The optipux design

deperds upsn the kied 2f crizerion of "effective area” that {s relevant.

A fantasticsily high vpper limit ic ¢s* to the power dersity that
can be trarsmitted by reasor. of the hreakdcwn strength of air for static

fields, of the ord=r of 20,070 valts/em:

R AT Appendix "A"
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(surface density of pover emission)

= (velocity of light/87r) (100 electrostatic voltu/cn)}

= 1013 ergs/cn2 sec

al megawatt/cm? .
The actual limits are sudstantially less than this figure due to the
frequency dependence of dbreakdown field strength. However, the pouef
levels that are in principle atiaicable for antennas of reascnable

size arv in any sase ezoracus.

A rddiative output of 1 Mv/cm2 can be obtained from a thermal
source only at tempermtures over 25,000 degrees Kelvin. Therefore,
atiention 1s drawe away from incohersn: thermal radiation to mono-

chromatic radiatioz in s2eking for high intensity sowrcee,

An idealized anterza for the emission of moaochromatic radiation
might te visualized as ¢2n:i1s-ing of tws sheets of curreat, uniform
in density, over tke artenna surfuce, separated in space by a quarter
vave leagth, ope cszillavory surreart lagging ia time Yy a quarter
pericd with re:pect t: the cther. At a third the critical field
gtreogth (1/3 of 100 elactras*ati:z volte per em, or 1/3 of 100 gauss)
and at a teath the sszociat:1 pover lovel - that iz, a little cver
100 kilovatts/cm2 ~ each she2t must have a surface dsnsity of curreat
of 6 amperes ﬁer em. To drive the oscillatory current against radiative
resistacce requires a ficld gralleat of 10,000 volts/ca.

Apperdix "A"
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Radiative energy in present day microwave systems ia generated;—ﬁﬁf_"'_
at the antenna surface, but in a separate unit, from which 1-1: is piped- )
to the antenna. The whole design 15 governed by the technology of ;;:;eﬁent
day energy sources. To exploit that technology to the limit is cert&u;i&‘ |
an approach that d.éserves strong support. However, it may also be worth-
wvhile to ask whether quite & different design can be conceived, im which
the energy source aszd the antennas are one and the same piece of equipmt
Compopents for pulsing or modulating the outgoing energy are already | _
eliminated because it is energy transmission that is desired, not in- '" o
formaticn transmissicn as for radar. It is, therefore, tempting to try
to eliminate other components as well, such ag magnetroa and pipirng %o
the unten=a. A mode]l system offer: itself as inspiration iz the search
for conceptval simplicity: the atom. A single electron circulating

about & nucleus serves as Yoth pcwer source and anteana.

Any attempt to conceive of an easrgy enurce spread over the antepna
itself ba: the follewing guide lires:

a. A ddstritution of current over the surface at a uniform
density of the crder of 1 t> 1D ampsras per ¢m, or a more patchy
distribusion with higher lccal densitisa,

b. Potantisl srﬁiiec:.s of the orier of 10,000 volts per em
on the sverage - again with non-uniform distridutior a po2sibility.

€. Periodic veriation of the currents, properly synchronized
in both epace and timse.

d. An erergy input.

. Appendix "A"
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In other respects there is an enormous range of freedom for conceptual '
design. The following possibilities are among the many that obvicusly

come to mind, individually acd i{n combination;

8. A high current electron or proton beanm. -

b. Deflecticu ty electric and magnetic fields.

c. Plasmas and plasma vidrations.

d. Arcs.

e. Cavities in electrical oczcillation.

. Direct powering of the antenna by ccotact with repidly
rotating parts, such e= magnets or cavities, driven by turbine or
otherwise from a primary thermal energy source.

E- A plazma driven bty a coutrolled thermonuclear reactior.

h. A receptor identical i de:zige with the emititer.

To have seen emerge in only two 2ecades the magnetron, the klystron
and a variety of travelirng vave tubes is to reccgnize that the oppor-
tunities for faventioa are Lamitiess. Bovevar, it ie mot clear that
tbe inceativee for iavenrion f a nev <pargy traasmissioc source, and
some of the requirements for 1t have ever he<n explicitly formulated
and put before rhose with toe greatsct creative imsgirnation and proven
inveative ability in the fiald of elsctronics. J. R. Plerce, in an
appraizal of the pozsibiliries for geuscrating electromagnetic energy,
states, "Progrees along such novsl linss car only come if exceptionally
gifted physicists and ezgiree=s can be interssted in thicking hard
about such matters.” It would appear worthwhile t> conveps az expert
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work-study group under conditions optimal for senera.ting.new ideas in
this area of transmission of energy by centimeter waves. Some me.mbersp
of Project Shervocd would undoubtedly have a special coatridbution teo
make. The view has often been expressed that this intensive work on_. L
thermonuclear ensrgy may in the end contribute even more through an
understanding of the scierce and engireering of plasmas than through

achievepent of an jmportant new energy source.

At still shorter vave lengths, still more imaginative methods
suggest themselves for emitting energy. Among the possibilities mow ‘
under conzideration in a mcs+t modest way are:

a. An electron beenm guided a* the proper Aistance above the
surface of a rulsd grating to produce visible radiation (W. W. Selisbury).
b. Cokerept emigsior of frfrared radiatica {Charles Townes
and Berjamin lax) as ccoirected to the incohersnmt radiation from
thermal sources.
The opportuniti~: ir taege and ¢ther dizections ars 35 limitless that

this field Jseazvaz ipterse 3. 7port ead stimulaticn.

The peesibility also deserves conzideration that ea atomic bomd
can be induced 5 exmit rediatica of a selected wave length, possidbly
even directed radiation, by ecdowing the casing vith a structure of
cavities to stimulate hydrodyramic plasma vibratices, or with other

speciel geometry.
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- U3 - IDA-ARPA S-1



Qravitational Radiation and Neutrinos

These forms of radiation offer, in addition to electromagnetic va;ﬁs,
the cnly lmown methods to transmit ensrgy through space with the speed qr
light. They are among the most interesting topics in modern physics. o
However, there is not the slightest evideace today that these forms of

radiation warrant work locking towards specific applications.

Acoustic Radiation

The maxizum steady state rate of transmission of energy will £; 6&
the corder
{speed of scurd) X  {thermal energy density of air)
or a few kilowatts per cme. The exporectial rate of attertuation is
quite'lov at reasonatle frzquencies. BHowever, reliahle teaming through
the open air Zor distsnces evez av short as a mile is rorzally out of

the question, dus to refriction by temperature gradients and winda.

Vortizes

P. C. Werrsr and the writsr have duplicared ir the latoratory one
of tke geveral Ruswe tvypec of firaball. A glowicg aplizre, reveral
ipches ir. Alaxeter, was cau:2d to appear in the air acd ta pove hori-
zontylly a numtér of fezt, at a spesd of a fav meters per second, until
it ven® out with & pop. A smoke ring generator had been filled with
c¢ity gas and tapped to fject an invisitle ring of gas. The ring, after
traveling about a foot, passed through a spark discharge which ignited
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it. The gloving vortex continued to propugate. Presumably, mixing of sﬁs'
with air tock place until an explosive composition was resched and the

fireball ended.

A large invisible vortex of explosive gas could be used to discomfit
an enemy under suitable conditions, and might even be dasigred to
produce heavy damage. The ring would travel noiselessly through space
until ignited by flame or spark among the recipients of.their eqpipmént.
The ring generator is of exceedingly simple construction: a box with a
bole in one face and a rubber sheet for the opposite face. The vortex
propagates through space with good preservation of identity, as seen in
the behavicr of "dust levils” adove western dasserts. Hovever, the same
observations show hLow very subject the aim would Yo to changes in wvind
direction aad wind velocity. For this reasocn, repested tries might be
necessary to score an explosiom, There are easier ways to cause troublg
except under spe-ial circumstance:, such as operations where stealth

and rystery are reguired.

Vortizes can als> be proragat=d weder water, gquietly acd ipvigibly,
but stroag sr.ough - as on2 individual kas testifi=d - +o ¥nock over an
unsuspecting bather, Applira‘izaos mrs novw gncvn but might be corceived,
such as cerrying limited packagesxér enargy, of poison, or of fuel, for

limited distanc=z.
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Beams of Particles

High energy electrcns and photons are rapidly degraded in the
atmosphere, locing about half their energy roughly every 1,000 feet.
For high energy protons, the half-absorption distance is not much
greater. This experience derives from cosmic ray and accelerator
experiments vhere the stream of particles is too lov in intensity ‘
significantly to affect the properties of the atmosphere vhich blocké. ‘;

the passage.

Lightning illustrates that currents can flow with sufficient
intensity to affect the properties of the atmosphere itself along a
narrovw channel. This channel is very tortuous in the case of lightning
because the first electrons to go that way had lov energy, were easily

scattered, and were often replaced by other electronms.

To replace these "uxeducated” electrons by "educated” electrons
froz an accelerator might conceivably lead 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
rzass is driven aside, then the door is 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 also by others. Absorption by the etmosphere has been the
grest difficulty in earlier thinking along such lines. A new look at
the problem, allowing for the response of the atmosphere to the beam, is
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nov very much in order. For this purposc, conceptual ananlysis and ‘
calewlation, plus the enormous storehouse of existing informaticon and

theory zbout lightning, offer promising foundations for a much dbetter

assessment than we have today.

Specific Recomzendations

8. Sooe agency should survey the present status of the field of.i“A
propagation of energy through space to formulate: . 
(1) The methods of energy transmission that have been considcr?d
to date by workers in this country and abroad. o
(2) The research now in progress bearing cn the problea.
(3) Research vorkers who can contribute imaginative and sound
1deas'or even more directly forward a future program in this field.

(4) Specific applications of interest to the Department of Defense.

b. Starting from the state of knowledge as thus defined, a conference
with a8 work-study character should be called - perhaps divided for some
of the time into specimlized groups = to generate new ideas, and to arrive

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

c. Eased upon the resulis of the survey, a steering comittee of
indeperndent vorkipg investigators might be appointed upon the Project
Shervcod model to:

(1) Make recommendations to the sponsoring asgency for research
within existing governzent laboratories and for ccutracts to universities

and research foundations;
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(2) To call periodic conferences for review of ideas and experi-
ments; and S
(3) To bring to the attention of the Department of Defense areas

vhere important applicaticns can be pushed through.

As such lesds 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 ions with atoms
and molecules has important applications to the defense effort, ae
well as to many branches of science. We may mention a few such applica-”
tions: Ja:;
a. Atmospheric physiecal ionospheric ionization and recomhin;- r
tion rates; this is of importance for some Proposed methods of inter- .

fering with enemy cormunications ard radar;

e
R

b. Weaspors physics (ARGUS 1s one of the many important appli- .

caticas);

¢. Missile development (tke re-entry problem has been tied
to several atoalc reactions; the dstection of missiles within the
atnosphere zay be closely esrzected with atmospheric ionization in the
wake; means for destroying an ICEM withir the atoosphere may exploit
the weapons capabiiities t> such a limit that very detailed knowledge
of atonic reaction crsss sections becomes sigrificant);

4. Plasma physics and magnetohydradynanies;

g Controlled thermczuclear reactions - here lack of knovledge
of atomic and colecuiar cross sectiora iavolving impurities has been a
serious problen;

£. Caezjical reactions in gases.

Unavajlability of accuratze krowledge of atomic cross sections has

retarded develcpment in each of thase fields.
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Although the basic information has been available for 40 years,
much of atomic physlcs has been ty-passed in the course of the develop-

ment of physics.

This i{s true, particularly, of the study of the crogss sections
for scattering electrozs and ioxns by atoms ard molecules. It seems
epparent that there do nct exist "rules of thumd," or any practical
theoretical tasis, for making evea qualitative pradictions as to how

these cross sections depend on the deteils of atomic structure. Also;“

no comprehensive hacdhcok tatulations of cross sections exist.

There has ceec little improvement in theoretical teckniques for
kandling these prcblems since the late 1930°s. Developments in intense
ion'sources erd atcmic beam spparatis will provide nev experimental

techriques whick ere jJust beglmning to be used.

Host work ir thkis cozn=ctisn has tended to be fragmeated. An
individual worker determin2s the cross sectich for an individual
reactisn. Such results d¢c zot ic tkemselves secure a systematic
description of the phenomzaa. Also, much cf the work has been quite
incccurate, discrepancies as large as a factor of tec renaining even

after extensive studies lavs been made,

Pecormendaticrn:

/. zpecific progran for the stuuy of atomic collisions might in-

volva:
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&. A survey and coorlination of existing work (for examplé, w;fih
by sponeoring conferences); . - '
b. Support of atomic beam and other experimental apparatualn
to develop practical means of measurement; ~
c. Encouragement of a supporting theoretical program to use
new techniques in quantum mechanical scattering theory and computing
methods; : .
4. Empkasizing the importauce of relating observation to the ‘;
details of atomic and moiecular 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 examplis, bty the Eughes Committee on nuclear

cross sections

K. Watson

A-6. MATTER ULDER EXCEEDINGLY ETGHE PRESSURE

Recect investigatione ty §. G. Drickamer apnd co-workers have dis-
closed that sutatances uzndsr very high pressures {of the ordsr of sev-
eral hundrsd thousand wimosphires) sxki®it unusual properties. Here-
tofors most ¢l the very highk pressures work has teen ccnserned with in-
vestigating the ¢ffects of compfession as s2en after release of the
pressure. 1Ia coatrast to such studies, Professor Drickamer has suc-
ceeded in measurirg certain physical properties (such as infrared absorption
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and some electrical characteristics) while the substance of interest
was under extrexne pressure. Among other things, he found that noﬁ;
metals begin to show some netallic characteristics when the atoms are o

squeezed together so closely-that ronbonded electrons from different

atoms begin to interfere with each other.

It is nowv suggested that the measurement of properties of materiyls"
under extremely high pressures warrants further intensive study. Such |
study might enable us to understand better some of the phenomena _
occurring in nuclear explosions. It is also concelvable that a
whole pnew realm of sclid state physics and physicsal chemistry might
be disclosed. It is quite possible that the results would be of
substantial valus to astroncmers. Finally it is suggested that com-
pourds of excited helium with other elements might be mede under high
pressures. If stabilizatior of such compounds could be discovered,

a nev type of fuzl might result.

Recommendation:

Support by an appropriate agency for geood end forward-locking

research propccals.

F. T. wall
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A-7. INTENSE MACNETIC FIELDS

In the recent past it has become possible to achleve very 1nﬁeﬁse _'”:
magnetic fields, & 106 gauss. The eventual scientific and technical -
implications of very strong fields are not now clear but their 1mp$itance '
i5 already evident. The essentlal polnt is that an entirely new range |
of physical parameters has become accessible: magnetic fields with-;n
energy depsity approximation high explosive have alreedy been produ;ed '
with an expectation of ever higker fields. The characteristic o?f naéfér
under the action of suck fields should be studied from the fundame;;;l‘"

point of view, as should the fields themselves.

A few examples of promisirg uses include: (1) the study of mixing
in implosive systems with the fieid as the ligkt-decelerating medium;
(2) the acceleration of charged particles by the action of the magnetic
field; (3) cﬁnstruction of tiny focusing magnetic systems for use with
puis:d high energy machires; (4) irhibition of the photographic process
by the action of strong magaetic 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

gulsed fields cap be cbtalr:sl by means of nuclear explosions.

To date the amount of worg dors in this subject in the free world
is very small, with only a few actlve workers. Evidence exists that

the Russians are active in this field.
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Recommendation: SR

An appropriate agency should sponsor a symposium on intense ma.gne.ﬂe ’
fields and seek for means to stimulate more forward-loocking work in o
this field. Among those active in the field who might be invited to a
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 Problsm

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, classification and evelustion, 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 government itself. Justifiably the three services have
individually pursued many avenues of solution for thelr many problems,
right down to the fundamerntal aspacts. These problems are, however,
parts of a much more general picture. It 1s therefore useful to learn

more about the tasic underlyipng structure of this picture.

The Néw Approach

It 1s well reccgnized that coxputer development has been most
impressive and that ambitious glans for very fest computers have
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been formulated. However, it is our conviction that other, qualita- '
tively different considerations sh;auld now be sought. When informa- |
tion about a prevailing state of affairs {s collected end stored, this
is done for the purpose of answering questions and making décisions.
Hence, entirely novel procedures of automatic dota management must be
developed whirch 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" recogeition of significant items in a massive volume of |
a priori undifferentiated (background) information is in marked com-
trast to the familiar approach by exact, abstract relations and precise
item-by-iten sorting. Important cozntridbutions toward this end will
undoubtedly come frem 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 processses.

The exceedirgly high sp-ed of computers contrasts with a much
greater flexibility of the hwuman mirnd. For example, in directing
alr defens.e, computers have bLeen Known to arrive at correct solutions --
but at the price of very many changes of orders during the similated
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 power of the latter --
thereby attainirg a higher level than either one can reach at present.
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A generalized data processing system that attempts to incorporate
the neceasary, subtle features with heterogeneous interactions is lik;ly )
.to be a rather complicated affair. Its complexity exceeds that of the o
medern computers and data processors. But for such complex eqpipment,'l.
a8 for the recently proposed weapons systems, the question of reliability
of performance naturally arises. Procedures for the systematic reducﬁibn
of the probability of malfunction on the part of a glven system constituié_
an immediate objective of great importance. Even more challenging, how=
ever, is the objective of devising our systems in such a way that nny. B
failure will subsequently affect only the lowest priority functions.
Since it is patently impossible to build systems which never fall, the
next best thing to achieve is the design of systems which do not fall
vhen 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 unreliable componerts has only been started.
It 15 clear that this subject demands great attention in the present

cocntext. Especially is this true for systems operating under great

constraints or in times of natiocal emergency.

Familiar examples illustrate these remarks about (1) automatized
forzation of tentative concepts or conclusions; (2) quick eifting of
masses of data to confirm or contradict these tentative conclusions;
(3) design for reliability with unreliable components. In scieace,
weather forecasting has progressed scme direction along lines (1) and

(2), but has far to go in systematic application.of these principles.

Appendix "A"

SRS T T3A-ARPA §-1



v,

In national defense, the fields of communication and intelligence orrer.
outstanding illustrations. In these areas a well worked out philosophy
of reliability and concept formation would greatly strengthen our o
position. Also, 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 fiei& '
of weapons. Finally, a deeper understanding of features {1), (2) and
(3) of decision-making would allow more realistic and far more com- :.:
plicated versions of war games.than those presently being carried |

out on computers.

Information Systems

Digital processing and decision elements, perfected in the rapid
evolution of computers, are finding their way into modern military
information and control systems in ever greater number and increasing
sophistication. Yet, no matter hov generalized for the purposes on
haznd, the pattern of procedures according to vhich 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 ard with quite imperfect access,
whose organizaticn 1s effected and dictated by the application at hand.
Systems must be thought of that "réﬁ out" into many channele, and this
at several levels, operating simultanecusly. At succeeding stages,
rore and more detail may be accommodated, in a manner consistent with

increased parallelism of operaticn. Further, an hierarchy of many
- Appendix "A"
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subsystems of storage is desirable. These subsystems may incorporate
various existing components like mugnetic cores and tapes; electro-
static devices, both digitalized and analogue; electromechanical or
photographic techniques; display scopes. There are other possibili-
ties that have recently been proposed. What seems clear 1s that the B
conventional devices are either bulky, time-consuming, relatively

inflexible, or impractical.

Rapid access to stored information 1s presently limited to small
portions of the data. Scanning large amounts of stored data 18 usually\i
a time-consuming affair. Subtle, imaginative schemes are needed here
that represent pew dimensions. Perhaps the physiologist and neurclo-
gist, in concert wvith others with different disciplines, can make

radically new suggzstions.

Such systems should be designed to provide flexible interaction
with the human being. This is an important aspect. Heretofore
automation has been applied under those circumstances which have been
sufficiently 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 envisicned
here, the brain must be an essential component, interacting directly

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

Quite apart from the questions of logicel design and orgamization
of a large system, there arises the separate question of the reliabiliﬁy
of performance. The question i3, of course, of serious interest to |
thoge concerned with any form of large aystem. Fundamental conaid:er:-ﬂ A_
tions have only been hinted at. What are the general criteria for T
evaluating the performance; to what extent can unreliable componenﬁé o
be used; how much redundancy should be included; what forms of checiing:
or corroboration should be incorporated; these are non-trivial qpehiions.
These problems are also closely related to the cocding schemes used; B
While we possess a very powerful theory of information we still have
to make a8 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 desiga furnishing an important
take-off point for the proposed studies, a number of specific ideas
in this particular field are suggested as warranting immediate
exploratiocn.

&. The present thinkins restricts itself to a very small number,
usually one or two, of arithmetic units per computer. The emphasis
has, in lerge part, been on speed. Hovever, 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 concelve of a computer ;1£h
A fairly large number of arithmetical units, say a few hundred, if not
a few thousand. Such capabilities must alter ocur traditional approaches
to solutions of mumerical problems, especially in the field of partisl

differential equations.

b. For many app‘i-ations of M-nte +arlo-type problems, the structure
of arithmeil: wiits s not very effi-ienz. I~ —ost applications 10 to
12 bits - cusber usunliy suffice.. o . 4 ) bits trat -re usually

available arc qu.te unnecessary.

¢. Faster and more complex computers are being designed to exterd
the renge 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 descridbe a number, not only
as a f: .>t.on and an ~ssc:i-te . .xponent, but with an "index of sig-
ﬁifican'e". This brute firce approach clearly involves more hardware
an . . ntrol complizations, 1if not some sacrifice in speed. Even so,
it n- - cuozpletely clea; what the appropriate rules should be. Some

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

General R:commendatioq

It is strongly recomm nded that a group be fcrmed to study these
robles and work cut a iasically new attack cn them. It is necessary
t ot grous la: ‘u'e not ozly mathematicians and engineers, tut
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biologists, neurologists, logicians and physicists. This group must_ have
at its disposal, free of encumbrances, funds and laboratory facllities , B
the detailed nature of the latter can be specified by the group a3 11:5” “
{deas gradually develop. As these ideas become firm, it will be neces-
.sary to expand the program in some manner in order to reach its objacfivve“s

of a working system.

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

Engineers: Julian Bigelow, IAS, Princeton University
Ralph E. Meagher, University of Illinoclis
Jerome Wiesner, Massachusetts Institute of Technolog
Legicians: Clsude Shannon, Massachusetts Institute of Technoiog
R. L. Ashenhurst, University of Chicago
Minsky {cf. Shannon)

Mathematiclars:
A. H. Taub, University of Illinois

S. M. Ulam, Los Alamos
E. Bremermann, Berkeley

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

T. M. Anderscn, Colunbia University

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

W. W. Bledsce, Sandia Corporation
Symonds, Standard 0il of New Jersey
H. Simon, Carnegie Tech

Physicists:
R. D. Richtmyer, New York University

Hugh Everett, Weapcns Systems Evaluaticn Group'
L. W. Alvarez, Berkeley .

A. W. Lawson, University of Chicago

F. Seitz, University of Illinois

J. Bardeen, University of Illinois

J. Pasts, Atomic Energy Commission

A. Nordsiek, University of Illinois

Biologlcal Scientists:
‘ D. Mck. Rioch, IAS, Princeton

A. Novick, University of Chicaego

J. Hoffman, Buffalo

Joshua Lederberg, University of Wisconsin

J. Lettvipne, Mass. Institute of Techoology, RLE
F. Rosenblatt, Cornell Aercnautical Laboratory

H. Quastlee, Brookhaven National Laboratory

Specific Recommendotions

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

Systems Relisbility, to study specific needs of this program, and to
Appendix "A"
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try further to appralse the prospects it will open out. Such a meeﬁng
could be held in the area of the Argonne -~ University of Chicago - _

University of Tllinois complex.

b. An advisory committee should be selected from those actively
interested in thia field, to recommend appropriate practical means for_
forwarding new advances in the subject, including contracts and such

new computation laboratory facility as seems appropriate.

¢. Possibilities for application to urgent defense problems s.hc;ﬁl-d
be sought regularly and imaginatively through this advisory committee
or otherwise, and, when iderntified, should be referred to appropriate
agcacies of the Department 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 SOCIAL SCIENCES

Although the considerations of this group have been largely d:l.rec.:-ted |
to the bearing of the physical sciences on problems of Mllitary Science
defense, we have been much impressed by the possibilities 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 epplications. Here we may cite in particular the work of the
Subcommittee on Social Sciences of the National Academy of Sciences, and
of the Ad Boc Advisory Group on Psychology and Soclal Sciences, Office
of the Assistant Secretary of Defense for Research and Engineering.

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

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

Quite evidently, the preseat group, composed as it is largely of
physical scientists, cannot presune to judge the merits of detailed
proposals for work in the social sciences. Hevertheless, we camnot
refrain from expressing cur deep conviction that a vigorous explora-
tion of these broader fields is of crucial importance to the defense

of our comtrjr and that the advantages to be gained by their
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exploitation may far outweligh those to be anticipated by the more mmda.néi A‘
prosecution of hardware developments. The most sophisticated weapons T
system 15 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.:fa
imaginative formilation of policy, careful articulation of o'bdecti.ves:,
and considered evaluation of the relations of men, weapons, and missions.
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 social __ ’ . _

sclences.

Recomrendation:

We strongly recommend that every impetus be given to the fullest
possi‘bie exploitation of sociel coience and sociel scientists in ald
aspects of defense problems. HMore specifically, we urge that ARPA
consider these fields an integral part 5f “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 - University of Michigan

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

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

One of the more conspicuous aspects of current U.S. defense pla.nﬁing
18 1ts close dependence on technological development. Surely it is vital
to our security that we exploit to the fullest such possibilities as a.nmA
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.facter is promptl;'
taken up by the enemy, with the result that the var-making potentia;i T
of all countries rises with monotonous and frightening regularity,
modified by only temporary fluctuations in favor of one side or the

otker.

For purposes of argurent, we suggest that in the present state of
culture of the nations immediately involved, the seeds of war lie in
certain differences between nations, cultures =azd 'Mﬁdual pecple.
It seems quite unlikely that any serious ccaflict could arise 1f
Russ;ia.ns and Americans were indistinguishable from the point of view
of ideology, environment, standard of living, ete. If these differ-
ences could be made to disappear, there would be little occasion for

wvar as long as the earth can feed us all.

If one agrees that the problem \}ﬁich confronts us depends upon a
difference between the parties, 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 sbsolute, in the sense that
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IDA-ARPA S-1
S SN,



SENNET

duplication of the system on the other side will not constitute a
counter. As an obtvious but illustrative exumple, & weapon which 1ncﬁ;_
sazltated or destroyed any person who threatencd to enslave his
neighbor would satisfy most Americans and would be far more patis-
factory to us than more conventional wespons whose discriminatory
power depends on the accident of pcssession. Less trivial is the
possibility that qualitative differences in the capability of inde-

pendent thought and uction by individual Russian end American

soldiers might be exploited to our advantage, particularly in a uaé
involving great dispersiom of combtat units. Not less important as a
distinguishing feature, but less easy to exploit im our favor is the
disregard for numen life which seems sonetimes to characlerize

Russian operstlions.

Quite evidently, the invention of a truly discriminatory weapons
system {s a difficult job. On the other hand, putting a man on the
moon is also difficult, and tre solution 1s far less interesting in
the present context. We suggest that the relative alloccticn of
effort to these two endeavors is lamentably disproportionate in view
of their respective importarce %o the preservation of cﬁr soclety.
Even & modest imprcvesent in our understanding of the enemy may have
the most importent ccnsequences for war and peace, and even the K
revelation of a single nom-ccunterable weapon, diplomatic, economic,
or military, may give us adventoges far out of proportion to the cost
of even quite an intensive study program.
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To elaborate the matter somewhat, and to form some vague basls ror
a closer study, we examine here a few of the obvicus points which might
be considered - and might, of course, be much amplified. These remarka '

are directed specifically to the question: '"What differences exist

between the USSR ard the U.S., and how can these differences be exploited )
to our advantage?” o
a. Envirorment T

(1) Russia 1s, to a considerable extent, a landlocked

nation: communication by water is largely restricted to her canal and

A s T2

river system. Transportatioc of materiel and manpower from one poinf
to another must therefore be relstively expencive, both in terms of
capital equipment and fuel. To what extent can this expense be aggra-
vatedlby vartime irnterdicticn of the canals? Do the canals and locks
offer any specially advantageous targets? Could the threat of asphibious
operations on the northern ¢castline te used to force the Russians to
waintain large forces in this inhospitable terraic? The rather con-
spicuous difference in the availability and usefulress of the oceans
to the two sides would suggest that strong emphasis oz naval and
amshibious capability on the part of the U. S. might well be to our
advantage. This is clearly an exasmple vhere we need not, a&nd in fact
must not, simply attempt to mutch the Rusaians one to one. In the
past, command of the oceans has many times determined the fate of

nations.
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(2) Eastern and Western Russia are rather poorly conneéted;. ._ .
important installations on the Pacific are separated by vast reache‘s' 3
from the center of suthority. Might it not be possible to cut off and_
eliminate essentially all of Siberia with a relatively small effort? ‘-—
Would it be possible and profitable to establish and supply large bases

of our own in this territory?

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

offer only marginal support for their populatioas. Could this situation

be aggravated by any conceivable modiriéation in e¢lipatic or ccean
current pstterns? What would te the consequences of a moon shot? ﬁould. l
cutting the Isthmus of Panams a.f:éct the Culf Stream? What are the
possibilities of modifying rainfall patterns by systematic cloud seeding

in Western Eurcpe? 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 exploited through massive gas or
fallout attacks? Could the pere threat fore Russiz into expensive
couutermeasures? Could ballcon-carri‘ed wegpons or instruments be used

to our advantage? What use can te made of the Jet stream?

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

attributes of Russians and Americans. Opinioxis will differ as to
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which 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 to

the basic problem. It is suggested that a systematic study by a grou§ 

/ .
comprising experts in toth social and physical sciences might reveal

possibilities for some quite sophisticated weapons.

Recommendation:

Support of such & vork-study group by an appropriate agency.

T. lauritsen
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B. ENVIRCNMENTAL ANALYSES

B-1. THE PHYSICAL ENVIRONMENT OF MILITARY OPERATIONS

Of the many factors which bear on the effectiveness of weapons-“u
systems of any kind, surely a broad knowledge of the physical eavircn-
ment in which they are to function is among the most basic, Whatever ‘
our weapcns may be, they must opefate in the lard, sea, air or the
space outside, and in many cases their design must make explicit user
of the properties of these media, particularly those properties ’
generally categorized uader the fields of geophysics, oceanography,
meteorology, and physics of the excsphere. RBecause of their great
importance and universal interes:, all of these subjects have been
explored in some detail, both Yty military and civilian lnvestigators,
and an extensive body of knowledy: has teen sccumulated. Withio esch
of the indivual disciplinc:, macy rational and internaticnal agencies
have been estaﬁliehed to coordinate research activities and to
facilitate collection asd dissemination of informatica. In addition,
the individual military services have vigorously supported both basic
and applied research in the:ze fields to the extent that one may say
that there are no immediately otviou: subjects of military importance
in which effsrt is ccmplet2ly lacking.

On the other hnnd, APA has a responsibility wvhich trunscends
the obligations of any individual military arm, and one which is not
necessarily met by any purely civilian agency. ARPA should concern

1tself with long-range projects, often out of the context of a
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particular application, nand ¢hould be prepared to exploit any improvemen

in basic knowledge, particularly in the fields under discussion heréi_

L

Under these circumstances, {t would seem appropriate to sugge;t_ i

that ARPA maintain an active interest in these fields of endeavor, and
search actively for subjects of possiblz military interest in which it

may be desirable tc increas: the level of support.

In thé’Ho;k-Study Group's trief exposure to current military problems,
several flelds Lave appearel which seem to desern: increased attenfiﬁninl_.
Of these, perhaps the mo:st eor:pizuous are those branches of oceanograﬁﬁy
and "ocean metecrolegy” having to do with long-range sound trensmission,
propagation cf electrozagnstic rzdielion in water, and the topography
of the ocean floor. I% teems *hat U. §. effort in these matters is on a

far smzller scale thaa that of the USSR, particularly cn the last-

mentioned sudbject, ard fer les: than their fmportance would justify.

Another fielld in which mom= effrrt would feex to te indicated hus
to do with the effects of rolisactivity from nuclear weapous in the
environment of 3 groucd arcy There scems to te iny.fficient effort
ir this arey relative 19 *ke izportunze of a ihorouah urderstanding of

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

necessary instruments and indoctrination do not appear to be available
on anything like a realistic basis either in the Army or among the -
civilian population, there seem to be significant gaps in the baslic

knowledge required to deal with fallout problems.

Still ancther area where a hard look is required to determine
whether our current research effort is adequate, concerans the properties' 

of the upper atmosphere, the iocnosphere, end outer space, especially _
as regards propasgation of electromagnetic radjation and charged s
particles. It has beccme apparent that the féasibility of a number

of weapons systezs under current discussion depends in = direct way

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

at present.

It should, perhaps, be observed that the functions of the U. 3.
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 exd a marpower commitment waich 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 vorld-wide scale.

17 It should be emphasized that the Study-Group's information is
quite scanty and that the implied criticisn may be quite unjustili-
fied. These remarks are intended only to suggest that the
situation be examined.
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Recommendation:

The possibility thot ARPA might perform a simliar service, or even

inherit certain of the functions of the I.G.Y. committee would seem worthy

,’l.-'

of serious consideration.

]

. Lauritsen

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

Currently planned nuclear explosion detection and analysis techniques
seem, on the whole, to f£ill a significant part of the meed for combat |
intelligence on this subject. On the other hand, the proposed system is
rather complex and much of the information cbtained is of less than
immediate interest to local Battle Group and Divisional commanders. Fsr
the purpose of an officer planning an immedinte operation in a battle area
where nuclear weapons have been used, the principal questions must o : |
evidently have to do with the existing radiological situation within the-
iocality in which he expects to maneuver. For hin 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 example,
in mineral prospecting. Typical levels in the latter case would be
scmé tenths of millircentgers per hour, vhereas a level of scme tens
of roentgens per hour night well be regarded as an acceptable risk
for transit of troops. It follows that the pecessary instrumentatiom
for military applications can be wmost crude and rugged - possibly

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

A number of cbvious solutions 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 lecal meteorological
units could easily inelude rather detailed 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 apprecisble development. On the other hand, the .

A e o

apparent lack of emphasis on this problem in current Planning for
comdat surveillance measures éuggests that the implications of a
radicactively-contaninated tattlefield as a mattér of dally course
may not have been incorporated into operational doctrine to the extent
vhich the situation demands. The existence of high radiation levels
s a more or less permanent feature of the environment poses a number
of questions, and the ability to accommodate to such a situation may

well be decisive in an operaticn Involving nuclear weapons.

Recommendation:

Emphesis in current planning on rediological mapping and ccobat

surveillance.

T. Lauritsen
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B-3. STATISTICAL DATA TO PLAN FALLOUT ASSOCIATED WITH
USE OF ATOMIC WEAPONS BY ARMY GROUND FORCES

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

radicactivity.

The planning of ground bursts to achieve a desired fallout pattern ‘

1s only partly understood. The planning depends on meteorology, plu.;}. .

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

planning demands more - @& knowledge of hov reliably a specified fallout

pattern can be secured.

Recorzendation:

An appropri:at.e a.aen.cy. .}zould sponsor research:

a. On the statistical variaticas of wicds - in time, distance,
and altitude - about the values indicated ¢m the kind of measuring
equipment that will be used in the field; and ¢n the correlations among
such variations;

b. 0o the planning of pea.suremnts for this purpose; and

c. On how to use the results to tell what one can do reliably

about securing a desired fallout pattern.

R. Shephard
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B-4. A RADIATION DETECTOR FCR 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- o
genious devices, and there seems little doubt that if the need becomes
sufficiently acute, several quite satisfactory soluticns will be
available. The present note descridbes a scheme which offers some
advantages as an interim measure and which might deserve some furthe?
study, at least to the extent of assuring patent pfotection of the o

government's interest.

Among the many devices which can detect muclear radfations,
probably the most familiar is the Geiger-Muller counter, which glves
an electrical response in the form of a single pulse each time an
icnizing particle traverses the sensitive volume. Under nor=al com-
ditions, the cosmi¢c rays and natural background radiatioms will
produce a few counts per mipute in a Ceiger tube with s voluze of a
few cubic centimeters. For the most primitive device of this sort,
four elements are required: a Geiger tube, a power supply of a few
bundred volts, a simple amplifier, and an indicator - often in the
form of a headphone or loud speaker. With the exception of the
Geiger tube i{tself, all of these coﬁﬁonents also exist in any vacuua
tube radio receiver. In principle then, conversion of a standard
receiver to a radiation detector requires only the eddition of the

Geiger tube. .
- -5 Appendix "B"
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Many posaibilitiea for the mechanica of the conversion suggest
themcelves immediately. Perhaps the most attractive would appear .
to be a simple replacement of one of the audio amplifier tubes with B
a plug-in unit comprising an identical tube to which is attached tha _
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 contreol gfid,
with a suitable coupling condenser and a limiting resistor, the vholg e
arrangement mounted ¢n a standard plug-in base so that no 1nternalﬂl“
connections need be made. A slightly more sophisticated version miéhf‘"

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

In normal coperation, the effect of the Geiger circuit would dbe to
superimpose occasional "clicks"” - some 5 to 30 per minute, depending on
the size of the detector - on the normal receiver sigopal, providing a
constant monitoring of the background radiation whenever the receiver
is in operation. Any significant inercase in radiation level would
immedistely manifest itself by an ipcrease in the frequency 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 comstitute 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 radiation level would produce a
continuous series of clicks, or might even render the device inoperative
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(this last contingency could be guarded against by suitsble eircuitry).
An ordinary radium-dial watch held close to the Geiger tube would evcke

an immediate response and would provide a convenient method of checking '

the functicn.

It is evident that the Geiger counter device here concelived doea:'
not provide all the quantitative informaticn vhich might be desired in
case of a fallout attack elither in military or civilian situations.

Such information requires more sophisticated instruments and the inter-

pretation requires trained observers. On the other hand, in the presentﬁ
world situation, and for the immediately forseeable future, what is
requ;red 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 develeopment 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 available for all military radios down to company level, and
possibly even to platoon level. Conversion of civilian radios would
be equally straightforvard. Adaptation to low-voltage, battery-
operated cr transistor receivers can certainly be made, but would

probsbly present some complicatieons.

Reccmmendation;

Construction of plug-in inserts of maximum simplicity and evaluation

with a view tc widespread installation.

T. Lauritsen Appendix "B"
¢ -5 - ' IDA-ARPA S-1



B-5. MILITARY GEQOPHYSICS

Meteorclogy is an important input inpo the military equation and, by
this token, is 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. Also, much exists which has not
been used or even comprehended. Military meteorology available at the-
time, 1f used, could have changed Napoleon's cempaign in Russia; Hitler
neglected to profit by Kapoleon's lesson; and the same mistake was N

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

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

Today there is equally narrow understanding of the importonce of
military geophysics for future struggles. A detailed knowledge of rain-
fall, soll factors and the covering road net in future combet regions
may be just as important in the solution of the mobllity problem a3 o
mch-hoped«for breakthrough in drive power for vehicles. Systematic
study.or the local meteorolbzy of the Korean combat zcne, with fore-
casting techniques to predict whether or not the seccnd valley over 1is
fog-bound, or will be fog-bound in four hours, may well have changed
the ocutcome of engagements as well as indicating entirely different

tactics.
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The following sorts of information will be urgently needed in o

SEInL

future land combat. Mastery of techniques to get this information can

well spell the difference between victory and defeat. . jh.;A_ T

Indirect Bomb Damage Assessment

Knowledge of the optimum effectiveness of nuclear weapons in

casualty production requires a knowledge of what the meteorclogical

environment of the target area will be at time of strike. Atmospheric

attenuation in the target area will have a marked effect on the
effectiveness of thermal radiation as a casualty producer and, also,'

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

exposed personnel.

Use of Fhotography, TV and Infrared

To be fully «ffective, the above techniques being planned for
combat survelllance must take sccount 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 so in some cases as to make the equipment useless.

Meteorological Corrections for Sound-Ranging

Wind fields, water vapor content, and inhomogenelities in the

atmosphere have a sigﬁificant effect on the accuracy of bearings on

sl o7 sppentix "5"
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enemy artillery and weapons as determined by sound-ranging gear. Sound-

g

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

but the 1imitation on’ accuracy of location of enemy weapons depends upon

the ablility to obtain timely meteorocloglical data as well as to determine" .

DT

the influence of landforms and vegetation on acocustic ranging.

Meteor logical Corrections for Ballistic Missiles

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

such missiles.

Meteorclogical Data for Fall-out Prediction

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

the answers tc fziicut predizticn can be giveun.

Metecorological Corrections for Radar Accuracy

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

Appendix "B"
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medium. Further improvement of radar accuracy can be enhenced by more

accurate knowledge of metecrologlcal factors involved.

Meteorology for Army Air

Army Air although limited by size of aircraft, flight altitude nnd
range requires the same type of meteorological inputs traditionally '_
associated with the early growth of the aireraft industry. Much 1nter§s£
will lie in local meteorclogy rather than the synoptic type forecast
now avrallable. Landing fields will be rudimentary in construction; night _
cperations will predominete, end various kinds of seasing equipment carried
cn beard will be directly influenced by the atmospheric 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.

Gereral Meteorology

Much as bteen szld regarding the importance of zeteorology in weather
zcdification, in climetslogzr, in =astery of the Polar ard tropical en-
vironzents and im up,er atzwsplieric phenomena. The attack on the problex
of syntresis of the cany related pheaszens has been very spotty. There
arpears Lo te no central group concermed with un overal; understanding of

theze phenomena and thelir relation to military and cirilian requirexents.

Appendix "B
-9 - IDA-ARPA S-1



Recommendation:

The Department of Defense has a vital stake in meteorology and other
fields of military geophysics. The present unsatisfactory state of
wilitary meteorology 1s a reflection of the retarded and narrow scope
of unclassified meteorological research. An appropriate existing agency
should consult with L. Berkner and others closely associated with ad- -
vanced thinking in this field, to determine vhat 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 possibility of
trecking submarines or surface vessels by virtue of changes which
tkey produce in the water. These guggestions 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 -
disturbances of the water does not deserve more considerction in this
connection. It {8 well known that the wake of a surface vessel remaiﬁssz
discernable to the naked eye for long periods - certainly many minutes,
scmetimes for several miles behind & fast-moving vessel. It may be
presumed from this observation that some change which is introduced
into the water by the propeller must persist in a form wvhich may be

detectable at even greater distances with suitably chosen instruments.

One conspicuous change which is associated with propeller action
is the introduction of large gquantities of rotation, in the form of
“vhorls", or cells of circulating fluld. Dissipation of the angular
momentum of these cells occurs almost entirely through viscous forces,
and in such a relatively non-viscous fluid as water, such cells may
be expected to persist for a rather long time. An instrument designed
to detect small amounts of rotation in the water might then offer the
possibility of a specific indicator of propeller action, 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 - Appendix "B"
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We understand that some attention has been given to the detection
of this and other surface effects by both Canadian and U. S. 1nvestiga-.
tors, and that the results seem promising, although some aspects of the
phenonema observed remain obscure. These reports, together with the
puzzling observations referred to as Nidar, Chloe snd others, suggest‘ .
that we have much to learn about the mechanical properties of the sea. A
Quite recently, the ONR have underteken a major program in an effort -
to identify the importsnt areas for further work in this field. In -
view of the importance of the subject and the expectaticn of rapild
advances as more effort is brought to bear, we recommend that ARPA
keep abreast of these developments and be prepared to lend further

support to the program if required.

T. Lauritsen

J. Weyl

Appendix "B"
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C. PROJECTS AND APPLICATIONS

C-1. BALLOON ATTACKS AND OTHER NON-CONVENTIONAL WEAPONS

In various current studies the possibility of using fallout in a
retaliatory attack on Russia is consldered. The fact that vest-east
winds prevail is of great importance in this connectlon, but our know-

ledge of these winds, their seasonal shifts, local peculiarities, ete.,

is inadequate.

It i5 necessary to point out that the possibility, envisaged by
some, of using balloons, carrying nuclear weapons into Russia, encounters

great difficulties. For one thing, they would have to be released in f

g

Western Europe and it may be difficult to accomplish this during wartime
there. They may drift into frienily territory, etc. But they may

offer sozme possibilities in a prolonged war.

It is quite different should Russia decide to use this method of
attack and ccmbine it with other forms of attaqk. Such balloons,
carrylng perhaps megaton weagons, could be released in Siberia, or by
subzarines in the Pacific, reach the jet-stream and drift over the
wvhole of the U, S. and Canzda. They could be fused so that they sense
cities {by means of infrared), or other objects. They would carry self«
destructive devices; e.g., 50 that they detonate at least over the
Atlantic Ocean should they have failed to go off over the U. §. 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 impossidble to distinguish decoys from the real thing. Even if the
balloon were shot down, the wcapon could easily be fused so that it
would e:plode at any rate, st ony predetermined altitude, while falling o

to the ground. It is a cheap weapon. -

It is true that all this would obtain were we to use balloons
againzt Russia. Whot needs to be pointed out, however, is that we
have here anokhbx .. .. uce of the fact that many technological develOp-
zents of the last yeers give o greater advantage to the Russiens than
to ourselves, even if w¢ should have initiated the development. Ié 13 1.
clezar, for exam ;, . Lhe density of our population cettlements '
maves the U. S. far more susceptible to fallcut attosks than Russia
;s. A FULARIS-type Russian submarine force is =nother case in point.
The miniaturization of nuclear wearonz opens the way for the Russians
to use then. in sabotage and other clandestine cperations far more
effectively than we can ever do in regard to them. Clandgstine operations

against SAC, for example, deserve the fullest study; the presently-taken

preczutions egainst them can easily be nullified.

The purpose of this note 1s mainly to indicate that we should not
be exclusively concerned with the new features of future weapons systems.
We should also try to solve the problems offered by the unconventional
uces of existing weapens. I+4 must not be forgotten that some decisive
victories in past history, reaching far back into antiquity, were
gained precisely terause szome imaginative leasder thought of a surprising
use of weapons which in no way differed from those of his enemy.
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A balloon attack on this country could, taken by itself, never be
declsive. This is obvious. But with proper timing, and in combination
with other forms of attack, i1t could produce eancrmous 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
Japanese balloon attacks which were only a nuisance; but much has |
. happened since, and the whole matter has taken on entirely new dimensions.

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

forms of warfare.

Recommendation:

Balloon attacks and other non-conventional forms of warfare should
be quickly and most thoroughly explored with all the aid scilence can
offef, through work-study groups ccmposed 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. 8.

a. There is not enough 0235 in the world to Justify ocur
enormous nuclear power program that would sustain the future warld

eccnomy by burning U235 as a supplement to fossil fuels.

b. Utilization of resources demands that we learn how to burn”“

32- Uranium

effectively all of the raw materials - namely U233 and Th2
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
poinot where it can be duplicated on a large scale for general use
‘ is a long and exceedingly difficult technological Job. It wvill be
necessary to expeod substantial sums of money over many years to

accomplish this aim, no matter when the program starts.

4. 1In 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 eccugh emphasis to the development of breeder reactors.
Although scme work has been continuing in this area, the pation's
reactor development program does not have as one of its principal goals
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the development of successful breeder systems based on both wranium and '

thorium.

Recommendation: : o “ -

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

to develop breeders based on both uranium and thorium.

R. Charpile
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C-3. UNDERSEA BEACONS

During cur briefings ccnsiderable exphzsis was given to the problémén
of generating high-power scoustic sources for long-range propagation And.
ranging studies. It appeared that a valuctle contribution to these '.i"
general preblems might be made by the design of a high-power, unattended,

undersea acoustic beacon, whose output might be programmed.

To this end the following observations are made:

8. Of the possible energy sources which suégsst themselves, only _ju'h

storage cells and thermal energy from fission products have bees con-
sldered. One cannot, at this time, select betweea them for lack of

detailed knowledge covering the stcrage cell situaticn.

b. General Dynamice has done scme experiments on predecing
acoustical energy in water with a spark gap source. They have been
very successful achrding to information which has been received., It
soculd be pointed ocut that apparently similar exrericents at H&ods Hole

-Lave not been very succecsful.

bk in the Hanford and

e. Tke U. 3. is nov preducing enough Ce1
2avzanzh River plant wastes to power geveral hundred such teacecns rer
year according to prelimirary calculations. The ccrnceptuanl beacon
design which hzs beesn considered. has 3 useful lifeti=e of‘;he order of
2 few years. Other possible fiesion producf sources have not been
studied, although there are undoubtedly other satlsfactory rav materials.
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4. Using Ce ag a heat source, and using the required number of

copser-ccnssantnn thermocouple Junctions, it is reedily possible to pro-
duce 2 beacon which can charge esdequate capacitance in parallel and, on
command, switch the connections to series end discharge the stored

enerzy into a spazk.

e. On the basis of tke General Dypamics experiments mentioned above,
it =2prears possible to obtain the energy equivalent of 10-100 pounds of

T wita 2 repetition rste of the order of cne pulse per hour.

. The beacecms can and must be designed to be self-destroying undef“

certain predeterzmined situatioms.

T .
Lessible Ules

Iz 28d-tisn to the uses of such a sound source for survey and re-
zoorch purscses, the following systems adaptatlions suggest themselves:

2, .\ smeace-tize ald to surface and sub-surface pavigaticas. For
cim=ale, 2 subtzacipe mey use tic beacon for a secoandary revigzticn sys-
to=, and for the calfbration of other undarsea mcousticzl gear.

0. A3 a u¥ copacity coo—unicaticn link between a deep-lying

..*U5 submerine =2nd the conticeantzl U. S.
Je advance these systex spplications omly very tentatively.

A:cent inforoaticn communicated privately by Dr. Wiesner suggests
th-i it ‘s not 2 zajler problem to commmnicate to deep-lying subs from

tie U. 3. {Also see "BASSOON", Aszeniln T-5). The reverse Lini
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from sub to U.S. .# apparently still an unsolved problem. It is noted
that there are in ithe Pacific and in certain areas in the Atlantie,
SCFAR choannels, vy virtue of which 2 few pounds cf TNT equivalent
energy can be heard for thousands of miles. Accordingly, We concelve
of zn "I have hecrd you 2nd will ccmply with instructicons" signal beiné

the principal requ.rezent.

It is suggested that the submarine might communicate with the
cropesed beacon via 8 low intensity sigznsl, and the triggered beacon__
commuaicate with the shcre via a high intensity signal which the subrsjl-l _-
2150 hezrs; thus the sub zrows that its cecknowledgment of instructioné ‘ |

=-5 becn %tr-oosmitted.

swec2cmendzticns for Furiher Studles:

a. fh}éstigate the av-ilablility zod capaeity for production of

Celh“. (05 has been requested to investigote this =ztter nov.)

b. Investigate rossible preliminary designs of a fission product-

rewered sper source. This is underway at ORIL.

¢. Iavestigate the utllity of tke undervater spark as an acoustic
source. Tke Goneral Dymasfes and Woods Zele studies could be extended

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

4. Investligate tke extent to which POLAR:IS locations can communi-
cate with the U.S. via SOFAR chanrnels. Via Aubrey Price of the Havy,

Wcods Hole Laboratory has been reguested to make an exploratory
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investigeiion of 4n2is matter. Preliminary reports indicate a favorable

situation.

It is a relztively simple matter, once a design can be established,
to build a bottery-powered mcekup of the proposed beacon and make some
tects in the oceun. This weu'd be a straight-fervard and shert-terz

experinent for any of the estatlished lahoratories.

If these idezs appear valuzble to LOD and seenm feasible, it is

assuced that operztional use would be dctermincd by appropriate agencies.

R. Charple

G. P. Kruger
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C-4. NAUCRATES DUCTOR—

T -

Potentizl Purposes of the Weapon Systen

2/ TRt

To provide a uorine shield about U. S. continental shores, prevéhfiis B

penetration by enexy subtmarines to lecctions for delivery of IREM's an

U. S. cities =2ad zilitary installations.

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

operations.
To sweep thc ocezns of all unfriendly subrersibles and surface ships.
To attzci: unfriendiy shore installaticas from great distances.

To serve as a vehicle for charting ocean floors.

Veaicle

A very high-sceed hydrojet torpedo, powered by a small nﬁ.clear
reactor. Speeds 1llire 150 knots cr greater zre desired. The diazeter
of the torpedo need not te restiricted to the usual 21 inches, because
ejection from cenventlcnzl subzarine torpedo tubes is not essential.
~re puclear rezctor should be capable of operaiing for long periods of
tice. For duzl cepobility for both reccmnzissince and attack modes, 1t
zay be desirable to have 2 capability of a2ssezbling the reactor into a

srall nuclear e:plosion.

g/ Eerly thinz.ng on this subject was given in a Sandia Corperatiom
Technical Veozorandun SCTt 285 58(51) (R. W. Shephard)
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Jupperting Ecultment

2. A homing sonar with large dlameter transducer cperating at low
frequency, say 7 ke, capable of distinguishing submarizes and othefrenemy

submersibles.

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

possible decoys.

¢. A ccmputer (or control system) to:

(1) E:ecute homing 2nd disengagezent.

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

(3) Make fusing decisions for attack mode.

(4) 'Collect dota 2nd transmit messages for reconneissance mode,
and to execute required navigation for performing such transaission.

(5) Execute pavigation elong predetermined sweep paths, cr
target zpproach paths when used against shore installaticns.

(6) Respornd to cczmond centrol sigpals from control statices.

4. A navigetion device to execute sweep paths or predetermined
courses, except when interrupted by homing cperations, with czpability

of resuming sweep whena hominz is disengaged.
€. Suiicble transmitters and receivers.

f. Appropriate fus nz and safing devices for attack mode.
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3+ A sultudle seif-destruct device.

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

storage for needed electric pover.

Qgeration DT k
The écntrol of sweep poths and receipt of messages in the'reconnaig;.
sance mode may te executed Irom shore bases or marine pickets, Suitabl}
located to provide a parine shield about U. S. continental shores of‘td
intercent exit from unfriendl& éﬁore installations. Such locations méy- |
be widely se zrated, because the reactor hydrojet may presucably operate

for long pericds of time without service or replacezents.

Seforc actuzl outbreax of bostilities it is probably essential to
use the vehicle oaly in thre reconnzissance oode. Here several alterna-

tives ore arpareatly available. Two of these zlternatives cre:

a. Wken 2 subzarire is detected and homed upon, HAUCRATES nny
trcosmit a warning of the presence of the submarine and ccatinue upea

its sweep tath.

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

subcarine with intermittent transaission of warnlng messages.

During .eriods of high ris:, before hostilities, subzarine
aporoaches to our chores for delivery of IRDM's may be declared restricted

ocexn areas, and then the warhead option may be put inte effeet with U. S.

ot . Appendix "C"
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submerines protecied by “don't home on me” signals. Shore-based and

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

to make Lhe attack.

Taoe hazards of melfunction assoziated with the warhead opticn may
bte minimized by using the system in the reconnaissonce modes during the
early stages of development and operation. But it may be advisable,

~ eventually, to intrcduce the warhezd option.

Tre reccnnaissance vehicle may be integrated with long-range
listening operations, if the latter are effectively available. Then
RAUCRAZES 22y be sent over long distances froz listening stations to
suspected targets at speeds 5-10 times greater than other vessels or
subzcrines {excepting hydrofoil surface craft), with cepabilities of
investigaiing potential submerged targets not availsble by alrcraft
or surface ships. Airlifting to search area may be performed, if
needed., In either case, the search torpedo may be prograrmed or
ccxzand signaeled to return to tase, if tearch falls to yleld a target.
If & tzrget is located, it may be attacked by the search weapon, air-

craft, or by shore-or rarire-based missiles.

Randcom movement about predetermined 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
opercticn. If constont bearing navigation is used, the possible in-
creased dispersion of the search torpedoes at the end of the sweep path

- 195 - Appendix "C"

BRI IDA-ARPA S-1




m

will have to be acccmmodated by some dispersal of pickets and use of

command signals. Inertilal navigation, preprogrammed, may possidly be

used, since the eavironzent and response times required seem commen- i
surate with existing or near future tcchnology. Randon movements may

be superposed on the inertial navigation during the search cperation.

An employcent 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 detailed atudy

Internittent high-speed cruising and low-speed listening may and, per-
haps, must be used to secure for the search torpedo a substaatial radi@
of detection. Sonar search presents new problems at high speeds, par-
ticularly if the vehicle 1s traveling essentially in & bubble. If
extensive enemy submarine action is clearly indicated, large numbers

of search tdrpedoes ; preferably with warhead option, may be used to

sweep ocean approaches.

Naval task forces, including PCIARIS-arzed submarines, might obtain
long-range defense againct attaeking anti-submarine submarines armed
with missiles, by deployzent of HAIERATES in spiral search patterns,
and by sending th:a against possible targets identified by long-range
listening devices. In both cases it may be desirable to use the attack
option of the rs.omneissance vehicle. Also, NAUCRATES may be deployed
to sweur nine 7lelds, 1f the boming and sensing devices are asdapted to
this kind -~ attack.

- 15 - Appendix "C"
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As 31 last thought: 1t may be possible to use such a reconnaissanée_

torpedo to chart the ocean floors, if sultably ‘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 parameters and provide a'simpliried basis 'for

Judging the worth of the system.

Consider a sweep tetween two points, A and B, separated by a dis-
tance d, o5 indicated in Figure 1, and confine the calculation to a

plane configuration.

P d _

Assume that the enemy submarine follows the strategy of crossing
the sweep path at right angles with uniform velocity VS; Let RS denote
the lock-on radius of the torpedoc homing device; treat Rs as a sure
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muzber (i.c., not as a rendom varisble) and assume kill is 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 SR

vhere kill can te made is arproximately the segment CO  where

2Ry __
tc * o T T i

and the torpedo and submarine are taken to be moving ia the directidn“_
{ndicated. This subset of polnts remains the same, if the direction of ‘i

detection 18 restricted to the forward sem!-circle.

Then, if, at the time the subzarine starts to eross the sweep path
at a distance Rs froz the path, the pcsitions of the torpedo on it3
sweey path are equi-likely, the survival probability of the submarine

is approximately

2 "Evactly, %o the ces—ent CO must be zdded a line segment to the right

2 v

of 0, starting at O and ¢f length

, 2
Ty v
T T
y Rs v ; l- v .
. L\ s S !
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For N such ercssings, taken independently, the over-all kill probability -

PK spproximately satisfies:

—_— —_

: 2

; 2R v

(l-PK). L T s - T .
a v

Solve this equation for I to get approximately:

log (L - B,.)
R X :
2R V| R
log 1- _S8. T 1 .
v
eV

If the torpedo can travel 5 tizes as fast as tlLe enemy submarine (i1.e.,

v
T

— - 5}, RS = 5 npautical miles, 4 = 150C nautical miles, and systez
S
effectiveness 15 set at PK = 0.9, the required nunmber of search torpedces

is
= ioz (0.1 = 1 s 68
log (0.90 0.0185

For a sweep distance cf 30CC nautical miles the nusber required is

H= log (0'1) = 1l * 110.
log (0.98) 0.009

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

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

. S
quired for 1500 and 3000 nauticzl mile sweeps are 33 and 65 respectively.
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Thic simpie (very rough) calculation illustrates the significance aﬁd
approximate role of some of the system parameters. Relative velocity of
torpede and target submarine is important. The number of search tor-
pedoes required IiIs almost inversely proportional to v_'r,- also, approxi:-
nately inygrsely proportional to :g . (Intultion sugz§sts that system
effectiveness depends upon I, VT,
serves to indicate the nature of this dependence and to give appro:dmajte

v.,d and RS.) The foregoing calculation

values c¢f N for various values c¢f some of the obvious compcoent ;erfom-‘

ances end operational paraneters.

The numbers 63/33 and 110/68, for numbers of torpedces required to
kill 9 out of 10 attacking submarines, taken alone, do not provide com-
parative interpretations, excent perhaps to indicate that an effective

defense seems possible, assuning, of course, that components can e

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

. perforzances and the related receayrch end development problens.

Heovwever, more understanding of the potential of IMAUCRATES can be

cbtained by comparison with conceivable alternative defense systems

exzressed In compa.ra."nle simple terms.

Suppose that the dafense aga.inst submarines is to be obtained by
nlecing stationary, atomic mines along the sweep path, which have the
progerty thaf, if a submarine approaches within a distance RS to a nine,

the presence of the submarine is detected and distinguished from other
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objecte, the mine is detonated and has a nuclear yield sufficient to
destroy the submmrine. Then for a kill probability of 0.9 and for R8
equal to 5 and 10 nautical miles, the approximate atomic yields required
for the oines are 1.2 MI and 5.5 4T respectively, while the yield needed
for NHAUWRATES, if used in en attack ﬁode, would be in the very low '
kilotcn range. The nunmbter of mines needed for defense lines of length

d = 1500 and 4 = 3000 nautical miles are 135/68 and 270/136 respectively,

correszending to an Rs of 5/10 nautical miles. In these terms the_sgg;ch ;'

torpedo compares very favorably. For the purely reconnaissance mode:
this ccmpariscn may still e valid, and even more favorable, if the
pesitive detecticn radius of stationzry 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 pay be more vulrerable to destructionm.

Consider stiil cnother compariscm, by supposing that submarines are
posted urdervater in fixed positions on the defense line, and equipped
with a missile which can be fired out of the water along a ballistic air
path to an underwater target at remcte distance (e.g., sub-roc). If
the effective target location range is Rs nzutical miles, giving the
lerger defensive subzmarire vehicle the benefit of sufficiently accurate
target identification and location at the homing range of NAUCRATCS, and,
perhaps, using larger warhead nuclear ylelds then théfﬂff?&fffd for the
search torpedo, the number of stationary picket submarines required for

2 ki1l probability of 0.9 is the same as that for the mines. Again,
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the nuclezr-powered, hydrojet, search torpedo compares favorably, even if
the effeciive target location range of the defensive submarine is taken
as 2 Rs, becauce the greeter speed of the torpedo makes it potentially

a better reconnaissance vehicle.

None of the foregcing comparisons adequately establish the system
effectiveness of NAUCRATES, but they do suggest that it is worthwhile '_ :_
to undertaxe a detailed analysis of the system, by extending the con-

- P

sideration of relevant parapeters, defining both performance of caﬁ;; _
ponents and operatlonal characteristics. Alsc, integration of the o
wearon with friendly submarines deployed as defense ceaters should be
considered. Then the desirability, directions and extent of research
and developnent cn nuclear hydrojet, homing and sensing devices, com-

puters and navigation equipcent can be evaluated.

Suggestions for Further System Study

The foregoing simple calculations were mede for only ome use of
the proposed weapon (i.e., sweep along a defensive line) on a highly-
idealized basis, assuxming 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 and relative locations of torpedces con the
paths, with proper accounting made of operational difficulties. Also,
it is essential that comparisons be made with existing and alternative

systenms.
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Far exa.mﬁle, the enemy submarine may iiaten for the torpedo (undoubtedly
it will be noisy), decoy it to search avay from its location, and proceed
to attempt penetration across the defended area, which may put addiéiona;l;
requirements upon the detection and sensing equipment of the torpedo -‘;r,w
it may be necessary to deploy the search weapon Irom defensive aubmariné;
or shore bases equipped with long-range listening devices, and progr#ﬁ

the torpedo to search in a specified area.

The peacetime reconnaissance role of the system merits detailed study “ji“j
end evaluaticn as to logistic complexity (for glven effectiveness) in o
comparison with cther systems. Does the Iroposed systen provide a basis.
for constant defensive readiness which cannot be rrovided by present and
rropesed equipment, by seekins ocut and tracking subzarines for long periods
of tire? What 13 the value nf an extensive recornalssance system, vhich

<tself may furnish striking power to the defense?

There will, tndoubtedly, be interactions between the Parameters

described in the previous sectioa. For example, range of detection may
.decrease with torpedo velocity. Such interactions should be intreduced
into a study of contesting submeripe and torpedo strategies, so that
evaluation may be made of the des’red degree of increasing component
rerforzaonces. What advantages are. obtained from higrer and higher

torpedo velocities?
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Sugge=tions for Research

Regordless of the merits of the proposed reconnaissance and anti-
subtmarine defense system, certain areas of research are indicated, vhicﬁ
seem wortiwhile on general grounds. - .

8. Design of Nuclear Reacter Hydrojet Motor

Sorething like 15 pegawatts of thermal energy will be reqpiréd“ o
for speeds greater than 100 knots. It appears that about S0 liters of -
resctor volume will provide this power. | T:f

Considerable research on the design of the reactor pover plﬁnt-: ':"_f
apcears to be desirable. For the use intended, shielding is not N
essential. But high powers ard long running times are peeded. Studies
oen corrosion of reactor elements are required, particularly at the high
ruanirg tecperaturs which cey be enccuntered. How can the salts of the
sea be kept from deposition cn the reactor elements until emitted from
the Jet nozzle? Can sufficient pover be obtained in a reasonasble size
to drive the torpedo at 200 knots - the answer to this qpeétion appears
to be yes, but corrotorating research is neec 1. In view dt the tre-
zendous advances in reliable, compect, long-range propulsion systezs,
emphasized ty the recent dramatie NAUTILUS trip, it seems gppropriste

to initiate work on z2n untracompact resctor of the type needed for

HAUCRATES DLTICR.

b. Eydrodynamic Control
At speeds better than 100 knots, the degree of cavitetion will
be such that the torpedo may‘be largely traveling in a bubble. What
- 11k - Appendix "C"
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sh2pes may be used %o minimize the control problems? Can Jets be used?
How are suitable control surfaces obtained? These questions suggest

extcnsive hydrodynamic studies for very fast traveling submerged bodies.

g. Flov Noise - }12
At the sreeds contemplated, the domipant nolse appears to be
flow noise. Research on the flow moise assoclated with very fast travel-

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

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

body, what are the noise characteristics associzted with this cavitation? )

d. EHoming Mechanism
If sonar is ccotemplated for the hoaing device, which seems

lixely, many problems arise. What vibrations are imparted to the trans-
ducer? Caﬁ it operate in the presence.ot the flov and cavitation noises
assoclated Witk very fest traveling torpedoes? Must there be frequent
short intervals of low-szeed listening? Are the variations of flow and
cavitaticn noises sufficlently random to be integrated out of the return
signals received by the homing scnar? What size of transducer 1s needed
to give desired homing ranges? None of these problems appear to be in-
surnountable, but extensive research is needed for their solution, end
these studies should ve closely integrated with those suggested in b.

and c£. above,

e. Havigatien
The responce times required 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 exact characteristics will depend upon the operations to
be performed, and the possible functionming 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 componments need

to be studied.

In all of these research areas scme work has been donme, with
tke exception, perhaps, of the computer. BPBut the research effort
appears to need considerable extension. The Ordnance Research Laboru-
tory znd the Underwater Scund laboratory of the Navy are doing research
on Flow Noise and Homing Scnars. Areojet has done work on chemical
hydrojet for the Havy. But these efforts need considerable extension
to meet the performances proposed for NAWCRATES. Oak Ridge has done
considerable work on small reactors, but not related to salt water
hydrojets. The writer is not awvare of any research being done cn the
computer or the hydroedynamic control préblems of almost fully cavitating
bodies.

It is suggested that existing Naval contractors and facilities
be supported in extending their work to cover the research areas in-
dicated above. Ook Ridge may be asked to do work on the reactor.
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Snecific Recommendaticn: SR

The most advanced thinking at AEC pational laboratories and elsawﬁefa
on ultracaapact reactors should be sought out by the appropriate a.gency !
and used to maie preliminary ccaceptual design studies of a 100-knot to w
250~knot hydrojet torpedo, with a view to early initiation of rurther )
appropriste supporting research and evaluation of a weapons system bu.ilt
on such torpedces, for an antisubmarine shield about the U. S. and for '_ _

other military purposes.

Ronald W. 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. Christofiloas, 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, Sandie Corporation
~ Albuquerque, New Mexico

Paul Garabedian, Professor of Matheratics, Stanford Unlversity,
Stanford, California (kindly re-
leased for the time of this study
by tke Office of Haval Research,
London Branch, with which he is
at present servirg on leave from
Staczford)

- llarvin Goldberger, Professor of FPhysics, Princeton University,

Princeton, lew Jersey

Rotert Joyce, Asgociate Directnr, Central Research Departzent
Leboratory, Experimental Station,
E. I. du Pont de Nemours and Co.,
7ilmington, Delaware

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

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

. Carl 3. Marvel, Professor of Che:.is'gzv, University of Illinois, -

Urtana, Illinois

IMickolas Metropolis, Profeesor of Mathematics, Institute for
Computer Research, University of
Chicago, Chicego, Illinois

Osker lorgenstern, Professor of Economics, Princeton University,
Princeton, New Jersey
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Dr. Isidor Perlman, Professor of Chemistry, University of California,
Berkeley, Californias -

Dr. Frederick Reines, Group Leader, Los Alamos Scientific La'boratory,
Los Alemos, New Mexico

Dr. Fonald Shephard, Professor of Statistics, University of Calirornin, ‘
Berkeley, California .

Dr. Marvin Stern, Assistant to the Vice President; General Dynamics
Corp., 445 Park Avenue, New York, K.¥Y.

Dr. Samuel Trieman, Associate Professor of Physics, Princeton
University, Princeton, New Jersey

Dr. Frederick Wall, Professor of Chemistry and Dean of the Graduate
School, University oz Illinois,
Urbapa, Illinois

Dr. Kennet: Watson, Professor of FPhysics, University of California,
Berkeley, California

Dr. Jokrn A. Wheeler, meessor of Physics, Princeton University,
°  Pripnceton, Rew Jersey

Dr. Eugene P. Wigner, Frofessor of Physics, Princeton University,
Princeton, Hew Jersey

Dr. Themas Ypsilantis, Professor of Physics, University of California,
Berkeley, California

Participants from the Deparizent of Defense
Dr. Picherd Veiss, Acting Chief Scientist, U. S. Army
Dr. Joechin Weyl, Chief Scientist, Office of Haval Research
Col. Taylor Drysdale, Division of Adverced Flanning, U. S. Air Force

Dr. Orr Peynolda 0ffice of the Assistant Secretary for Research
’ and Engineering
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D-2, BRIEFINGS

The following 1ist is based upon the advance 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.

1k July OPENING SESSION

Remarks by Mr. Roy Johnson, Director, ARPA; Maj. Gen. James McComck,ﬁ
IDA; Dr. Albert G. Hill, WSEGZ; and Prof. John A. Wheeler, Princeton.

Key Defense Problems - RAdn J. T. Bayward, ACNO (R&D)

ARTISURMARINE WARFARE

Rhdm 2. E. Weakley, ASW

USH Operational Czpabilities

in ASW nezadiness

Task Force Alfa Operations - RA¢m J. 5. Thach, Cozmander TFA
ASW RXD .- Cdr C. E. Bishop, CHR

Proposed Approach to ASAH - Prof. F . Hunt, Harvard

(a)sc VAdm 4. G. Cooper,
VAdn F. 1. Watkins, Dr.
Paul Siple Cegpt lichard

Holden)
15 Jurwr
AFPA Progran - Dr. Herbert York, AFFA
Problems of !National Defenze - Dr. A. G. Bill, WSES
Issues Fecing Arcy PRD - Dr. William H. Martin, OSA RXD

Hou CA MASSIVE QUAITITIES OF FUEL BE PROVIDED FOR FIELD USE

Future Army Organization and - t. Col. W. K. Benrett, ODCS,

Requirenent for Army

Superior Cnergy Sourcec - Col, €. W. Tlark, Chief of OFD
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16 July R

Hajor Issues Facing Air Force - Mr. Richard Horner, SAFTD

R%D

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

BALLISTIC MISSILE AND ADVAI'CED PROELMMS

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

17 .Iulx

£4r Defence in an Electronics - ¢dr Joha G. Fisher, WSEG
Countermeasures Environnent

iluelear Icebrezler - Dr. Allen Vine, Woods Hole Lab.

 SUBIARTITE COMLTTICATTON

POLAUS Communication Frotlex - Capt. J. D. Veazey, SP Project
TA/SSK Communication and - Capt. R. C. Lynch, Cmdr.
identilication 5D Group 2

Lo Julsr ARY CGEAT SURVEILLAUTE ATD SOOI ICATICIS

Aray Comrmnications erd Target - Col. feorge Wertz, USACSA
acquicition

Critical Pequirerzents, World-wide - Mr. Cliffor2 D. lMay, SIG
Comtmurications

Cormnicetions L a doblle Afmy - Mr. H. Parner

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

t2 Commmunications
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21 July

MEN TIi BATTLE

Battlefiezld Surveillance and -
Other Urcent Problems

Experiuerta) Development of -
Tactics and Doctrine

Corbat Simulation, War Gaming

Humrn Foctors -

z2 July

Urgent Frobleas of Army Basic
fzcearch

Lt. Gen. Arthur G. Trudeau,
CRDUSA

Brig. Gen. Gibkb, CDEC

Dr. Phillip Lowry, CRO

Dr. Lynn E. Baker, OCRD

Dr. Ellis JSohnson, ORC

Ed FOXNS OF WARFARE

Cd and 3W YUses -
Psychechenical Agants and -
Antidotes

Special Davices -

Zo Julw DEFEIISE

D e

Zardeninz; Sustzinad Capa- | -
Tilitles; Dicuperation

rront U'noolved Protlen: of -
CIlvilion Defence

i Necearch Adequate ir llon- -
titlitary Defanca?

A Tyl L7PA PROELZMS
Suaece -
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Ma). Gen. W. 14, Creasy, CWS

Dr. Silver, CW Laboratories

Dr. Tten Prowvming pad Dr. Daviad
C. Willfams, Sandia Corporation

Dr. Jermas Kann, Rand Corp. (with
Dr. A. J. Clar¥, Dr. L. D. Berkcvitz
ani Dr. E. Rowen)

Dr. Lourit=zzz Toyleor, National
Academy of Sciences Comittee on
Civilian Tefense (with Dr. Richari
Park and Dr. Skez Kruegesl)

Mr. Gerhardt Plefken, NASCCD and
chn Hancock Mutual Life Incurance
Company

Mr. David A, Yourg, ARPA
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Prabliz o Defezoite ilse - TIpte Te 3o Lathran, o~ 3
darl-ce

Ted Propulaliza amd 2 - Cir L. V¥, Bovwell o i
Cozeoents Prexesderger, 208107

~1 Julv RUATTAS 0 TErmnTT

The Early Warnliszgz Trat.en - or. A. 3. EilL, WSTT

Jegionriscenee amd Zarly - sr. moan B Vo Tl
Warnlin- Carp., Mar=., Rez, 7 20l
Szecizl Tiles - Yr. A, fhArist o file 7 T

=hgratory, Livemo

Pepor: from AT Wools Dole Group - Prof. F. Seit:z, Ui
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