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FOREWORD 

IDA was asked by the sponsor to undertake the leadership for a task to assess in various 
countries the state of the technology base of potential use in military weapons systems. This 
report is submitted in fulfillment'of that request. 

The draft of this report was prepared for IDA by: 

Leading Technologies Incorporated 
1611 North Kent Street 
Arlington, Virginia 22209 

1bis report presents the findings of a team of experts assembled under the leadership of 
Oarence A. Robinson, Jr., President, LTI. They include: 

Supriya Otakrabarti, Ph.D., Senior Fellow and Principal Investigator, Space Sciences 
Laboratory, Berkeley 

Wayne P. Gagner, President, S&W Associates 

Kenneth Jordan, Ph.D., Vice President/Chief Scientist, SAIC 

R. Norris Keeler, Ph.D., Consultant. 

Based on the guidance of the sponsor. the team of experts visited, at times with IDA 
representation, selected companies and laboratories in Israel and Europe to evaluate their 
technology base. The United States Embassies in each country were notified by the 
Department of Defense of the visits and that the visits would on an informal and unclassified 
basis. While the embassies were not asked to provide assistance, nonetheless they did provide 
assistance in varying degrees. Their assistance is appreciated. 

At each company or laboratory, the team briefed the attendees on the purpose of the 
discussions and provided a nondisclosure agreement stating that the information received was 
for U.S. Government. use only and would not be disclosed to U.S. industry or others. 
Therefore, to assist in the distribution of this report, the material has been screened by LTI 
to exclude company proprietary information. The excluded material is available to U.S. 
Government users through the sponsor. 

The draft report was originally prepared as a briefing document and used in a series of 
briefings presented by the team to various offices and agencies of DoD. Subsequent to the 
submission of the briefing document to the sponsor, IDA and LTI revised the document to put 
it into the more conventional format herein. 

ill 
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SEcnONI 

INTRODUCllON 

A. PURPOSE OF TIDS REPORT 

This report describes in scientific terms the technological details of basic research and 
development program thrusts in lsrae~ and selected European allied nations with possible 
applications to U.S. Department of Defense (DOD) programs. both tactical and strategic. The 
report is organized to provide a comprehensive critical assessment of technologies relevant to 
the new North Atlantic Treaty Organization (NATO) initiatives, Nunn Amendment programs and 
Strategic Defense Initiative (SDI) Organization (SDIO) programs. 

The report avoids an analysis of policy issues and problems arasmg from technology 
transfer, security and SDI allied parc;cipation. It concentrates instead only on technology 
facets of allied programs and seeks to provide a benchmark against similar kinds of technology 
already in development in U.S. industry and government laboratories. 

Technology assessments covered in this report are based on visits by a team of physicists 
and engineers to the research laboratories, production plants, and test facilities of 52 
companies. The report encompasses data from technology assessments based on a schedule of 
28 days available for the suJVey. This schedule was structured to provide a technological 
overview and to obtain data to enable identification of efforts that should be further 
investigated in detail for support by joint U.S.-Allied developmental programs. 

This report highlights technologies that could materially aid the DOD in drawing together 
the alliance in joint programs to provide synergism from technologies on both sides of the 
Atlantic. 

B. SCOPE 

Assessment and analyses in the technology report are divided into the two tasks that are 
identified in the modified contract for this study. The first task calls for identification and 
assessments of those technologies in Israel that are r~levant to the spectrum of SDIO 
programs, with possible spinoffs of those technologies for tactical developments. 

A second task in the study is to assess and analyze the technological contributions that 
each of six nations--West Germany, France, The United Kingdom, Italy, The Netherlands and 
Denmark ·-(;OUid make in joint research and development programs in concert with NATO 
efforts. Visits to these latter two countries were not part of the study contract; however, 
several visits were made to investigate unique "targets of opportunity." 

The team visits in each of the nations involved were structured to interface with 
engineers and scientists. not marketing or management personnel. Emphasis also was placed 
on visits to industry, with some laboratory exploration. Visits to national laboratories were 
generally as a·· result of personal contacts by team members with laboratory physicists. Such 
visits were usually scheduled after working hours and on weekends. 

(See Attachment XL, European Laboratory Technology Assessment.) 

Technology tends to be generic in nature with the application often across a broad 
spectrum of programs. In approaching the assessment, team members were instructed to orient 
visitors so as to obtain first-hand data from observing t~ technology and through visits to 
those directly involved in developmental effort. Each team member was instructed to avoid 
asking for SDIO·related technology data in the European nations, relying instead on possible 
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tactical programs. but keeping in mind SDJO spinoff's. The reverse was the case in Israel, 
where the team sought to avoid tactical programs. unless there were spinoffs that could be 
SDIO·related. 

None of the nations visited is proficient in all of the technological areas investigated. 
But some nations have demonstrated capabilities in many areas of technology that team 
members found surprising in scope and depth. Even more surprising was the rapid rate at 
which technology is advancing among the allies. in some areas faster than progress in the U.S. 

In assessing the allied technologies, the team generally oriented its inquiries along four 
areas of investigation: 

o SurveiJlance, radar, and command, control and communications 

o Armor/Anti-armor technology 

o Directed energy weapons 

o Sensor technology. 

Developmental efforts were discovered in most of the nations that related directly to 
technologies, products. architectures, integtation, operation~ and joint programs for theater 
ballistic and cruise missile defense, air defense programs and conventional defense initiatives. 

Interaction between European nations and industry in ·development consortia was obvious 
throughout the assessment. In general, allies act together in developing military systems. both 
within Europe and in interfaces with Israel. Sharing tile development funding load is a 
prerequisite in almost every major weapon system development. as is subsystem development 
where nations and companies excel in specific areas of technology. 

The on-site assessment ac.complished by the team members is contained in this report. It 
includes: 

o Surveillance, radar, and command, control and communications 

Israel. There is a totally integrated effort in systems development throughout 
the nation. Eectronic combat is an integrated system, not separated systems 
for the Annyj Navy and Air Force. This includes from design phase electronic 
countermeasures, electronic intelligence (SIGINT/COMINT) and radar systems. 
Programs where important technology was identified include Elbit's 
programmable signal processing with VSLI aS the basis for all development, and 
integration of surface acoustic wave devi._ces with hybrid VSU for signal 
processing at RF. Command, control and communications technologies are 
unique in Israel in terms of pace and integration of components into systems. 
The technology is in some instances more advanced than in the u.s. An 
example may be found in tactical spread spectrum systems that are not yet 
operational within our DOD but are already fielded in Israel. All levels of 
electronic warfare provide secure comrnunkalions with developmental programs 
at companies such as Tadiran in HF, VHF, and UHF providing secure 
operations for all levels--sbip, aircraft, tactical forces on the ground, and 
co.mmunicarions centers. 
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o Armor/Anti-armor Technology 

Israel. SOREQ is developing electron beam discharge plasmas to accelerate 
projectiles to hypervelocity using existing guns. This research should enable 
scaling to larger caliber projectiles at velocities of 2 km/sec., and is known as 
electro-thermal technology. Dr. Kaplan is conducting the research in this 
project. Rafael is developing and deploying reactive armor and pwsuing more 
effective shaped charge designs to penetrate armor. There is close 
collaboration with MBB in West Germany, where tests have been conducted on 
captured Soviet-built armor. A sliding sabot armor penetrator also is being 
developed that increases operational effectiveness through very clever 
engineering. 

Israel Military Industries is developing a ramjet propelled anti-tank missile, and 
is conducting research in several programs that could relate directly to SDIO 
ltinetic kill vehicle weapons. Another concept in Israel is called Porcupine 
which disrupts penetrators and shaped charge implosion. Israel is the largest 
exporter of kinetic energy weapons in the Western world. Rafael also has 
developed a new self-forging tank penetrator. 
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o Directed Energy Weapons 

Israel's Negev Institute lead azide short wavelength lasers are being developed 
for space-based communications to submerged submarines for bellringer 
applications. The ~~~ operates at 462 nanometers. and cou-id be deployed to 
from an F-15 fighter · similar to the U.S.A.F. anti-satellite rnfuiature homing 
device. 

Hebrew University has a . c·oncept and has conducted some srudies on 
wigglerless FEL Excimer laser research also is being carried out with a 
variety of applications including chemical kinetics in reactions in the excimfr 
medium. EI-Op is conducting research wittt high~powered carbon dioxide lasers 
that are sealed off, and developing laser radar tactical we.apons with an 
.increase in wall plug efficier:~cy of a factor of two. -
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o Mirrors. (See Attachment XLI. 

o Sensor technologies 

Israel. Work is in progress by Soreq with a new compound, MZT at 3·5 or 8· 
12 microns for increased reliability, sensitivity and shelf life. Ano.ther infrared 
technology development is Mercury Cadmium Telluride up to IG-in. diameter. 

Plasma detector work is being done by Rafael to develop radiation hardened 
arrays against microwave radiation. EI-Op is developing visual optics for night 
vision and unaided visual optics. Tadiran is working on an area of passive 
radar to detect and classify a single pulse signal. 
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C. CHARTER AND OBJECTIVES 

Durio& the period that this work was iD the pluoiJsg Sl$ SCYeraJ changes were made 
iD tbe scope ol work aad objediYeS to be met. Debys iD ca.rrying out the wort were, for 
the mOlt put, due to two reasoas: 

The oripal schedule wouJcl haYe required tbe fact f&DdiDa trip5 to be doae duriag 
the &&me time period as the Geacva SWDIDic talks. Tbere wu lOIIle c:oac:em that 
the outcome of the IWDmil llli&hl aft'ea the ~cope of wort. aad thM the praence 
of the team iD Europe durizl& the talks micbl be IUbjca to misuDclentudi.oa aDd 
pRSS exploitaaioa, Therefore the trip5 to Europe aad Israel were delayed ~ 
moalht. 

The oriciuJ scope Ududed Japua. Howeftr, there were 5VCCCSSive cSdayl iD 
scbcdulia& a .wt to Japu to tbe poiat tlaal tbe requirCIIlem to iaclude Japu was 
dropped. 

As a IUUk the fmal 1cope aad objectiYes were &lipdy difl'erCDl for lsrad aad Europe. 
While iD both cues. the team wu to be alert to uy mi1iaariJy rdcvut tccbolosie& iD wllida 
our allica cDibiced atroe~~ ~ the emphasis iD Israel wu oa tkalre belljstjc: m:isaiJe 
defeose aad by cxteasioa SD~ aad tlae emphasis iD Earope was oa apsradiDc NATO 
ClOGVeJilioaal defeose, NATO iaitiaaiYes. aad poWble NDaD Ameadateac cooperaiM efl'orU. 

The ~ objectiYe$ wac. to ideably poteecial areas of iDduslrial con.bontioD aad 
joi.at researda ud to aucu the wiDinpeu to cooper11c. 

It sbou1d be DOted thll, willa the teaa Yisit.iDt S2 differeac otpnizatioos iD 6Ye 
couatries iD oae four-week period, tbe team wu DOt able to ao iDto flail depda oa aD items. 
Therefore the reGOmmeadatiou are for further ezplonl.ioa ol 1pecific cooperatiYe 
opportua.ities ;deacifted, 

D. ASSESSMENT CATEGORIES APPUCABLE TO ALL TECHNOLOGIES ASSESSED: 

C'.ATEGORYI 

CATEOORYD 

CATEGORY QIA 

0 SOUDd tcdaaolosY, btlt bdaiDd IUCo-d·tbc-art. 

CATEGORY QJB 

TH ewhaatioe ud wip-ent of teclaaolopa to U IIMCWeat CIIICF'J by eM teua 
"' lwed eMireJy upoo ~~~e illloreMioe a..t ct.ta prcMded by t~te ..no. COIBpMies ne 
leUI did aot .U:e u in ilepe.-.c ¥erificltioll of tbe ialonaatioa recei\'eCL Data c:iled Md 
fiprea praealed ill tbe report are u ,.._ by tbe ..no. c:o.puieL 1k lltacJunenb to 
die report .re 8Mdiled ftl'lioa& of -~ the tea. eoiJec:tecL ney u.e beea aeJec:lecl 

1·7 



I -
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SEC110Nm 

ISRAEL 

A OVERAlL ASSE'SSMENI' FOR ISRAEL 

o Military tcdmolo&Y driYal by Israel's peodiar threat and economic situmon 

Tactical orientation to IDOIC efforts with the poaibk crception of anti-tactical 
ballistic mis1ilC:s requil:q '"Jtntqic" approac.hcs 

Tcdmolo&Y baxd on cmapolations of U.S. equipment and ideas 

Developments oriented toward particular thruts 

Good research but laboratory gpabilities 'ftak (with a few exceptions) as well 
as 'ftlpOOS codes 

o Asarault 

Much Israeli fidded dectrooic watflrc: and conununicadons equipment *ad of 
u.s. fielded e~ 

Stratqic Defmle IDitWiYe Uldul technolot.Y il a falJout from their tac:tical 
c:fl'ortJ 

o Israeli iodustJy coordinated with the MinistJy of Detente 

A voids duplic:ation of etrorts 

Transfer of threat data and doctrine to all required companies 

Extc:nsivc: use of reserve military as desip erlfPneers and operational analysis 

8. ISRAEU CONVE.NTIONAL TECHNOLOGY ASSESSMENT 

l. Annor/Anti·Armor Overview 

o First dixovery of "active" armor (with MBB of Germany) 

o Strikina succeues in pro~ Jsrldi arr.\occd ~hJdc• ,.alnst shaped dwac:s 

o Prldical oric:ntation 

o Oriented to present threat 

o Quiet to adapt concepts for practkal me 

o Continuous uppadina (in tests) ol Israeli shlped chuFs 

ID·l 



Israel has some capability in vulnerability and lethality sructies. These are oriented to 
tactical rather than strategic .systems. 'They work with MBB and otber European defense 
conttactors in their procurement of shaped charges. penettaton and active armor. The final 
designs of armor and munitions are hfahJY sensitive, of course. 

2 Command, Control, Communications and Intelligence and Electronic Combat 
Overview. 

o A full spectrum of state-of·the·an communications equipment is available 
including dfajtal. aecure, frequency bopped, adaptive high frequency, and 
theater nodal networks with combined graphics or imagery, data, and voice 

o Components and subsystems utilize high technology intluding 

2 u /12.000 pte very large integrated circuit 
fast programmable signal processors 
state-of·the·art surface acoustic wave devices wed u filters, delay Jines, 
and convolvers 

o Airborne and surface systems provide ac:curate direction and identification 
within 1 dearee direction of arrival (l.S • 30 MHz HF band) 

o Systems are pre-engineered for ECCM capability and ue compatible with U.S. 
DOD airborne and ground standards (i.c:. 17SOA,1SS3 DATA BUS) 

o Some systems are form·fit improvements on U.S. equipment 

o Excellent fundamental and applied software research 

o Most capable, lowest cost illtraRd detectors 

o Unique, standard uchitecture acroa Israeli industry of signal pre-processing at 
radio frequency usina SAW devices 

C JSRAEU SDI·REl.ATED TECHNOLOGY 

1. Surveillance Acquhition nacJdna and KiJI Assessment Overview 

o UttJe or no overall JYStems capability but some innovative r~ on specif:it 
elements which could be significant 

New, harder more reliable materials for infrared sensors 
Hard microwave or millimeter wave imaaina array using plasma detectors 
Tunable lead salt Juers for heterodyne detection 

o Some SDI applicable technolOIY u fallout from tactical efforts 

Adaptive, intelUaent imqe processma techniques for tuset tracking and 
feature detection 
flexible, fut, proarammable sipW proceaor 

2. Battle Man11ement/Command. Control and Communkations 

o Raeuch on rtaoroussoftware method 

ID·l 
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State chart formalism for aencration of specifications 
Correctness usina formal methods of mathematiallosk 

o Continual upsrade of systems to provide fast reaction indication and warning 

Tri·modes of: threat indication, carrier weapon detection. and point 
defense 
ExtensiYe EW. and force mUltiplier apabilities in tactics and equipment 

3. Directed EnerJy Weapom <>w:mew 

o Excdlenr pulsed power, power conditionq effort 

o Innovarive FEL effort 

o Calculations for nuclear pumped X·ray laser 

Not as thoroqb as I..awrence Livermore NatioMI Laboratoty 
Lact of radiation·hydro capability and nudear pumping limits project 

o Vulncrability,lethality capability 

o Detonation pumped laser (PbN3) calculations 

o Neutral; E.-beam not pursued 

0 Good analytic capability 

o Point defc:nx - tadical ipplications 

The lsradi pubed power and paRr conditionina is limited in scope to laser. cydotron 
nauers. and rdatMIOt dec:tron beam lppljcations. Althoulh the current scope is nlt'I"'W, the 
pulsed power work il first nte. Pube power also consriNtea a technoiOI)' base for rail guns. 
chafaed or neutral particle beams JbouJd 1srad chooee to conduct work in these prosrams. 

There are a number of interestfna Free EJeetron l..aler concepts beina initiated in Israel. 
One ot the more promisinc is the IO<alled "wiglerlesa" FEI... providina for 1 weiaht and cost 
reduction. T'h.IJ idea would eliminate 1 lllbltantial metallic component of the FEL. providinJ 
for a wei&ht and cost reduction. The unanswered question b whether the luer can IC8Je to 
hlaher currents. 

The lsnleU AEC (DfmonaiBeer Sheva) Is acUYcly pui'IUinJ a number of X-ny laser 
options. The nudar pumped X·riJ laser runa tn parallel with radiation transport code 
development, but the USDOE X·ray later prop-am is more advanced. SeYenl other promisina 
ideas are also beq pursued. indudq coherent radiation from thannded e-beams in aystals. 

One of the more interatina laer projects is the proposal to buiJd 1 chanica~ later (in 
the visible) operatinc from detonation products. There are substantial difticulties with the 
practical realization ol this idea. but it it could be done. both stratqjc and tactical 
implations would be enormous. 

4. J<Jnetk Energ Weapons 

o DcYdoped as fallout of antHank raearc:h efforts 
0 Larte foreip sales market 
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D. SOREO 

The SORBO and the Dimona/Beer Shcva facilities arc the equivalent of our Los Alamos, 
Lawrence LiYermore and Oat Rid,c National Laboratories. The SOREO center runs tbe full 
nudear pmut of attivities from engincerin& administration and oon-dcsttuc:tive testing to 
electr<HJptics. pulsed power, process ~ and c:.hemistry and nudear ~ch and 
safety. This ia the technology base rCCJJired for DUdear weapons ~ and fabrication. The 
facility operates an atensivc contract research and development prop-am. with contracts let 
to scientific services- prototype and small 5ale production. 

SOREO is toll~ much of the technolou which has been ~loped at Oat Ridge, 
LM:rmorc, and l.a Alamo&. 'Ibis abo indudcs the ux ot Iuers. pioneered in the US to 
investipte the properties of radiadve sbock fronts. anlloaous to thole which oc:au in nudeu 
explosive detonation. There is also atensiYe work beq carried out in bask materials 
preparation: components and devices and pubed powe1 to e-beams and hish eoc:rgy lasers. 
Radiation technoiOIY inYolves use of flash X·ny radiosnphy ipplied to destrudive testing. 
This is required to diJpose tbe propess of the implosion of nuclear aplosM:s. AIJo there is 
an effort in dJIIf'OSis of r~ eftecta on biological systems. includins pmon.nd, radiatiotl 
safety and tbe application of trancers. Ourent density tedmolosies are also exploited here, 
as is radiation ehenUsby wbidl is c:ooc.aned with the pr~ of various nuclear fuels. 

The capability of SOREO to support SDIO and nudur technolqpes is almost an euct 
parallel of the apability currently elistq at our National Laboratories. They .-e studyina 
new optical radiation sensors, bardeJliDa ol composite materials. and haYe proposed a m1mber 
of x-r., taler tcbemes wbicb can be either c:onventionally or nudear pumped. ' 1bey are 
srudyina dama&e medwlisms couplq spallation and frlgmentarion: met atmospheric detecticn 
and the effects of turbulence. radiation propaptjon through plasmas. ion sources and optics 
for directed eneqy wapons. and dqradation of detector and electronic perlormanc.e in the 
nuclev space environment. They ux the same types of lapancian hydrodynamic codes using 
elastic-plastic deformation as are used by the Department of Defense and the Department of 
Enef¥y. These, of course. find utility in studyq the implosion of nuclear devices as weD as 
studyina spallation. 

Their high explosive and laser workers haft some interesti.na ideas in lUing detonation 
producu u a source of c:rdted apecies for lasina. One very attract'M proposal is the use of 
lead azide to produce i!Mrsions in detonation produced lead atoms. This idea is a first of its 
kind and bears further investi&ation. 

The uae of the plasma and detonation codes to model the performance of hyperveloclty 
JUDS ia also a very fruitful ide& In addition to thla work, they are aJso lookiftlat some new 
temicondUdor materials: a lead salt for a tunable dJode laser, and mercury zinc telluride for 
IR detecton. 

They are still hampered in beq able to detian and produce fusion w.:apons or other 
more complicated devices utilizing fusion and fisaJon in the same confiluration. AJ far as 
nucleat technoiOSY ls concerned the Israelis ue rouah)y where the U.S. IS in the fission 
weapon field in about 19SS to 1960. 

It should be noted that the Israelis are deYdopina the tind or codes wbidt ril enable 
them to mate }1)WoteJ1 bombs. That is. codes Which detail ftssion and fusion procesxs on a 
microecopic and rnacroecopic leYel However, it is daubrful they haft the codes to completely 
daian such devices. IS these involve m<ft aodc radiation transport and are multidimensional. 
The Isndia do not yet h.we the aplbility to any out tbele kinds of calculations. 
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SO REO 

o Nuclear technology. weapons. nuclear power 

Analasous to Lfvermore • LANL • Oak Ridae Laboratories 
Weapons design extremely c.onservatiYe 

o Plasma physics department 

Devdopq tbe radiation transport codeH1ydfoten bomb capablity 
X·ray laser studies 

o Solid state lasers • dedro-opdc:s 

CAJEGORYI 

Solid state detectors 
VUinerability, lelbality 

0 Lead azide. short ~ c:hemic.ll latcJ • unique action from detorWion 
products (NEOEV). PrOYidcs inca.e pulse of bluc-treen liahl at appropriate 
WIYdencths to provide bdlrqer lor deeply submcqed stratqjc submarines. 

(BMIC3, SDI) (See Attachment R) 

o EJed:rotbenul accderatioa ·simple retro of~ 
platforms to prcMde bypendocity kinetic eneru rounds. 

(ATBM, ARMORIAN11·ARMOR. TACI1CAL MUNJ110NS. SDI) (See Attachment 
W.) 

o Mercury Zinc Telluride dd~or work • provides lq shdf life to lP. detector 
capability (by a factor of S) 

(OPTICS, SA TKA. BMJC3, SOl) (See Attachment IV.) 

CAIEGORYD 

o HaCd'fe Larae diameter detectors (10") 

o Lead salt runable diode laser 

CAIEGQRY IDA 

o Nuclear explosive support work 

= -- nm 



SQREO H«Zpie 1R DEIECIOB 

SOBEO Nuclear Research Center is conctuc:tq reteareh and deYelopment with the applicadon 

of Mercury Zinc Telluride to infrared detectors. The variation of lattice CONtant II depicted 

in the compoation as IIDOUntl of Merau) and Zinc are varied in the .Uoy. This lattice 

parameter determines sensitivity • a pen nvelcnath-
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SOREO HgZnTe IR DETECJl)R 

Jsraet•s SOREQ nudc:ar facility is developing IR detc:ctor materials with increased sensitivity 

and longer shelf life using Mercwy Zint Telluride, HgZnTe. Note that the band gap changes 

~ as a function of composition. Ov.:rlap is observed at lower Zinc concentrations, 

evidence that the transition is made from semiconductor to metal. Varying the energy gap at 

given temperatures increases detector sensitivity. Note small graphs at right, illustrati~ 

intensity as a function of angle. The peak is caused by X-ray diffraction from the surface. 

This is associated with the lattice parameter. 
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SOREO EI.ECTBODJERMAL GUN 

Electrothermal Oun Schematic dlasram depicts the SORE9 electro-thermal gun used in 

laboratory experiments. The aun wes etedrical enefiY to vaporize an ablati"4 material, 

Tenon. converttnc '' into a plasma jet to propel projectila at hypervelodtJes. Hydrosen from 

either water or parallin at the projectile bile is used to propel the round seated by the 

plasma jet It is believed potlible to ICale this tedtnoiOIY concept from the present .SO 

Qliber aun to lOS mm IIJPiicadon to exploit raHaun performance parameten with standard 

artillery. Veloddes up to 4 km/5« are considered feasl"bbe. 

ID·lO 



~ --

.. ~ - ~ ---.... - ......... ---r--•··· ~.,:: ..... 4.--~- .• :.:- .. 
SOREQ 

ELECTROTHERMAL GUN 

. 
CONFINED HIGH PLASMA JET..uGHT 
PRESSURE DISCHARGE FUJI) (MaO, CHz) 

INTERACTION 

. . . . . ~ 

THERMAL PRESSURE GUN 

PLAIIIA fii...UIIA JET ....... _______ ,., 

IOURCE .PL.UIIA JET 

TRAVELING CHARGE GUN 



NEGEV LEAD AZIDF. SHORT WAYELENGUJ CHEMICAL LASER 

Israel Is developing a laser pumped by me detonation product lead azide. The energy level of 

the laser is formed by the detonation depicted in the araPfl. The activated lead atom is the 
I 

product of 

nanometers. dose to the moat etfect:iw Wftdc~ to penetrlle the ocean to sipificant 

depths. The technoiOSY is planned for later communk:ations IS a compact. inexpensive device 

to we IS a bellrinccr system for IUbnwines. It also could be used for countermeasures 

..,.OUt IR IeNOn on the tactical battlefield and in ~~*Co 
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NEGEV· 

LEAD AZIDE, 
SHORT WAVELENGTH CHEMICAL LASER 

Pb N2 

1
So 3.6 5 ev 

531 nm 462nm 

10 sec-1 78 sec·1 

102 2.66 

3.70 eV 

3p 0 o ___ _ 
...,. _____ ..... _ 

DE'IONATION . Pb(N3)2 _____ ...,.. pb + 2N3 

v :1 
A V:O 

3.62 eV 

V c10 
V:9 X 

N3 + N3 N2 + 2N2 (.AE : 8.8 ev) 

pb + N2 • pb + N2 
P.; ho (LASER) ' pb 
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SOREO LEAD SALT TIJNABLE DIOPE LASERS 

The configuration of SOREQ's laser is depicted for hetrodyne detection of infrared energy 

from a remote source. This tunable device technology could provide shot noise limited, 

frequency stable, single mode lasing features. Graph at right depicts the increase efficiencies 

from heterodyne detection as opposed to direct detection. 
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LEAD. SALT TUNABLE DIODE LASERS - SOREQ 

INFRARED HETERODYNE DETECTION 

- Principles -

In heterodyne detection, infrared radiation 
rrom a remote source ls mlxed wl th the output 
or a coherent local oscillator. 

THESE TDL's HOLD PROMISE OF 
- LASING IN SINGLE MODE 
- SHOT NOISE LIMITED 
- FREQUENCY STABILITY 
- SUFFICIENT POWER (1 MW) 

INFRARED HETERODYNE DETECTION 

- comparison of the efficiency of heterodyne 
vs direct detection. 

Thus, for Doppler limlt~d .olecular emission 
(v/Av ~ 10') and N£P•1Qr 1l W/H&, a lOG-fold 
i~nproveiM!nt 11 obtafned. 

COMMERCIALLY AVAILABLE TDL's ARE NOT GOOD ENOUGH 
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E. EL-OP 

EI·Op has a long history of operations dating from 1937 with partial Israeli state 
ownership from 1962. The company employs 1200 personnel for research and production of 
optical systems for tank fire control, lasers. thennal imagers. night vision, avionics and opto
mechanical products. 

Tank fire control systems include product improvement systems for older systems, total 
replacements. and state·of·the·art integration for new tanks .. 

Laser systems include rangefinders and designators for ships, helicopters. aircraft, and 
anti-aircraft and anti·tank systems. 

Thennal imaging products are produced for passive detection, surveillance, and weapon 
aiming systems. 

Image intensification products include the full speCtJ"-'m of devices from goggles to tank 
driving systems. 

EI-Op provides heads up displays (HUD) for all Kfir and Skyhawk aircraft. New 
generations of heads up displays are being developed using holography for next generation 
aircraft. 

1be opto-mechanical devices produced by EI-Op include boresight, test, observation, and 
COf!'pass equipment to support weapon systems. 

El-Op produces a variety of systems that · respond to military needs for optics and 
electro-optics at al~ levels of tactical equipment. 

GENERAL 

o EI-Op is about a $900 million-a-year company of 1200 personnel specializing in 
R&D and production of electro-optical devices. It is jointly owned by Tadiran 
and the Feuennann group. 

o Systems and research includes support for areas of aVJomcs, night vision, 
thennal imaging, tank fire control, optical/mechanical devices. 

CATEGORY I 

o Helmut HUD utilizing thin gelatin holographic element for total flight data 
presentation and enabling pilots to be protected from optical jamming 
regardless of his head position. Other applications are IFF and stealth. 

. (OPTICS) (See Attachment V .A.) 

o High power sealed off C02 laser. Can be used to blind sensors. Easy to 
maintain. 

(ELECI'RONIC COMBAT, DEW, SDI) (See Attachment V.B.) 
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CAIEGORYD 

o Thermal imaging devices (LIROD) 

o High repetition laser rangefinder (HRLR) 

o Stabilized fire control system (FSC) 

o Muzzle reference sensor (MRS) 

o Wild field of view HUD for Lavi. multicolor symbology display 

o Development of IR sensor for discriminating against penaids 

CATEGORY IDA 

o Computer controlled optical surfacing machine 

o Development of wavelength dependent choppers 

o Optical coatings for high energy lasers 

CA1EGORYIDB 

o Stabilized heterodyne systems 
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EL·OP HIGH PQWER. SEALED OFF CARBON DIOXIDE LASER 

A to-Kilowatt, 10% efficient carbon dioxide laser is being developed by EI-Op in Israel. The 

device is completely enclosed, and is made possible by very efficient heat transfer. The 

maximum amount of sudace in this design is exposed to the heat exchange medium. The laser 

path is lengthened to accommodate surface cooling. The performance is the best for a known 

enclosed-cycle laser in the West. The laser could be used on spacecraft. or in a variety of 

other applications, such as sensor countermeasures. 

m-ts 

.I'.·. ,, : ·.;,. "11':':1,;1 :· ,-.;:·,.:I ·. :··:11"·; ·:.'.'d .. :·:.L,;-.. I-'._·, ,.; f-'·:1' .1.:····1. ··;.;_,,I ,._, ..... L'\.', :..:11. ._ .. , ":",,I .1-; 1::.:. ;, ., 'I'. 
:·.~: , ... 



I 

.I ··.· '' ~·- •· ·j1 ·:i·T :-1··; :.;· o.l .·, :•·•.II:\ · .. )1.:");\ 1-,., ·,.: f-'.T 'l':oo·l. '•/-J·I•; ., 1·:· •• ·. 1.:•, 2, .. 1.:·:::' .,, .. ,7.:: "': .) .1-; 1:·'.:;7. ·.o 'I 'I"·· 

:. .I: ., .. · 'i 

. EL-OP 

HIGH POWER, SEALED OFF C02 LASER 

:_I~PROVING THE HEAT. REMOVING 
rav DESIGNING:THE LASER IN . . ~ 

:COAXIAL CONFIGURATION 

i~S CAN QI; __ SI;_EN WE EFFECTIVeLY 
!.HAVE 2nR0 /D "SMALL LASERS" . 
I -· 

CALCULATION SHOWS: 

. ! pc1pt = 6.4 Ro/D 

= ·' .-· :: ·:' ·:.·: ::· .. ir :.:i:: ,- :: ·, i :. :· ::1 ::::·:::·::11::1 '.~!I. ·:.r.'A 1- .:·,- - ·": r•:: ,- .-:~ :.·:: ., ·.;-.;-:~:;. ·, ·"::.c:·· r··c : ·, .. r:::. · ::.i.•7:.: · '- .J •. I-. 1·.-::.-::- ::· ., ·:r· :: 
,_-.. 1: "1(:' .\ 



I .I· l'o; -:i. .:o:··· r.·d ·.o l·.o'l \ ·'· .;j ··•.I•:< :.';11~'; _;;\, I-''. I 'I" f-'.·r :".1•,'. ··:-;:.~: .. j• ': 'T. 1:•:.: ::::-:·:l"o· ::,:-;-"·.",II ·.,' 1'_:·,,:--." "i•:l··: 

.1"1':1 ·.,'. 

EkOP-MULTWUNCDONALCOMPONENTS 

Holographic Optical Elements (HOE) developed by El-Op are based on the properties of gelatin. 

The HOE is lightweight and inexpensive as replacements for lenses, prisms, and filters. The 

technology is used with computer generated holographs. It also has infrared low observable 

applications for aircraft and missiles. 
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EL-OP 
* MULTIFUNCTION COMPONENTS 

BWE 

.... 
WHITE ·GREEN 

... 

A SINGLE HOE CAN BE USED TO REPLACE LENSES, PRISMS AND SPECTRAL FILTERS 
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EL=QP HOLOGRAPHIC OMICAL ELEMENTS 

There are numerous applitations for HOE technology. El-Op has specifically applied this 

technology to a Helmet Display System '(HDS) to increase a combat pilot's first-sboot time 

with complete freedom of head movement. The HDS measures line of sight. range to target, 

baJlistics. wind data. etc. The tolli.mated image is transferred through fiberoptics from a high 

brightness CRT. The image is projetted and seen ·by the pilot properly oriented regardless of 

head position. enabling freedom to monitor totkpit displays as well as outside scenarios. 
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EL-OP 
HOLOGRAPHIC OPTICAL ELEMENT 

1 CONVENTIONAL 

} 

) 

HOE 

.... 

TO FIRST ORDER, A HOE IS NOT AFFECTED BY THE SHAPE OF THE SUBSTRATE 
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EL-OP SPECJ'RAL AND ANGJJLAR SELEcnyrry 

The thin film holographic optical element is highly selective in wavelength. avoiding the three 

apex lines with high accuracy of the deflection angle. One application is for Identification 

Friend or Foe (IFF). or for stealth applications in the visible or IR regions. As depicted, the 

bandwidth is extremely narrow in the vicinity of 2S nanometers over a variation angle 

incidence of 10 degrees in spectral response. The see-through response is also depicted 

between 400 and 700 nm. 
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EL-OP 
SPECTRAL & ANGULAR SELECTIVITY 

"SEE-THROUGH" RESPONSE SPECTRAL RESPONSE OF A HOE 

A=1----------

- ..... ..,__ 
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EL-OP ZIGZAG SLAB LASER 

Israel's El·Op has developed a zigzag slab laser designed with an unstable resonator. The 

advantage of this design, depicted in the schematic diagram, is that it employs very thin slabs. 

This presents the same amount of lasing material as in larger, heavier devices to the light 

beam as it passes through the cavity. The concept is similar to one conceived by Ray Kidder 

at the Lawrence Livermore Laboratory. It has optimal pumping and heat transfer 

characteristics. The design provides ease in pumping the slabs since there are no large 

inhomogeneous areas that are not used in the process. 
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EL-OP 

PUMP LIGHT 

l 

RAY PATH THROUGH THE ZIG·ZAG SLAB 

THE ZIG·ZAG SLAB LASER GEOMETRY, 
WITH SHIELDS AND INSULATION 

P - FLASHLAMP, M - 1.,.,.. A£FL£CnNO CONCAVE MIRAOR, 

E- ETALON, P- POLARIZER, A- UMITING APERTURE, 

, p 

~ -

QS - UTHIUM-NIOBATE Q.SWITCH, AI' - QUAR'nR-WAVE Pt.ATE 

ZIG·ZAG SLAB LASER WITH UNSTABLE RESONATOR 
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F. ISRAELI AIRCRAFT INDUSTRIES (IAI) 

Israeli Aircraft Industries Ltd., is Israel's largest company with annuaJ saJes of $900 
million and 20,000 employees. TotaJ research and development activities are 41% of the total 
output, with most of the funding rrom the government IAI funded R&D is approximately 6% 
annuaJly. Export saJes are approximately $450 million annually. Major business areas are 
design, development, test and certification of military and· commercial aircraft, advanced 
aerospace and weapons systems, electronic and avionics systems. More than 30 types of 
aircraft have been built by IAI aJong with the 30 types of engines and 10,000 components. 
AnnuaJ capacity in these areas is 350 aircraft and 750 engines. 

GeneraJ research and development programs include air defense suppression, air defense 
and attack aircraft, missiles and guided armaments. Specific areas of R&D emphasis are: 

(1) Elta Electronics Company, a unit of the Electronics Division, with activity in 
precision guided munition control, secured communications, airborne radars with 
programmable signal processors and look-down capability backed up with a 
distributed computer network. Surface radars are being developed to detect sea
skimming missiles at 20 km, and tactical surface to surface system with a 120 km. 
range. 

(2) TacticaJ and strategic intelligence systems integrated into command control and 
communications systems. 

(3) Point defense weapon systems for strategic defense of high-priority targets. 

(4) Communications that include secured data, digital format and wide band via satellite 
and fiberoptics. 

(5) Communications intelligence with high sensitivity, fast scanning and broadband 
receivers. 

(6) Jammers for application against tacticaJ and space-based communications systems. 

(7) Radar technology development in synthetic aperture and inverse synthetic aperture 
radar, radar image processing, solid state space qualified transmitters and receivers, 
RF tubes in XIKu·Ka bands. large non-rigid antenna arrays that are lightweight, 
space-based radar signal processors that are programmable for onboard real-time 
processing of raw data, and bi-static cooperative and · non-cooperative space-based 
radars. 

(8) Active electronic countermeasures, self-defense of aircraft and weapons systems 
against radar-guided threats. 

(9) Design and development of high reliability hybrid circuits and very large scale 
integrated circuits. 

GENERAL 

o IAI is a major aerospace company producing state-of-the·art fighter aircraft such as 
the Lavi and Kfir, commercial aircraft, missiles and RPV's and electronics and 
avionics systems. 

o Major areas of business are airframe design and manufacture, development and 
production of weapons systems, and electronic and avionic systems such as radars, 
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communications. el«tronic warfare. signal intelligence. and command, control and 
communications systems. 

o General research activiey is in areas of space related .technologies such a5 embedded 
computer systems. flight and space structures. radar technologies, communications 
systems, computer t«hnologies. signal processing and microelectronics tecfu:aologies. 
Specific research and development program include: · 

. . 

Look-down/shoot-down radar for the Lavi fighter and an eJectronic warfare 
suite for the aircraft. . , 
Radar mounted on vehicles to detect hovering helicopters now being tested and 
evaluated by the USMC with possible Lear-Siegler Production. 
Tactical air defense radar that is rugged and uncomplicated. It operates at L· 
band and is solid state. · · 
Long-range ground surveillance radar that can det«t forees and mobile targets 
at ranges in excess of 100 Jan, operating ~th high resolution above X·band. 
Image processing. artificial intelligence that is knowledge based/pattern 
r«ognition. Development of software for relative digital automatic pilot and 
control systems. 

CATEGORY I 

o Two-layered anti-tactical ballistic missile defense system using remotely piloted 
vehides and drones. Orbiting attack drones. very small size, made from low radar 
cross section materials. and equipped with warheads and terminal sensors such as 
infrared would be used against boosters in the boost phase. A second high-altitude 
layer would attack re-entry vehicles after launch from an RPV platform using 
infrared, ultraviolet or RF seekers. Dual-mode sensors are being developed that 
could be used on the drones. 

(SDIO,AmM) 

o Systems archi~ture for regional ballistic missiles defenses that could apply to 
SDIO. or for AmM use. 'Ibis is based on signal processing command, control, and 
communications systems with hardware in the loop with the· capability for inputs 
from NATO allies in a layered terminal defense approach. 'Ibis effort could be in 
cooperation with the MOD. 

(BMJC3, ELECI'RONIC COMBAT) 
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G. ELTA 

ELTA Electronics Industries employs 2200 people with over 1200 scientists, engineers, 
programiners and high level technicians. The company produces $140 million in products. 

ELTA manufactures the following: 

o Radars- airborne, shipborne, and ground-based. 
o Electronic warfare - airborne, shipborne and ground-based. 
o SIGINT • EliNT and COMINT systems. 
o Communication - systems and equipment 
o Computerized Systems • military types. 
o Automatic Test Systems • for military and industrial applications. 
o Signal processing. 
o National Defense - air defense C & C systems. 
o Technologies - microelectronics, transformers, filters, etc. 

The great majority of the equipment and systems produced by ELT A are original 
developments. ELTA has an in·depth capability for turnkey delivery definition phases. site 
surveys. development of hardware selection and evaluation of subcontractors. production, 
software preparation, installation, commissioning, training and maintenance. ELTA is the 
avionics manufacturer for the Lavi aircraft and will provide EW, radar, and communication 
systems. 

GENERAL 

o ELT A is a subsidiary of IAl (Israel Aircraft Industries). 

o Their products consist of: electronic warfare, SIGINT, communications, radars, 
computers, signal processing, c3I, and microelectronics equipment. 

CATEGORY I 

o Programmable signal processor with modular parallel processing that is capable of 
network (Octopus) or stand-alone operating with math calculations of 90-540 NS and 
FFT (Butterfly). 

(SDIO, ELECTRONIC COMBAT) (See Attachment XII.) 

o Conformal array technology for Lavi aircraft. SAR/ISAR capability for air and 
ground application. 

(SDIO, ELECTRONIC COMBAT) (See Attachment XIV.) 

o Radar signal processing capability (EUSP 890L) SAW integrated 12k gate 2 micron 
VLSI Circuit with parallel processing. 1.6 bit floating + fixed, and 2.5 GHz 
processing, signal compressing software for image processing (reconnaissance) and AI 
Function. 

(SDIO, ELECTRONIC COMBAT) (See Attachment XV.) 
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CATEGORYU 

o EC·135 (707) airborne system with parallel processing (Butterfly), HF/UHF, radar 
D.F., single pulse I.D., minitune amplifiers for monopulse down converting, frequency 
agile emitters, and phase locked loop synthes~rs. 

I .1:1··:· .:1·;:·:111 1.1' ,.,.1•" 1-i ,.; .:11• 
.II. ' ; · 1:·.;, 
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H. ELISRA 

Elisra Electronic Systems. Ud., is primarily engaged in the development and manufacture 
of electronic warfare systems. equipment and components. Since its founding in 1966 (as 
A.E.L Israel Ltd.), Elisra has been a major supplier to all branches of the Israel Defense 
Forces. as well as to customers world-wide. 

Company sales reached $70 million in 1985. About 45% of total sales are exports to 
other governments and armed forces. Elisra employs over 1400 people, of whom 200 are 
engineers and 500 are technicians. The company's premises. with 2800 square meters of Ooor 
space, and located in Bene Beraq. a suburb of Tel Aviv. 

In the electronic warfare domain, Etisra is involved in the design and manufacture of: 

Airborne EW systems for first line aircraft and helicopters 
Naval EW suites (ESMIECM) for all types of combat ships 

These computerized power management systems include chaff dispensers and high-power 
jammers. 

ELINT/COMINT equipment and systems, widely used for tactical and strategic 
intelligence for naval, ground, and airborne applications. 

Communication equipment and systems, manufactured for HF to the microwave 
frequencies, utilizing Elisra's own high·power, broad-band, solid state amplifiers. 

The company provides turnkey EW projects, starting from analysis of operational 
requirements through design, development and manufacture. 1be projects are accompanied by 
complete integrated logistic:: support packages that include training, documentation, software 
and spares. 

GENERAL 

o Elisra is a company of 1485 personnel with annual sales of $70 million. (AEL owns 
60% of company stock) 

o The company is heavily involved in electronic warfare systems and radio frequency 
and microwave components. 

o Electronic warfare efforts include high frequency/microwave, ELINT/COMINT, for 
air and naval systems. 

o Components include: radio frequency amplifiers. solid state switches, filters and 
couplers, and wide range of power and frequency control devices. 

CATEGORY I 

o Operational laser warning receiver with LO.B. less than one degree. (MIL-E-5400) 
Ada processors with matching library and .1 micro second accuracy. Warns when 
being painted by laser. 

(OPriCS, SATKA) 
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CAJ'EGORYD 

o RWR equipment similar to ALR 46,74/WJ (Reprogrammable by tape upgrade and 
compatible with U.S. standards). Airborne ELINT systems with 4 antennae quadrants 
(model CR2800) providing 360 degrees coverage. 5 degrees AOA. and fingerprint 
capability MIL standard 1750 A computer. 

o CWDF for 6.S • 18 GHz with a weight of 3 kg. (MIL-E-5400) 

o Naval ESM (radar DF) 2·18 GHz; DF one degree ·XIku bands (3 degrees S&C 
bands). monopulse switching mode. in a density of 500 KPPS. 

o Ground ELINT 0.5 - 40 GHz, 100 KHz accuracy and resolution, DF .1 • 1 degree. 
PRJ acruracy 100 NS per pulse train. 

o Ultra compact ~ laser, 200-1000 watts. industrial applications. 
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I. HEBREW UNIVERSITY OF JERUSALEM 

The following relates to work . at the Hebrew University of Jerusalem, in particular the 
Racah Institute for Physics at the Center for Plasma Physics. Guillo Racah was a famous 
Italian Jewish physicist who emigrated to Israel and taught at the Hebrew University. His 
major contributions were in nuclear and high energy physics. His son teaches at the 
University of Dlinois (Chicago) (he is head of the department there). The Institute for 
Physics was established in his name at the Hebrew University. 

One of its most prominent activities is the Center for Plasma Physics. Much of the free 
electron laser work. which has been discussed elsewhere in this report, is going on at the 
Center for Plasma Physics in collaboration with investigators at the Offic:e on Naval Research, 
at Yale University. The analytical potential and expertise in this field of plasmas, which is 
important to the operation of a free electron laser, exists at the Hebrew University. 
Therefore, as discussed in a subsequent document, it is recommended that the analysis and 
theory be done at Hebrew University with computer simulations done in the US, perhaps at 
the Naval Research Laboratory at Yale University, with the experimental parts of the program 
divided between Israel and the U.S. 

Another exceptionally inte-resting project is the proposaJ to do excimer laser .kinetics by 
Rokni and others. It is nec:essary to gain a better understanding on how excimer can be made 
more efficient. 

Of course, Hebrew University also is the c:enter for computer software research involving 
potential SDI projects and these are discussed also elsewhere in this report. 

HEBREW UNIVERSITY OF JERUSALEM 

o Racah Institute of Physics (Guillo Racah) 

Oose collaboration with Rafael, SOREQ, U.S. 
Development of wigglerless FEL 
Collaboration with Yale University faculty 
Excimer laser studies 
Kinetics and energy distribution measurements on excimer lasers 

CATEGORY I 

o Wigglerless free electron laser • elimination of a massive component used to 
stimulate optical emission. Tremendous saving in weight and reduction of space. 

(OPTICS, SATKA. DEW) (See Attachment VI.) 

o Excimer laser kinetics studies which greatly increases effectiveness of excimer laser. 

(OPTICS, SA TKA) (See Attachment VD.) 
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HEBREW UNIVERSITY WIGGLER LESS FREE ELECTRON LASER 

Racah Institute of Hebrew University has developed a concept for a lightweight, less costly 

free electron laser that employs microwaves instead of wiggler magnets in the lasing process. 

The technology is based on the use of a two-beam accelerator using magnetic fields. 

Electrons from the accelerator are introduced at 3 MeV with a 3-kiloamp current at an angle · 

to the magnets to produce a spatially coherent helical orbit that is produced for the electrons. 

Radiation from stage one is coupled with radiation from stage two as the driver for 

antiresonant acceleration in the seoond stage. A tapered light pipe is used to f~us radiation 

for acceleration and focusing efficiency. This concept can produce 10 MeV electron beams. 

An intense electromagnetic wave is generated with circular polarization through the use of the 

magnetic field in the first stage. The transverse electromagnetic wave accelerates charged 

particles in the second stage that move in resonance with the wave--the gyro-resonance 

accelerator. MIT also is developing similar wigglertess FEL technology. The compact nature 

of the second stage makes this concept attractive. 
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HEBREW UNIVERSITY . . ... 

WIGGLER LESS FREE ELECTRON LASER 

ACCELER~DA'IOR I 
211V 

. 3kA 
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J. RAFAEL 

Rafael is a key research and development laboratory in Israel, pedorming in a variety of 
technological areas. Major areas of development include missile systems design and 
development. image prcxessing, and ballistic systems such as warheads and terminal devices, 
ceramic and composite materials applied to space reactive armor. Research and development 
programs are keyed to shorf.term responses to fulfill immediate needs of Israel in responding 
to threats along its borders. usually Soviet-built weapons. 

General R&D emphasis is concentrated in the areas of missile intercept systems. software 
analysis. sensor technology, materials research. and directed energy weapons technology. 
Specific areas_of emphasis include: 

(1) Development and simulation of ballistic missile re~ntry vehicle to Mach 7 at a 
60,000.ft. altitude in cooperation with Technion, using a jet tunnel facility. 

(2) Conceptual design and component development for an anti-tactical ballistic missile 
defense system that operates at a speed of 2 km/second to engage re-entry vehicles 
at ranges of 500 km at altitudes of 100 km. Silo based missiles and radars would 
be used. 1be missile would be 3.380 mm long and 260 mm in diameter, weigh 250 
kg and have servo-actuated fins for control, an infrared proximity fuse and a new 
radial warhead. 

(3) Center for military analysis with 30 scientist/engineers to provide assessments, 
vulnerability studies and strategy. 

(4) Image processing development including trackers, target detection. image 
understanding. target cueing. image compression and enhancement and computerized 
vision. 

(5) Optical coatings and filters including new processes and new materials for thin 
films. containing up to six different materials and over 40 layers in a single device. 
Equipment includes vacuum coaters with electron and ion beam guns, flash 
evaporators and microprocessor controllers. 

( 6) Plasma detectors for microwave and millimeter wave length imaging arrays for 
possible application to space systems that could overcome microwave radiation, high· 
power lasers, and electromagnetic pulses. 

(7) Free electron lasers and intense relativistic electron beams, high·power RF and X· 
ray sources, pulsed power and high voltage systems. gas-puff Z·pinch for X-ray 
lasers. microfocus X-ray tubes. 

(8) Formal logic in SPeCification and verification of software. 

(9) Composite materials technologies for structural bonded panels and laminates, ablative 
components, advanced rocket motors and truss structures. 

(10) Development of infrared, laser and electro-optical sensors. Special progress has 
been made in reducing the size and weight of radar sensors by moving to higher 
frequencies at 35 GHz and 94 GHz using advanced RF front ends with stripline 
antennas with built-in receiver functions. 
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(11) Electronics and optronics for active target acquisition, identification. allocation and 
designation. 1bis also includes signal transmission technologies over a wide 
spectrum using frequency agility, PRF agility in high resolution acquisition against 
low RCS targets. Passive threat acquisition using passive sensors such as infrared 
searchers and other electromagnetic sensors. A part of the technology is laser 
designation systems, laser beam concentrated ener&V and laser range measurements. 

(12) Anti-tactical ballistic missile defense system using mini drones with terminal sensors 
to destroy boosters and to engage re-entry vehicles. at high altitudes. 

(13) Systems architecture and testbed for SDIO based on defense considerations in the 
terminal regime. 

GENERAL 

o Rafael provides research and development support in a wide variety of areas for 
Israel's Ministry of Defense in Weapons Systems Technologies. More than 7,000 
persons are employed at Rafael, with 3S% of them scientists and 25% skilled 
technicians. 

o Major areas of business included missile developments such as Gabriel, rocket 
propulsion motors, a new fast-reaction anti-helicopter missile called Adam, with 
command line-of-sight guidance. The effort at Rafael, an acronym for Israel's 
Armament Development Authority, includes software development, artificial 
intelligence, composite materials and structures, and directed ener&V devices. 
Specific areas of research and development are: 

CAJEGORYI 

o Hypervelocity guided missiles for air defense/ATBM that cost less than $1,000/kg. 
Reaction against Soviet-built SS-21, -22, and -23 ballistic missiles would be less 
than S seconds. 

(ATBM, SATKA)- category 

o Area defensive systems employing a variety of missiles and drones, including the 
A TBM system. 1bis is based on studies of the threat and available technologies by 
the military analysis center. The· center is more battlefield oriented than 
technological and more critical than invention oriented. 

(ATBM, SATKA) 

o Computer and software programs development with embedded systems, digital signal 
processing and algorithm development. A new command, control and communications 
center has been designed using tiber optics. 

(BM/C3, OP'I1CS, c3) (See Attachment IX.) 

o Artificial intelligence applied to a navigation system using PROLOGUE and USP 
language. A sonar system also is being developed using these languages. 

(ELECTRONIC COMBAT, SATKA, BMIC3) 
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o Computer aided software engineering where a magic square paradigm is being 
developed using Ada. This is in concert with two Israeli universities. · 

o Formal logic verification of software for highly reliable routines. Related 
technology includes temporal logic artificial intelligence for workstations, with the 
first prototype being tested. 

o Image processing with understanding. cueing. compression. enhancement of target 
data. This has been combined with artificial intelligence for real·time application. 
In terms of fielding systems, this is the world leader. 

o Edge/Centroid trackers with advances in related adaptive/area correlators being 
tested. This leading towards development of intelligent trackers that automatically 
identify targets and destroy them. This technology is based on pattern recognition 
and model-based target detection. It also has medical and industrial production 
applications. 

(OPilCS, SA TKA) 

o · Plasma detection technology for microwave and millimeter wave imaging arrays that 
can withstand EMP and microwave radiation. This enables increased field of view, 
reduced radar scanning time and aids target detection. 

(SA TKA) (See Attachment VID.) 

o High energy laser development including subsystems such as gas supply systems, 
combusters, and nickel technology. Pulsed UV excimer lasers are being developed 
for materials processing. 

(SATKA, DEW) 

o Ballistics technology to develop explosively formed armor penetration warheads and 
hollow shaped charges with improved jets. Explosive reactive armor is included in 
this area of technology. 

(TAcnCAL MUNITIONS. ARMOR/ANTI·ARMOR, ATBM. KEW) 

ID-40 

- ·' ·:: ·:.·: ::· .. ir :.:i:: ,. :: ·, i .. : ::1 ::::·:::·::11:•: '.~!I. ·:.r.'A 1- .:·,- - ·": r•:: ,- .-:~ :.·:• ., ·.;-.;-:~::. ·, ·": .c··· r··c : ·, _ _r:::. ::.'.', ... · '- ._1_.1-, 1 .--:.-::- •:· ., ·:r· :: 
,_-.. 1: .1(:' 



.I· l'o: -:i. .:o:•'' r.·d ·.o l·.o'l \ ·'· .;j ··•.I•:< :.';11~'; " ... I-''. I 'I" f-'.·r :".1•,'. ,.. ~· .. i· ': 'T. 1:•:: ::::-:·:l"o· ::,:-:-... ",II ·.,' 1'.:·,,:--." "i•:l··: 
.1"1':1 ·.,'. 

('This page left blank intentionally.) 

m-4t 

Fy .1"·:· ;::i·:·:.·:· .. r.:tl ::• ., ::• ·1 f.:·: ;::i ::··:1·:·;:: :·.; :·:·:1.)'::-·:.'< r•:: T- ·1: r: ::1' .:•.::1(:·' '·/./,-::.-·i··: .. ::l' r<; ;.o .. :::.i.·· 
.: x. ·1:: r :·; 



I .I· l'o: -:i. .:o:•'' r.·d ·.o l·.o'l \ ·'· .;j ··•.I•:< :.';11~'; ,;;\, I-''. I 'I" f-'.·r :".1•,'. ··:-;:.~: .. j• ': ·:1. 1:•:.: ::::-:·:l"o· ::,:-;-"·.",II ·.,' 1'.:·,,:--." "i•:l··: 

·' .1"1''1 ·.,'. 

BAFAEL PLASMA DETECTOR 

Properties of a glow discharge plasma have been applied by Rafael to a sensor system to 

detect microwave and millimeter wave emissions. Inherent hardness in the sensor enables it to 

withstand nuclear weapons effects. The glow discharge plasma detector as depicted, operates 

at a few hundred volts with current densities between 10.5 and 10.1 amperes/square 

centimeter. A focal plane array can be constructed of glow discharge . elements to image 

microwave/millimeter wave radiation. An electromagnetic wave illuminates the glow discharge 

tube, changing the voltage characteristics. These changes are reflected as a voltage charge 

across a load resistance, functioning as a video detector. 

ill-42 

Fy .1"·:· (:i·:·:.·:· . r.:tl ::• 'I ::• 'If.:·: (:i ·:··:1·:·;:: :·.; :·:·:1.)'::-·:.'< r•:: T- '1: r: ::r .:•..:1(:·' ·.;..;,-,.,,.·j··:. ::r r<: ;.o .. :::.i,o' 

.: .1'. '1:: I' .'·; 



a e 

I .1:1··:- ·:i.;~:·:lll l'l' ,.I •,' 1-i ·1.; ·:ir•:- "": ;.·., ().I:· ... J .. f-'':·.1 I .. ,. -···l:,•q·:r. ··;·.;,•;·l'il'.: ·.• l. .:C: .2.:<,, .. , .. :·:.:-:-, .. , 1:~ ..... 1 .' ··~;·.•-:-. ··· 1· ·: ·,.:
·'~~· "'·1:·.,. 

-> 
E -
> 
10 

0.12 

0 

0.04 

-0.08 

-0.12 

PLASMA DETECTOR 

Gos:Neon 

Pres~ure:1 Torr 

.. 
'8 
8 

.. Negohve r•sponse .. 

M Positiveo r•sponse·· 

C•> 

I: 8 mA 

20 40 60 80 
X (mm) 

J 
0 
c;. .. 
~ -0 .,. .. z 

I 
J/11 ~ .. 0 0 v ..,., .. :.o.U ~ ..,o 
o4 -.. ~~~ ~ 

~ 3. 

(f) 

1 = 10 mA 

20 40 60 80 
X (mm) 

.. , 
! c 

TYPICAL AESPO"SE OF A GLOW DISCHARGE TUBE 
TO INCIDENT MILLIMETER-WAVES 

F •. rJ ::. : i·;.·;.:: I'll 'IT. ·:• 'I (:··1-. -:~·;. : il·:·:::.: : C:· F.:-:.'<. r· :~: T T··:· "'•:· ·,:.: ·:1:: r ··.;·.:.:;·I· ir ;: .::• ., -·,c : ...... ,.,. ::::_:-:-... ·, 1·: .... ,I':: . :.•::.-:- (:• I' :. '~C: . 
. :u. :· :: 1:/ 



I .I· l'o; -:i. .:o:··· r.·d ·.o l·.o'l \ ·'· .;j ··•.I•:< :.';11~'; _;;\, I-''. I 'I" f-'.·r :".1•,'. ··:-;:.~: .. j• ': 'T. 1:•:.: ::::-:·:l"o· ::,:-;-"·.",II ·.,' 1'_:·,,:--." "i•:l··: 

·' .1"1':1 ·.,'. 

RAFAEL SOFJWARE LOGIC 

The methodology used by Rafael in developing software logic is depicted in the diagram as 

artificial intelligence generation tools, based on an automated computer design. Rafael uses 

formal methods based on mathematical logic for requirements specification. Recent 

developments in this area could provide significant improvement in software reliability. 

Advances include temporal logic for specifying and verifying concurrent programs, advanced 

workstations for software development. and AI theorem proving. Rafael bas applied interval 

temporal logic to an operational software program. 
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K. ELBIT 

Elbit is a member of the Elron Electronic Industries Group with 1850 employees and an 
annual sales of SlSO million. About 75% of sales is export with 37% to the U.S. 

In the avionics area. they are presently developing mission computers for the Israeli F·16 
and the Lavi. They have embarked on a major update program for the F-4 Phantom as the 
integrator of the entire avionics system including a modernized HUD and radar system. 

Elbit's tank fire control systems. originally designed for the Israeli Merkava tank, have 
been used to upgrade a wide range of tanks including the U.S. M-48 and M·60, the British 
Centurion, and variety of Russian tanks. 

Additionally, Elbit produces command and control systems trainers as well as a line of 
digital communicatio~ units and artillery c3 and computational units. 

Elbit has developed a method for digital representation of an image with applications to 
data compression and adaptive target recognition and discrimination. The approach holds 
promise for being a significant advance in these areas useful in both strategic and 
conventional applications. 

They have developed a laser ranging device (EWAR) making use of the retroreftection 
occurring in an . optical seeker on a weapon to provide warning and location of potential 
threats. 'The devi~ . uses a highly sensitive receiver and may be on par with similar devices 
made in the U.S., but its photon noise l~mited receiver may pr~vide extreme sensitivity. 

ELDAR is used to provide passive correction of high energy lasers by measuring when 
the turbulence is zero :.and choosing to fire at that time. This roughly parallels more 
advanced work being done in a U.S. classified program. 

GENERAL 

o S~i~izes in advanced aVJorucs, airborne computers. fire control systems, 
communications. and command center ADP and display systems, some EW. 

o Growth areas involve thermal imaging syste~s and computerized machine vision. 

o Extensive interaction with U.S. companies (CDC, Fibronics. Inframetric's, Elscint) 

CATEGORY I 

o Computerized vision • A technique for picture data compression up to 20:1 utilizing 
knowledge or eye/brain function. RPV capability for real-time targeting fighter 
aircraft. This is unique in the world. 

(SA TKA) (See Attachment X.) 

CATEGORYD 

o ELDAR electro-optic location, detection, and ranging. Use of retroreOection from a 
threat optical device to warn of and locate the potential threat - uses a highly 
sensitive receiver design. 
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CATEGORY IDA 

o Passive correction of HEL's for turbulence (i.e., measuring turbulence and firing 
only when turbulence is zero). 
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ELBIT DISCRIMINATION STAGE 

The Elbit computerized vision discrimination stage diagram applies an algorithm for target 

features recognition and verification applying discriminate weights. The data obtained in this 

stage are boiled down to a discriminant number. If positive, it implies a target. If negative. 

it implies background. The sensor provides picture data compression up to 20:1. using 

techniques based on the function of human eye/brain. 
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ELBIT ALGORmiM IMPLEMENIATION 

The logic flow diagram depicts the algorithm used to determine feature ident.ification of a 

signal. Applied· to computer vision for a digital representation of image efficiency, data 

compression is provided. The algorithm is used to search for target areas of interest, mapping 

the field of vision into a. set of characteristic transfonn coefficients. and panem recognition 

by means of discriminant functions applied to the coefficients. 
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ELBIT DETERMINATION OF DISCRIMINANT WEIGHI'S 

The Elbit computer vision system is predicated on assigning a single discriminant number, 

based on a set of characteristics. The coefficients are derived from masks of the image 

related to how the human eye and brain process imagery and how a person searches for 

patterns. Note that the algorithm takes into account dimensions of color, motion and stereo; 

it does not distort the image and is invariant to rotation, position and size. This system has 

proved 98.5% effective in tactical target classification tests on drones. 
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L ISRAELI MILITARY INDUSTRIES 

IMI is dosely tied to the Israeli Ministly of Defense but operates as a private company 
with annual sales of $568 million and 14.000 employees. Research and development funding is 
$14 million (1986). and export sales are $183.6 million. Major business development is in areas 
of weapons. ammunition. aircraft equipment, metal products and systems engineering. It is a 
leader in producing armaments for the U.S.. other allied nations and Israeli defense force~ 
especially in anti-armor device~ warhead~ fuses. propellants and rocket/missile systems. 
General R&D emphasis is in areas of explosives. aircraft weapons syste~ aircraft self
protection system~ infantly weapon~ anti-tank weapon~ armored battle vehicle~ artillery and 
guided projectile~ naval weapons systems and submunitions. Specific areas of R&D include: :: 

(1) Ramjet-powered hypersonic projectile that reaches speeds above 2 km/second for 
anti-armor applications. 

(2) Space reactive explosive ceramic armor developed in cooperation with Rafael. The 
technology can tum a penetrator rod sideways and halt its penetration. 
Approximately $5 million per year is invested in this technology. 

(3) High-G projectiles with onboard guidance systems for air defense and possible A TBM 
defense. 

(4) Composite materials research for wide applications including rocket motor cases and 
projectile sabots. 

(5) Research for space-based kinetic kill vehicles that could have SDIO application. 
including a 40 pound rocket-powered device. The technology is believed capable of 
providing weapons with a velocity of 30 km/second that can sustain 200.000 Gs. 

( 6) Advanced materials for space systems applications such as ceramics. refractories. 
and carbon-carbon. 

(7) Air breathing propulsion design and development work on systems such as scramjets 
and ramje~ and small turbojets. 

(8) Senso~ including electro-optics and laser beam riding technologies. 

GENERAL 

o: Israel Military Industries manufactures over 300 product~ including weapon system~ 
ammunition and equipm~nt for ground. naval and air forces. Products are used in 
over 50 nations. including NATO countries and the US. 

o . IMI invests approximately 5% of annual sales in R&D activities. IMI operates 36 
facilities and plants employing 14.000 people. Sales in 1984 were $568 million. with 
$183.6 ·million of this for Ministry of Defense program~ with export sales of $321 
million. 

o General R&D is under a central laboratory developing a line of advanced munitions 
• with over 50% of the company's product lines developed by the laboratory - Tank 
and motor ammunition. extended - range artillery ammunition. submunition~ ballistic 
protection armor. Specific areas of R&D emphasis are: 

laser seekers and microelectronics for missiles and artillery ammunitions. 
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tank gun ammunition such as the 105 mm APFS DS-T armor piercing, spin 
stabilized, discarding sabot tracer round effective against spaced armor using a 
swaged tungsten alloy core. · 

hypervelociry medium caliber rounds, anti-tank systems and ramjet powered 
kinetic energy penetrators. 

chemical propellants and explosives inCluding RDX, HMX, PETN explosives and 
single, double and triple base solvent and solventless extended propellants. 

command, control, and communication including digital communications, data 
links displays, control centers and systems. 

aircraft weapons systems such as air launched decoy systems, 25 mm guns, 
cluster bombs. Self-protection systems, runway penetration bombs. 

CATEGORY I 

o Material for kinetic energy penetrators -· tungsten based heavy metal · and other 
alloys using cold isostatic pressing and centering techniques. Research yielding 
improved alloys through plastic deformation and heat treatment that provides 17.15 
G!CC, tensile strength 225,000 PSI, tensile yield of 220,000 PSI (0.2% offset), 
elongation of 8% in 1 inch. · · 

(TAcnCAL MUNmONS, ARMOR/ANTI-ARMOR, KEW) 

o SDIO technology development, mostly for high endoatmospheric devices·· 
propulsion, structures, warheads, and fuses. Other applications include space-based 
rockets, a 40 pound kinetic kill vehicle, light motor cases, nozzle and thrust vector 
control. 

(SA TKA, KEW) 

o Rotating solid rockets. hypervelocity high-G projectiles/rockets (30 · kmJsecond, 
200,000 G potential). 

0 

(KEW) 

Warheads 
technology. 

hollow charge, self-forging fragments. 

(TAcnCAL MUNITIONS, KEW) 

Totally revolutionary 

o Research on a kg-class projectile that will travel at 2 km/second using ramjet 
power. Limited data exchanged with U.S. companies. Abiliry to accelerate large 
masses exceeds any known U.S. effort. . 

(TAcnCAL, ARMOR/ANTI-ARMOR, KEW) 

o Development of spared armor; working on reactive armor programs with small 
explosive charges jointly with Rafael to stop armor penetrators and hollow shaped 
charges. The U.S. urgently needs this technology. 

(ARMOR/ANTI-ARMOR) 
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o IR missile detection system: gyro, cooler and dewar with a 10 year shelf life, high 
(10,00) G., spins up in less than 1 second. No one else has ever come close to 
achieving these acceleration levels. 

(TAcnCAL MUNITIONS, SA TKA) 

o Advanced materials for space systems applications 
carbon. This is superb structural material. 

(SATKA) 

CATEGORYD 

o Low cost solid propulsion. 

o Air breathing propulsion research and design work. 

o Electro-optics and laser beam riding weapons applications. 

o Fuses -- electronic proximity and time. 

ceramics, refractories. carbon-

o Thennal imaging •• imaging processing for target identification. 

o Aerodynamic design •• missile, projectile, and airborne platfonns. 

o High-0 environment -- cannon fired projectiles. 

o Airborne autopilot system •• missile, projectile, and airborne platfonns. 

o Delila jet propelled multi-purpose ground and air launched missile with speed to 0.8 
Mach, payload to SO kg, equipped with total digital autopilot. 

o Cannon launched anti-armor maneuvering projectile (CLAMP), a semi-active laser 
homing ISS mm anti-armor projectile, hardened to 10,000 plus GS, ballistic and glide 
modes to 20 km range, hollow charge warhead to penetrate 800 plus mm. 

o Man Portable Anti-Tank System (MAPATS), an EO beam rider missile with a 4.500 
meter range. Laser source is a semiconductor GaAs laser operating at 0.9 
micrometers coupled into a fiber rod. A 1:10 :zoom system using the same stepper 
motor and cam. The visible and part of infrared optics are incorporated into one 
channel. 

o Rocket systems such as the LAR-160 mm with 30 km range for use with 
conventional or radar fire control; 240 mm artillery rocket with 10.5 km range and 

· submunition cluster warheads; MAR-290 mm rocket with 70 km range; 82 mm air-to· 
ground rocket; B-300 man portable anti-tank rocket produced in the U.S. by 
McDonnell Douglas as the SMAW/B-300 for the Marine Corps. US. testing IMI 
light artillery air transportable. 
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M. TADIRAN 

Tadiran's 1985 sales reached $570 million, roughly half is due to exports to some 52 
countries. In 1985. they had $65 million worth of R&D, 80% of which was invested from 
profit. The company is 70% owned by KOOR. the industrial arm of the trade union 
organization; 19% by GTE. and 11% by the employees. Their sales to the U.S. doubled in the 
past year with sales of the VRC-12, the mini-RPV to the Navy. 

They produce a broad range of tactical communications equipment in the HF, VHF, and 
UHF bands. perhaps the most comprehensive product line of any single manufacturer. This 
includes security, frequency hopped antHam. as well as adaptive HF. Their taetical electronic 
warfare equipment is also capable and extensive. including ELINT, COMINT as well as jamming 
equipment. 

In all of this equipment, they make extensive use of the integration of SAW devices into 
hybrid circuits for signal processing at RF. They use SAW's with 1W product of up to 2000 
in Mil Spec devices. An extensive discussion of Tadiran's capability in the communications 
and EW area is included in the Appendices. 

The Mini-RPV system, (a joint venture with JAl), is a very capable and flexible system 
that has been extensively combat proven. The U.S. Navy has contracted for a 20 A/C system 
with an ELINTIEO payload. 

Several proposals submitted by Tadiran were judged by the team to be rather theoretical 
and either not on a par with U.S. or other efforts or insufficiently described. The proposal 
on the Detection of Missiles Launches via Ionospheric Sounding is rather theoretical in nature, 
whereas the U.S. has extensive research and operational experience with such systems. A U.S. 
Air Force tactical warning system (440L) using these concepts was terminated some years ago 
because of its poor reliability and high cost relative to value. The intelligent Target 
Discriminator and Multi Point Sensors Discriminator proposals were too vague and 
insufficiently described to make a good judgment. 

GENERAL 

o Tadiran is a privately owned company producing a broad range of communications, 
electronics. and electro-optic equipment of which roughly one-half is export. 19% 
of the shares are owned by GTE. 

CATEGORY I 

o Produces a range of tactical communications equipment which is as or more 
advanced than fielded U.S. equipment. 

(CJ) (See Attachment Xlll.) 

o Highly capable, MIL SPEC SAW devices of code length (TB product) of 2000 or 
more, which can be electronically programmed for frequency hopped communications, 
signal processing and radar. Off the shelf. 

(ELECTRONIC COMBAT. BM/C3) 

CA1EGORYll 

o A 20 A/C RPV system with 3 ground stations, ELINT package (0.5 • 18 GHz. 0.5 
degrees DOA) and night vision package, 9 hours on station at 12,000 feet (with IAI). 
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CAIEQORY IDA 

o Detection of m~ssile launches via ionosph~ric sounding (proposal). 

o HgCdTe IR focal plane anay development 

CATEGORY UIB 

o Intelligent target discriminator, the use of AI/expert systems for target 
discrimination (proposal). 

o The multi point sensors discriminator which identifies deco-ys by means of their 3D 
structures and features (proposal). 
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TADIRAN CQRRELATQRJENCODER 

Block diagram provides the function t1ow of a single pulse analysis circuit that permits pulse 

compression using Surface Acoustic Wave (SAW) technology. A matched filter is used as an 

optimum detector to correlate the incoming signal with a stored reference to overcome noise 

and jamming in spread spectrum communications for detection of the transmitted signal. The 

matched filter also can serve as a phase coded waveform by applying an impulse to the filter 

input. The correlation signal from the matched filter can be used for rapid synchronization 

acquisition and data demodulation, precision ranging. radar pulse comparison and signature 

comparison/identification. 
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TAD IRAN 
Function Flow of a Single Pulse Analysis Circuit Allowing Pulse Comparison 

BLQCK DIAGRAM 
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IADIRAN RECEIVER SXNCHRONIZATION BLOCK 

Tadiran•s typical application diagram is used to depict target signal analysis. The Israeli 

company is oriented towards development of custom made Surface Acoustic Wave devices. 

Fixed code and ele(;tronically programmable matched filters for PSK and MSK wavefonns up to 

a length of 30 microseconds at moderate hit rates are provided. 
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TADIRAN CORRELATION IN SAW MATCHED FILTER 

Tadiran's typical bi-phase Surface Acoustic Wave (SAW) matched filter is illustrated in the 

schematic diagram. The application of the RF signal to the filter input generates an Acoustic 

Surface Wave which propagates from the input to the output transducer. Applications of a 

narrow pulse to the input results in the PSK waveform at the output The waveform is phase 

coded according to the output transducer geometry. A time reversed replica of this signal 

applied to the input results in a correlation peak. 
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TADJ:BAN 

OPERATION 
A typical bi-phase SAW matched filter is illustrated schemati~lly 
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Attachment 1 

INTRODUcnON 

This section contains a series of unclassified. nonproprietary. and open literature 
summaries of science, technology and weapons systems developments whic~ the team collected 
during its visits to various compa~es and laboratories. 

These summaries contain data that include: 

o Comparisons between U.S. and Israeli electronic combat systemS. 

o Science and technology comparisons. 

o Armor and anti-armor comparisons. 

0 Category I technology summaries 
items. 

unique and different. technologically sound 

o Corporate/laboratory overviews where technological advances exist. 

o Physical and engineering data on technically advanced programs in an original 
format provided by allied organizations. 

o European laboratory technology assessment. 

More specific physics and engineering data are provided as proprietary technology in a 
limited distribution Proprietary Book 2. Volume 1 and 2. to support the assessment conclusions 
of the team members. 
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Attachment II 

NfXiEV has devised aane interesting and iMOvative ideas for 

pageroducing short wavelengths, the so-called solid fuel p1lsed 

chemical lasers. 'nley claim that they may be able tD get. as nuch as 

ten ldlojoul.es per pll.se in the bl\le-'9r'een (462 m). 

1hi8 device has considerable interest as a possible easily 

deployable rodcet.-launchecl opt.ic::al '"bellringer'". Ten ld..lojoul.es in the 

blue--<Jreen will enable these ltind of in:Uvidual. p1lse energies to 

penetrate into the ocean to a depth of l1000 feet. over an area of 

101000 square kilometers (a square 100 kilometer on the side). 

Relaxation of the depth requirement (US sut:marines do B)t normally 
. 

c:ruise tD that depth) CDJld lead to coverage of as nuch as 1 million 

square 'kilaneters down to l I 000 or 1, 500 feet. Should this lcind of 

laser prove feasible, it \Olld be possible to launch a laser of this 

type on waming and have it radiate over very large areas to 

considerable depths with a sinqle intense optical p.ll.se. This p.ll.se 

\oiOuld alert the submarine to caue to perisGq)e depth or \iilhatever 

prearranged ~ procedures are required. This is. therefore 1 of 

interest in the deployment and c:x:J!IIBM and amuol of our strategic 

subnarines. Since the weight of such a device involved is small 

(perhaps a1e pound of lead azide required to provide a 20 kilojoule 

p.ll.se) the system CDlld be m:::xlular with the FlS launched ASAT systan, 

and deployed to an altitude of sane 2,000 or 3,000 kil.aneters, then be 

allo.ied to shine dom an the ocean. 'n\e requirements of more 
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Attachment II 

than 1 mLllion square kilareters may be too at.ri~ent since the holding 

areas ~re probably smaller than at 1 million square kilomete~s i~ area. 

The idea is a derivative of techniques ~ch were used in the put 

S or 10 years to prod1.1ce intense C~ radiation in a detonat.inq 

mi.xture. The first chemical 'laser, based on the retction of hj'dro9en 

(or deuterium) with chlorine and fluorine, was carried out scme lS 

years ago by PUN!ntel and l<aapers at the University of california, 

Bed(eley. It was proposed that one c.:culd ta)(e the reaction of various 

materials with rretals aRi produce excited states of rretal oxides in the 

gas phase. One of these reactions, as cited in the SQROO report, ~ 

the reaction of tarium with nitrous oxide. ~ver, none of t.;o!S., 

approaches has proved fruitful: in fact ncne of them has ·...Qrkal. 

Another reaction proposed was the rection of nitrogen fluori1le ...,it.."l 

iali."18 f\uori.de to proluce a transfer d'lemiO'll laser. This has .also 

been unsu~sful. Previous research has centeral ~rour¥'1 continuous 

..rave lasers. One of the pr~ible.ms here is that the ::-eaction nte witt 

always be li1nit.ecl by diffusive mixin; as t,;e reactions described here 

are diffusioo a:nt.rolled c:hemi.c::al reactions. Other s::hernes i:1 whi·-:h 

excited states of nitrogen are utilized have not proved feasi'~le 

because of the deactivatiat p:-xess occurring in the oollision of 

nit.ro:Jen rrclecules. 

'n\e Israelis, hoolever, "ulve devised an extremely cl~ver appC"oac~ 

t.o solving the :':'any probler!5 3SSo<:iate:l with the production cf sh<'lrt 

wa.velenqth light: c:hemi.cal r:u:ping. The react ion t. "ley ha·.;e proposed i:; 

the detonation of lead azide. This produces lead and t.w:> and t."lree 

radicals ..m.ic:h then deconpose to fo~ an excited nit.rcge."l r.~:Jl~C'.llt! >il'lo:! 
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Attachment II 

two de-exc:i ted m lecules. The excited nit. roqen ml'!cule (upon 

a:>llision with lead) activates the lead am in tum is dactivatei. 

'n'le activated 'lead has a lifetine of ll milliseo::n:ls. 'n1ey poi:tt. out 

that pJp.Jl.atioo can be built up over a time much shorter than a 

lifetime, in fact over the ti.me of detaulticn of lead azide ..ru.d\ is a 

tine lilce one mic:roseccnd. Since the detonating lead azi:ie is a 

ho~eneous medium, D:) mixing is required to produce the reactioo; 

therefore, the reacticn is not diffusioo limited. There appear to be 

n::> scientific reasons tJny this scheme should not succeed. Other uides 

have also been proposed besides just o:::JPPer: magnesium, C&imium, am 

aluminUI'l\. The investigaton proposed to initiate their wot1< with lead, 

~ch appears to 'be the best understocd of these lasi.ng tnnsitions. 

nus is also convenient because the 462 nm line is so close to the 

:llilJtil1un penetratioo wave lenqt.h of the ocea.."\. ("The ..Jerlov Minimlm .. ) 

Various schemes have been proposed to generate a r.e1 iurn with the 

.llct.ive lead atoms. Granting 011r conclusion that there ac-e no 

scientific reasons why this scheme will not work, the prL"\Cipal 

pt":)blena seen to 'be hew to physicalll( arrange the detonating :M.terial. 

Shcul.d small ancunts be detonated atd allo.led to fl.ool into the c:hanb!c-, 

can large amounts of lead azide be detonated at high pressure? T':lC!Se 

questions nust be ~red in a practical .3es i9fl of t!le laser. 

It w:lUl.d appear that this is an ideal project for collaborative 

interaction with the Los 1\.lamos National Laboratot'y (I.ANL). It 

involves various aspectS of shock waves, gas :ij'11amics and quantum 

electronics of ~"le MO and M4 groups ani the shock tube gr:>Up at 
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Attachment II 

taa JUance, as well as the laser group. Livet:rore would also be a ~ 

c::an:iidate: hc:wever, Li vemt)re does not have a shc:x:k tw,e group that is 

dealing with issues invt~lved in the handling of the deta\ation pr~ucts 

...tdch are hot c;ases a:::min; fran the detonati.c:n. 

This is one of the more ingenious and useful i<ieas ~'e 

en.a::>untered durin;J our European tour. A copy of the prop->sa l is 

attached. 
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Attachment III 

The maxinum 9'Jn projectile vel.oc:ity o~ble by o:nventional 

maar. is about l kilaneter per secxn:!. 'ftU.s value is limited ·by tb'! 

bw:ning r.ate of the ptq~ellant, the sourd vel.oc:ity in the propellants, 

aft! in the lfln9th of the 'ban-el. One tries to ~.a&e light atcms euch a.<J 

the liglr:: gas gun, ard pre-cxaupress (or heat) the light ~ as in the 

bO st.agtt light gas guns. Here projec:ti.le velocity of seven or -tight 

ldlanete1:-s per sec:ond can be obt.ai.na1 with muses of 2o-~30 grams. 

Mother approach is to cxatrol the prcpellant burnin9 frcnt wave "a<J 

electric mMrls or actually heat the propellants by electrical enet'3Y 

sources. In the plasma heat.in9 t.echnique an electric discharge t.ak•s . 
place bet~ a solid cathode tlu'ough a l'10llo-oed 0\lt. cylindic:al ~vity 

in CH2 or some other. type of propellant. The temperatures .m1 

pressures attained \Q.lld be on the· ordE!f' of several fN and sevf!lral 

kiloban. The plasma jet prod\leed inter~c:ta -..lith a light nuL\ 

·propellant whi.C'\ c:an be water, prq.ne or ~ other light subcJtanc:.'ll!_. 

The plasma flowi..~ out of the end of tl'i.e cylindrical tube di.sc'ha.r;es 

throu;h a supersonic: nozzie and its vel<city is then several tens ~f 

kilometers per secxn1. This hot plasma ;iet interacts with light fluid 

mentic:ne3 at:ove and Stac:Jn&tes. "n\e mixing and heat exchange between 

the fluids increases the t:ase pressure and aeeelerates the projectile. 

A rectangular pressure shape ean be obtai..,ed by tailoring this charge. 

The ae<:eleration ea.n be extended to very high velocities because, clle 

90\ni veloeit:l 
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Attachment Ill 

in the vaporiz~ accelenlting l'l'l!dium is 1Ar9e ~ad with that ~f the 

propellants. 'ft\is is a result of the hl9h pressure am temperatures· 

ac'hievad. 

The other projectile concept ongoing in SOR£0 is the bas~ 

accalera.ticn of a projectile by attached propellant. 'n\is scheme is 

also being exarnined in French and German latontories. 'ftle SORfXl 

personnel us~ cx:llbinai electrical and chemical efWr9Y sources. In 

this technique various sc:hemes can be used to oontain propellent -'rourU 

the adge of the projectile, protecting the walls of the barrel. Both 

electrical and chemiall energy sources are used. 'ftl8 plasma jets 

dischargi.rl) at. very hi9h velocity ablate the charge and incr3aSe th~ . 
propellant burn rate along the projectile base. 'n\is thrust is 

enhanad • a result of terminal pressure in the closed barrel. Only 

prelinti.nary analysis has been done using these techniques, aru they 

have made no claims as t..:) the :naxinun projectile velocity they ca."l 

obt.ai."l. 1bey do enpw.ize the utilization of vacious c:lnponents of 

available hardware, such as a 50 caliber rifle barrel with a 'breech 

a.ssenbly CDllpltible with toth the plasma injector an3 the platfol"m on 

which it 1s rnowlted. 

These ideas seem very fruitful, but they have not been developeJ 

in a sufficently detailed way. Again, oollaborative planG sho·.JU be 

started with BRL and t."\e u. Alane& Latcratory usinq hydro!~c:s am 

detonation oodes. This work should also be integrate:! into t."le ...,..,rk 

done else.tle.re in Europe. 1be paper de5cribing this ·..ork follows. 
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Attachment IV 

CATEGORY I I'l'Dt: 'niE USE OF Hg Zn Te IN IR CEl'i'l.'TORS - SOREQ 

~ the nest pranisi.ng materials for IR detector are tw:>-six 

o::l1p)Unda Wic:h tlw semi-metal n~~rcury telluride that can be twwd to 

yield a. semi-cx:n!uc:tor with a. l::Bnd gap that vaniahes a.t an intemedia.te 

alloy WlpJ&it.icn. By utili&ing this effect it ie pcaeible to Obtain 

narrc:w depth semi-cx:n!uc:tors for IR detectors. nut mercury c:admi~ 

tellurides have been studied extensively l>eca.use of their high 

performance photoconductive a.nd photosensitive c:a.pa.bility. 

Unfortunately, the set of rnarauy c:admiuna telluride o::l1p)Unda are 

unstable. It has been ab::wn tha.t the mercury telluride bond is 

dest&biliza:l by alloying it with c:admium tellurides: cn the other hand, 

the lxD:1 is stabilized by the additicn of zinc. nw grCMth of single 

crystal solid solutioos of mercury zinc telluride was first reported in 

Applied Physics Letters l .1a.nuary 1985 by tlw SOR!ll group. 

The scientific: paper involving the testing of mercury zinc: 

telluride, pic:t.ures of the noir6 qualiey of the epitaXial layers, the 

so c:alled "rocki..ng chair": in general, overall performance is discussed 

thoroughly in the attached references. 

It is clear that mercury zinc telluride appears to be a superior 

IIBterial. ~er we nust r01 test a.ct.ual detector arrays in various 

geanetric configurations. As this new material appears capable of 

replacing currently proposed detector llllteria.l, there should be an 

active program initiated in ccllaboratia1 with a university, Bell tabs 

or some corporate entity to place the mercury zinc: telluride crys~ls 
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Attachment IV 

in variOJS 'kinds of arrays. tn this way performance can be ncni tored in 

a practical '4Y. See attacha! Referenees • 

. .... 
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Attachment V 

El C4> 1.8 an electro-Qptical. -systatW bcuae develq>ift9, designin; 

and manufact.uri.ng, with a ecncentraticn en at.Svances in tec:Mology in a 

numtler of areas that c:ould be l.ttilized by the Strategic Defense 
. • .•. t 

Initiative Organization, and Defense Department ,R~.search and ... 

~i.neeri.DJ in tactical weapona areu • Technolo;y developnents 

inclur!ez 

o Hel.nat. Display SyRa'D (im) a 'ft18 _IDJ .18 bLeed on an el~ 

cptic devic:e wbic:h aens• the pilot's head. position and 

perMits the p4.l.at. to slave cnto a tar9et with th8 displa~ am 

lighting system. 

o Ncn-rec:yclift9 <:x>oz laser that c:an increase average p::wer by an 

CZ'dar of magnitude by ccntinuowlly exciting the sealed off 

laaen !Dr anergy ext.rac:ticn taaed en coaxial c::cnfiguration 

d•ig~W' to rem:MI heat. FUnctioning at a few ulo-att.s of .-

powr, the sealed-off laser c:an be used to detect .!eooy 

signawre., mau~.tn velocity and bli.nS eenaors. 

o Hcl.ographic rauc-reflec:tora and beam transformer opec:atit19 

in the viaible to nev lnfrue:1 (0.41, 1.3 and 2. 7 microns) 

in a very lightweight an4 compact eystem with •~ror19 
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Attachment V 

o SOlid etate Nd: YAG and Nd:Gl.asa lasers q.enting in the 

vt.ible and ultraviolet at near diffraction-limited 

di~t9ance at relatively hi9b avenge p::JWer of 20.90 W at the 

variowt ~velenghts. The application could be for SOl 

surveillance and tracking of apace targets. 1t1e technologies 

involve incluc:Se sla~~i.ng. phase-o:JnjUCJation, harmonic 

ganerat.icn and beam cleanup by stillulated Raman 

scatterin). 

o A laser radar systan usin9 new a::ncept.s an:! COiipJilents. ~ 

system is frequency stabilized, compact and sealecl-off 

t.ranscei ver for hi9h CXIberent detec:t.icn. 

o A new a::nCIIpt in stabilized 'hetertdyne/hala!yne systena for 

active imagitJJ, Doppler veloeit.y sensors. tradd.nq sensors 

and laser radars. 

El ~ also sped.alius in other types of laser ~stems ancl t."ley 

have a fairly substantial capability in various areas of laser 

physics. 1be l.astest syst.En to be investigate:) by EL CR is a solid 

state laser that vill Clperate at 416 nm at 50 pll.ses per secad. lbis 

wavelength is obtained by Ranan shift.ing to a Jrd. har.ronic which yields 

a Uft of 355 m. The lWian a::nversicn takes place in a gas eell 

alfttai.ni.ng the Raman ac:ti ve Iridium. 'ftle project goal is a 30 watt 

eutp!t average pcwer at 416 nm vith a frac:ticn number of ~le 

eli vergence. The basic technical aJ:'C) scientific explorat.icn has tleen 

proven in other areas: the slab laser technique was developed and 
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· Attachment V 

utilized at Livemore 10 to 15 years aqo. ~ch of the recent Raman 

worlt by Komine, Mani Bhaumik, and Eddie Stappaert.s at Northrop is 

~t further advanced in theroret.ic:al understanding. El ~ may 

have advantages in the pacl(agi.ng and the implementation into an ovenlll 

system of this kind. 

I .1:1··:· .:1·;:·:111 1.1' ,.,.1•" 1-i ,.; .:11• 
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Attachment V-A 

Based on the prq,erties of gelatin. the tedv1ology of the gelatin 

holographic: elemmt ia not angle dependent and ean provide replacesaents for 

lenaes. pri.,. and speeual filters. El, CP is using this technology with 

CXI!prt.er-generated 'holography and is developing holographic: optieal el.enents 

outside the visible part of the spec:tr~R. 

'lbe ~lognphic: ~ic:al elenent. tedv1ology is a field that is expandi."liJ 

rapidly in applications. One ~sible application prop:15ed by El, CP is for 

IFF use, si.nce the thin film gelatin is highly selective in wavelength, and 

avoids the three apex lines with high ac:curac:y of the deflection angle 

aaint.e..iDed. Another applic:ation is stealth in the visible or ta ~-· 

~ has specifically applia:l this technology to a Helnet Display 

system ...tU.ch increases t."'e eaat pilot. s first-sb:lt tine line by !oc:usin; 

accurately on the target and allc:wing a c:anplete freedcm of head rtgvetent. 

The aDS measures line of sight to target relative to a reference 

frame. It processes this infornation for use in target acquisition and 

o:nt.rol weap:n delivery system and renote sensors. 

'the stablized display syntcls remain in space and rrcve into the scene 

or out of it as the pilot shifts his line of sight. 
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Attachment V-A 

'h eynb)ls are det.erminet1 by the fire control ea.puter ~ch naU. tors 

variOUB inplU, auc:h uc hel.nwt poeiticn, line of Bight, range to tar<Jet., 

ballistic::s, wind data, etc. 

'nw opt.ical system 18 holographic. It projec:t.s a a:>llinLt.S ifta9e into 

the pilot•s visual nnge. 'n\e ·dieplay, which is transferred through 

fibercpt.ica fl"CJll a 'hi<Jh-brightnesa CRl', is fixe into the helJret. The pilot 

seas an iM!ge regardless of the direc:tion in ~ch he turns his head and is 

free to lll)nitor cockpit displays as well as outside aoenarioa. 

prot.ectAd fran jalm1ng since the ~ ~ be reflectad. 
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Attachment V-A 

* HDEA «1e. fe~c"e& ~ '-eo,efrit:At (l)t~sf~Ta~B . 

/IOE . 

TO ji-rsf o-rJ.e-rJ a. 1/0E u not o.Hecftd 

e.~ fk sJa4pe of t/te su8sfnte . 
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AttachMent V-A 

A sc'm'& HoE Cll4t k u.seJ. fo 'Tef~Ce 

p1Vl'W14 1111ttl 4fect17i! fc~. 
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Attac hment V-A 

tLft !~ fa.r /Jtf/ecltvd'r-
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Attachment V-B 

~ I I'l'D'Is HIGH POIER SE,a,r.m Cf'F ~ LASER- .EL fR 

High powered c~ lasers normally extnct heat by a::n:luct.ion 

through the cavity wall and then to a gas ..Uch is rerroved fran the 

caVity. nus ia necasary because of therm!ll effects that reduce the 

efficiency of the laser. £1 ~ ha8 developed a scheme in 11ttdch the 

cavity is designed with a four pus system ~ch is cylindrically 

syrmatric. The length of the cooUJWJ surface can be exten:!a1, and the 

sides of the cylindr.ical shells can be ax>led mre easily. 'ft1e 

.inp'ovementa achieved t1.f this tec:hnique are i.ncreased po.ov per unit 

length and a nore stablizing frequency with nDr~t CXlllt.rolled t~rature 

effects. This sample s.ealed off laser was set to operate at 4 to S 

kilo.ratta ccntinuously. lt is pl~ to be upgraded and ha8 p)tential 

for inproving the laser radar currently under developent at 'El Cl>· 
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Attachment VI 

Cateaory 1 ltee: VIGGLERLESS FlEE ELECTRON LASERS •• BEllEW 

UNIVERSITY 

Scteettsta vorktns at the Hebrew Untveraity of Jeruealee, Yale and the 

Office of Naval leaeareh have come up vlth an lnteresttns acheee to construct 

a free electron laser vtthout a vtacler, uelna a •tvo beaa• accelerator. This 

possibility vas alto studied theoretically, althouah without reference to 

specific beam sources, by the Frascetl aroup. 

Theta 1nveatlaetora propose abandontna the use of vtsslera for 

stleulattas optical eetssloa fro. a charced particle beam, aad propose Instead 

a tvo·ttace accelerator approach based oa u1tas easnettc fields. This Is 

show to Ft.sure 1 of the attached paper. 

As shovo ln Ftsure 1 electrons are Introduced from the accelerator at an 

enersy of 2 MeV and a curreot of 3 ktloampa. They are Introduced at an anale 

to the tvo ••meta so that a spatially cohereot helical orbit can be produced 

for all the electrons. O.S em radiatloG ts coupled from stace one to stase 

two to serve as a driver for the autoresonant accelerator ln stase tvo. The 

radiation ts focused Into a tapered ltcht pipe for acceleration eo~ efflcteney 

io focustnc. In thts arraaseeent the compact devtee can produce 10 MeV 

electron beaes. Io the first staae, ao lotense electromagnetic wave vlth 

circular polarization Is aeoerated by ustna the magnetic field shown In Figure 

1. 

In the secoad stace, the output of the vlssler·free FEL is used for 

accelerattoa electrons, koown as the ayro-resonance accelerator. thts 

nomenklatura derives from the fact that a tranverse electr01agn~ttc vave, 

vbich can accelerate charsed particles movlns tn resonance with the wave, ts 

autoresonant. 
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Attachment VI 

Altbou1b lt aay be dtfflcult to acale thtt ldea. and thle ls etlll a 

matter of coatroverty 1 ther• 11 oo queettoo that the compact oature of the 

tecoad 1ta1e accelerattoa 11 attractive. The•e tndtvldual• abould do 

exper~•att which vlll 1tve tbem a clear koovledse of how acaleeble thelr 

ayate• 11 1 aud bow compact tbe flrtt atase caa be cade. 
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Attachment VII 

Catecory I Itea: !XClMER KlN!TICS BEBREW UNlV!RSITY, RACAH INSTITUTE 

These iaveaticators propoae to ttudy the secondary electron kinetics of 

!•be .. pumped exclaer laser cas aixturea. These are the typical rare cas 

halide (ao·called exclplex syatems), excited coeplexea of kryptroa fluoride 

and xenoo fluoride. To date, these data have always been inferred. However, 

theae inveatiaators proposed to obtain direct iaforaatioa on the secondary 

electrooa by measurement of electron deoslty ustna time resolved 

laterferoaetry, aeasureaeot of the averaae colltston frequency of the 

secondary electrons by infrared absorption, and measurement of current vhea aa 

external electrical field is applied. AI the investtaatora point out, drift 

velocity can be derived fro. the third •easuremeat, aad thua froa the second 

aeaaure•ent the averace electron eaeray can be evaluated. The laboratory has 

made a number of advances to this area. They bave also pointed out that the 

computer codes used to obtala electron eaer11 distribution caaaot be correct 

to the case of xeaoa chloride. Aa a result, they have also requested fundina 

directly to measure eaer11 dtttrlbuttoa by Tboapsoo scattertaa. A_s they point 

out; this 1t a crt t teal aeasuremeat; tbe Office of Naval Research ls currently 

fuodtac these projects and considers thea slaaiftcaat. For exaeple, 

iafor.atton obtained by tbese •eaaureaents may enable ua to obtain laser 

ac~toa oo aoae of the linea to xeaoa fluoride which are Ia the visible; 

ape~tftcally, lines to the 420•500 aa rao1e (C ·A transition). It vas never 

clear that obtatniaa lasla& acttoa wtth eajor amounts of energy to these ltoes 

vaa practical, but the proposed aeasureaeots should provide taformatloa oa 

that proble•. Of course, intense laaer sources in the visible are extremely 

valuable for a au•ber of applications. ta particular it would be useful to 

obtain vtde band tunable lasias action to the vistbl•, which would eliminate 

the problem of the lead Raaaa cell for·subaarlae laser commualcatloas. The 
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Attachment VII 

c•rr••t coecepta u .. a xeaoa cblorl4• laaer operattac at 308 aa, vttb a lead 

..,or ..... cell for 1blftla1 to 4St ••, co.pett•t• vttb tbe ce1tu. Yapor 

fUter nce!Yu. 

t.cab laetttate-, propotal ta attached. 
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Attachment VII 

liMETIC STUDIES Ill UCDtD WEt MEDIA 

Proposal of lebrev Oaivesity -- laeab laetttute 

1be folloviac repreaeDts eo outltae of researeb, dtreetly relevaDt to SDI 

objeettves, that CM 1Mt cGDdueted eoat effeettveb at hbnv DDhersltJ. Tbh 

reaeareb vtll support oaaotaa SDI researeh lD tbe areaa of exetaer laaera aDd 

a~oapherie propaaati~. Tbe first tvo taaka are foeused oo developtac a aore 

eoapreheostve aodel for the ttoette proceaaes tD rare aas halide lasers and 

eould lead to tDveDttoa of aev effldeat la~er a,neaa tDvohtq eleetrOD hea~~ 

puaped rare aas aysteas. 'lbese laser a,neaa eaa aot OlllJ h seale to tbe 

ultra•htah power required for aeaattoa of IelMa ~ut eaa alao, io lover power 

.erataas ftDd broad applteattoaa to tDteraettve dtsertataattOD, laser taraet 

deataoattoa and to developaeat of preetae traetlDI aad potattoa SJit .. s. 

the third area of reaeareh ts eeDtered oa providiac a aore eoapreheastve 

aaderstaadtDS of those DODltaear laaaa proeesses ta the a~oapbere wbteb aay 

play aa laportaat role Ia deteretalaa tbe peak l .. er power levels vbteb caD be 

transmitted tbrouab the ataospbere effteteatly. The proposed research would 

h Ia three ares: These are: 

o IovesttaatiOD of the seeGDdary eleetroa ktaettes of £•beaa pumped as 

well aa E-beaa and dtaeharae puaped laeer aas mtatures. Tbese tnelude tbe 

rare aas halide exciplex aysteas aad other Dev rare aas laser systems. 

In aeaeral, the 1Dforaat1oa OD the role of secondary electroDs to laser 

perfor.aaee ts derived froa elaborate codes ~lch are oot altosether accurate 

or, at the least, have oot beeo vertfted over a vide raoge of paraaeters. 

The Idea ts to collect dtreet experimental lnformatloa on the secondary 

eleetroas. 

The dlagaostles are: 1) Measurement of eleetroa denstty as a funettoa 

of time by time resolved interferometry. 2) Measurement of the averase 
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.Attachment VII 

colllaSoa frequeocy of the tecondary electron• by far Safrared abtorptloa. l)· 

Curreat aeanreaeat vbeo exteroal fteld 11 applied. All aaanreaeau vUl be. 

doaa 11 D fuact10D of par .. etert tucb •• aaa· preaaure aad coapotltloa, !-be .. 

curreot, !-field atrenatb,-etc. Froa tbe third aeaaureaent, tbe drift 

velocltJ caa be derived aad froa the tecoad and tbtrd aeaaureaeata ead averaae 

electroa eneriJ caa be evaluated. 

At Bebrav Untvert1ty, lab expertaeata already are runatns alona these 

llae• vttb a very aodett budaet, vttb lateretttns reaultt. For exaaple, ta 

aeaturlnl for tbe ftrlt ttae tbe atttc~ent rate to '~ la 1-be .. puaped Ar/F• 

atxture•, wttbout !! exteroal !!!!!· MoreOYer, the reaultl thow clearly a 

coaalderable dependeace of the attac~eat rate oa fluorlae deaalty tadtcatlal 

ID tocrease tn electron eaeriJ wlth tncreatla& r~coacentrattoa, vhtch Is 

~utte a aurprt1taa result but is believed to be uaderstood. 

It ts aatlclpated that aa laveltlaatloa would take approxta•tely three 

years at a budaet level of S60R per year. 

o Iavestt&atloa of the secoadary electron ener17 dlttrtbutton la E-be .. 

puaped as well a1 1-be .. and dlacharae puaped later 1a1 atxcurea by Thompsoa 

acatterta&• 

Bolt~aaa codea are betas ueed to dertve the electron ener17 

dlltrlbutlon. Tbue codu have aot beea verified experllleatally. At least Ia 

oae caae (that of leCl) the codel canaot be true. The electroa eaergy 

dlttrlbutloa caa be studied experlaeatally by Thompson scattertaa. It Is a 

very difficult experlaeat, but lt 11 doable. We have quite thorou1hly 

enalyted the probl .. aad have deatgDed the experf•ent tncludlal tlanal to 

aolte evaluattoa. These measureaentl caa be doae on the saae syst••• as 1a 

caae A and aa fuact1oa of the dtffereot paraaetera. 

Thll project will t1ke l - 4 ye1r1 It a bud1et level of S60K • year, I.e., 
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Attachment VII 

o Hebrev Outverstty elto proposes expert•entel vork ID uaderttandtos 

a .. aa procestet vbtcb do.taate ataoapbertc traoaattetoa and tn perttcular to 

atudy the phyttcal a1pecte of the relattoashtp amoos satn, frequency 1pread, 

dtaperatoo and phate froot control. 

The exltttns major equipment tn the lab includes: 

£-be.. (cable sun, 300 oaec, 150KeV, 15A/cm2). 

- Btomatto dtstttzer vt~h 2Sec/dtv reaolutton, booked to Apple 

co.puter, for time resolved recordtns and aaalytts. 

- $pectrometera (vartety) + OMA hooked to Apple computer for epectrum 

recordtns and aaalyate. 

- Appollo C02 laaer + F.I.a. laaer for I.R. Interferometry aad far 

tafrared abeorpttoa. 

Ruby laaer -- for Tho.psoa scettertas. 

- Power auppltea (variety); 

- Vacuu• system and pumps (variety). 

- Detectors aad pbotodlodes (vartety). 

There also ts a Lambda Phyatks short pulse exc1mer laser + dye laser and 

a CW Nd tas laser. For major numerical analysts the Uoverslty has a Cyber 

computer 180 • 8SS C.D.C. 
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Attachment VIII 

~ I ITDb ~ OE'l'ECl'ORS - MFAEL 

Sc:ientista at Rafael have o::ina up with an ingenious way of using 

th-e propertieli of a glow discharge plasma to c!etect mic:rawave and 
-

millimeter waves. 'nle att.rac:tiveneae of the project lies in the 

ability of the di.sc:hai9e to withstand nuclear weapaw effec:ts. A 9low 

diad\arge pla.sna operates at a fw h\n:lred volts of applied voltage 

with current denaities varying betwen 1o-S and lo-1 anpres per square 

eentilneter. 'lha Rafael investigators indicate that a foa1l plane array 

can be <XIn&~ of glow discharge elerra1ts to lnage mic:QI!&ve and 

millimeter wave radation. "nlese tubes w::mc on tl18 principle that 1111'\en 

an electromagnetic vava illuminates the glow discharge tube, the 

voltage current c:hara9teristic of the tube changes. 0\anges in the 

tube d\ancteristic:a are reflected u a voltage ~e across a load 

resistor. In this manner the gla..t pla-sma functions as a video 

detec:t.or. Wark on these types of devices was initated around 1965. In 

the early 1980's, Wael carried cut research on the interaction 

'betveen . electromagnetic vaves and the glow disc::harge plasma and, 

ac:cr:mSinJ to tl18 investigaton, this information is sufficient t~ 

design tubes. 

A na jor question with these types of detectors is sensitivity. A 

ptogram shculd be carrieS cut to determi.ne ..t\ether their sensitivity 

can be high encugh to wcpete with solid state detectors. 

'nle investigators list a number of the advantages of this type of 

device. 'ftley point out the tube is self a:mtained and doel not have ~ 
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Attachment VIII 

be. fixed in a wave guide as does a solid state detector a~ the 

detectim is a ''volune" effec:t~ the wave is absorbed througl'olt the 

plasma. Since an absorption can take place throughout the volune of 

the tube the radiat.im needs not. be focused or ocncentrated in a 11111!11 

area such as \IIOuld be required of a solid state device. This 

capability may also indicate a decreased sensitivity. Another 

advantage is the faet that these arrays can remain quite small and that 

larger arrays are cutrer'ltly bei.n:1 fabricate:! as panel displays or 

plasma displays, a reflec:tim of the fact that it is possible to 

fabricate and assemble these devices in l4r9e I'IIJI1Ibers. The principal 

advantaqe. hcwever, is the resistance of these devices to a nuclear 

environnw\t. They. have resistance to high po..oer mic:rOAve radiation, 

high p::wer lasers, EMP, and 'blast, beat and radiatioo fran nuclear 

explosions. The devices have a fast response time and are 

inexpensive. However, the principal issue is sensitivity. The 

investigators shalld determine the sensitivity which one could expect 

'at optimizing the detectors. Furthemcre, there should be a systE!Tl 

stl.dy done to see whether the sensitivity hypothesized is suffi:ient 

for detection requirmtents for tactical or strategic applications. 
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Attachrneht IX 

Cl'IIGCI! 1 lUll: S(l'tv&U LOGIC • WAIL (6 OIIDS) 

-
. IDd tbat 100S ... uruaa ot NU.a•uur ud aor...ctaeN aUBOt be provided 

purelr uuc wa approaab. lacutlr, wa bu baeD pubUctaacl br D.&.. PVDu 

u a pvtiOUlarlr aeriou iaaue tar SDl. &a lltaruUva approaob uuc 

toi"Ul Mtboda buacl CD utb ... Uaal 1011a ou h u.cl tor tbe apaoit1o1attoa 

of HCllliruaDta tolland bJ tba dnoutrauoa ot aorract.Dau of tbe ruultut 

aottv.,.. Nl&UYa to tba torul apaoitiaat10D. !be mt project dou bf 

SU tor USA 1D 1917 JQ1Dta to tbe taut.•uur of t.aaia approaob, altboUCb 

tbaN vu DO a-.aal. SoM aparta do DOt baUava tllat tllil approacb au 

be aaal.cl up to lvc• eottv&N •ratau. 

lowYar t NC•t teobDOlOC1Cal ldvuaaa IDd OOAt1Jlu1q vork ba1q doDa 

bf tbe IareaU • • 1A tbil vea ottara bopa of aSp1t1cut taprovaaut ia 

aottvara ral1ab1litr. tb••• advucaa tDolude taaporal loatca tor •paattr1DI 

ud verlfflDI ooaourreDt procr•••• advaao.cl vonatatloDe tor aottv&N 

a~c1f1aattoa ud var1tioattoa, aDd &I aottvva tor tbeor•• provlq. 'l'ba 

raaearobara at lataal bava applied SII' a lDterval T•oral Lcato to u 

It ia r.aa..eadad tbat SDIO ooaa1der tuDdiDI aoma von of tbla Datura 

1A Iaraal. !be toou tor tbla tiortc could ba Dr. Mordeobai lea-&rl ot Rataal 

aad !aoutoa. Otbara doilll NlnMt vortl ve Prota. b1r PDuaU, Zobar 

Muiaa IDd David llaral ot t.ba Vaiaua IutUuta of Soiaaoe u wall u a 

croup at laraeu Uroran ladutrtea. 
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Attachment X 

CATEGORY I ITEM: COMPUTER VlSlOI • ILBIT 

Rasaarcb oa coaputer v1a1oa baa b"a carried out by Hr. llu Tamcbes 

.ot Elb1t tor tba put the or au yeara. ne obJective ot tb1s r.search 

baa beea aenraltold. !be tirat 1a to provide a d1&1tal reprueatatioa 

ot aa taace aa etticieat aumer, tbua proddiq data coapreaaion. Tbe 

aecoad is to provide pattera recoQ&Dit1oa 1D ao adaptive aaDDer tor tarset 

recoaait1oa aDd diacria1Datioa appl1cat1oaa. !be third ia tbat tbe alsor1tbu 

sbould be COIIPutaUoaally ett1c1eat aDd lead tbeuelves to u etticieat 

pbystcally aaall, li&bt Wi.Sbt ud low power packaae appropriate to tactical 

applicatioaa aod .. ea ezpeadable uae. 

Tbe alaoritba, developed by Hr. Taaches, consists ot aearcbiD& tor 

areaa ot 1Dter.at, aappial tbe tield ot view 1Dto a set ot obaracterisUc 

tranatorm coetticieats, ud tbea pattern recosa1z1na by aeans ot discriiDinent 

tuactioas applied to tbese coett1c1eats. Tbis is boiled dowa to a discriainant 

operator (by a learaiq process) wbicb produces a stnale number, wbicb 

it positive iapUes a taraet or it aaaat1ve illplies backaround. The 

coatticieats are derived by tranato~ (masks ot tbe 1aaae 1D ways related 

to bow tbe eye and tbe braill process aaaery &Dd bow a person searches 

tor patteraa. Soaa 1Ditial theoretical work wu doae aloD& this line at 

MIT by tubet ud Wei~el 1D 1981. Tbe aJ.aoritbll takes into account the 

diaeas1ona ot color, aot1oa, aad stereo. The al&oritma does not distort 

the aaae aad is 1Dvariaat to rotation, poaitioD and size. Elbit bas achieved 

98.5S claasttication success tor tbe a1aor1tbll on tactical type taraets. 
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Attachment X 

Tbe coaputiaa power required by tbe &lloritbm 1a 0.5 G1S•·1Datruct1ooa 

per eeooa4·, vbicb prov1dea search and cSetecttoo ratea or 7 (512 1l 512) 

truea per aecoocS. .l apec1al purpoae proceasor tor 1Jipleaeat1D8 tbe al&oritbm 

baa bHD bu1l t uainS a parallel arohttecture. It vei&ba 33 1ba., baa cS111eoa1ooa 

Tb1a approach bolda proaiae tor be1Q& a stao1t1clllt advuce in the 

area ot real time taraet 1deat1t1cat1oa UlCS location as well aa data 

compreaatoo tor cooveot1ooal and strateatc app11c&t1ooa. 
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Attachment XI 

Electronic Warfare 

The Israel Porces ~tilize Electronic Warfare as a segment of 
their integrated defense forces. This aspect of electronics is 
combined with electronic intelligence, comm~nications, 
reconnaissance and weapons within the C3I network. Res~lts 
indicate a very effective ~se of EW to protect critical elements 
of equipment and personnel and provide a very effective •soft 
kill• capability to supplement weapon systems. 

Israeli aircraft ~tilize equipment and DoD systems built to 
u.s. standards, compatible Radar Warning Receivers (RWR>, decoys, 
ECCM devices and procedures, as well as dedicated electronic 
combat aircraft for effectiveness within the close confines of 
range, reaction time and threats. 

The aircraft systems are supplemented by drones that provide 
real-time target data directly to the cockpit of tactical 
aircraft. Israel has command type aircraft <Boeing 707, etc.> 
that provide Cll for air operations. 

Ground systems include several configurations of vehicle and 
fixed base systems capable of complete tactical C3I, and include 
RP/DF and full SIGINT capabilities. The naval command also has an 
integrated Cli system with f~lly operational fixed site and 
shipboard systems. 

All facilities are integrated 
intelligence/command/communications system 
military operations. 

into a secure 
that controls all 

Key factors in technology associated with the electronic 
combat systems incl~de: 

o VLSI Circuits 

o Real-Time Processing 

o II Processing Capability 

o Extensive Microelectronics at all levels 

o Application of known technology at all levels. 

An example of utilization of technology includes airborne 
equipment with a VLSI circuit (2 micron size, 12K gates> 
integrated into a miniature device with a SAW <Surface Acoustic 
Wave> element that is totally reprogrammable and capable of 
providing single pulse processing to the antennae of an airborne 
radar. 

This example of 
information is a 
electronic systems. 

~roces3ing precise and critical points of 
strength that is implemented in Israeli 
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Attachment XI 

The electronic combat systems are designed and fully 
functional for Israel and the 50 mile wide geographic constraints 
of the country. The need for fully operational indications and 
warning, threat assessment and 24 hour reliability of EW equipment 
to effectively counter an attack is reflected in the Israeli 
systems. 

The designs are basic and employ existing technology in 
fielded devices. The integration of various devices into field 
systems is very apparent and functions as an integrated C3I system 
for all ground, air and naval operations. 

The maximum available substrate width (about 2•> and the 
requirement that the transducer be several tens of wavelengths 
wide for efficient operation limit the lower frequency to about 10 
MBz. The upper limit of l GBz is due to mask fabrication and 
photolithographic constraints, as well as to propagation losses. 

The maximal relative bandwi.dth for reasonable insertion loss 
and second order effects is about 40\, while the minimal bandwidth 
is of the order of 0.1\. 

The maximum available length of substrate (about 6~> limits 
the maxim11m delay to SO microseconds, while the minimal ,jelay of 
several hundred nanoseconds is due to RF isolation difficulties if 
the two transducers are· too close to each other. 

SAW devices, being completely passive, feature a high dynamic 
range relative to noise, despite the relatively high insertion 
loss. They also feature high bandwidth and center frequencies as 
compared to digital, ceo or crystal devices. Compared to lumped 
element components, they exhibit the well-known microelectronic 
advantages of small size, high reproducibility, ruggedness and 
freedom from tuning. Their performance, particularly of matched 
filters and pulse compressors, is unique. 

Typical Applications of SAW CHIRP Filters: 

o Radar Pulse Coapression: Improves resolution for a. given 
range or for jamming immunity. 

o Past Frequency Synthesis: Mixes the output of two CHIRP 
expanders impulsed with a variable ~elay. 

o ESM Compressive (Microscan> Receivers: Based on two CHIRP 
filters, provide a fast real-time analysis of a wide 
frequency bank with good resolution. 

o Fourier Transform Processors: Provide real-time analysis of 
both amplitude and phase. 

o Variable ·(Voltage-controlled> Delay Lines 

o Time Compression/Expansion or Reversal Systems 
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-------------------··..._ ____________ _ 

Center Frequency 
Itt Rate (8andvidth) 
Cod~ Durat ton 
c~de Lenach 
~tfutu h t ion 

$y11bot 

'() 
b 

T 
s • rr 

:.dlllt inr 

!Jcsi~n~ 

btt • 70 MHz 

~ • 1: !1bs 

~ - ::!~ ~~~ 

32 - }(1(1 b1 u 

··~.:. ~l<-
Fixe:d Code· ''r 
J• ror. UINft,,~ h· 

llc.•s a a:n 
C.1p~bil tt~· 

U5l tr;, ~0'• !"!!t: 
up to lOt• ~b~ 

ur th )f .. ~ 
UJI t ~· l (,(•(· :ti:f. 

t 
~----------------------------------------·-·---

SAW Chirp Compressors/Expnndera -- . 
Model ST St ST ST ST ST Dest~n 

Para11ecer 4007 4101 4102 4103 4201 4202 CapabtUcy 

Center Frequency 
< Mllz·) 60 180 60 60 60 sso 70() 

8andvidth - 8 
(Exp~nder) (~utz) 20 so 6.3 6.1 17 190 200 

Ohpe•r:tivc O"•l.t~ • T . 
[!l:xpanderl (,r") 2S l8 3.4 4.8 17.) o.i. :s 

T x 8 P r"cluc t c;oo 900 2l 29 300 76 l!J(J(J 

r.oa~prtoucd l'u he 
Width At ·!odR 

( n:o; :II<UC) \\ :!\ :!'IU ~9() K) fa .. 
Sidcltlb<' 1.-.-vt'l t~K) -n -ll -:!4 -24 -l~ ·l'J ! 1-JS 

f nst' rt i "n l.nl'l s (elK) \1 4\ :!fa 2() t..2· ll --
.._ -· ··--·-·-- ·------~------ -·-'-- ·---~----.-·--·--
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- .. . . . -- .. . -·· ·- ... . ·-···-·------------
S vnab,d 

-----···-- ---·------- ---· -·---------------~ 
t~nt•r Fr~qu~nc~ 

FUI.' t tun01l l.ln~wl.ll h ,J •) ,JB 

<.; rc."p Dd .. y 

~h4P~ Factor S. f . 

S tdcl•l~ lh: j,•d iol ll IC 
,, .. ,r II t mh.• IC i Ill' 1.: A r 

l' h ;IM' lh'v Lit i .. u 1 ru111 I. i "'' " rt t '! Pta' t t 
c; roup 11~1 ;•~ \'ara.&t i••n l'tl' · tfDr 

l n!h•rtit.Jn l.t.J10s 1 . 1 .. 

HI .. 70u !'Ill& 

IJ , Jl - 4(Jl 

n .5 - ~u us 

dovn to I . tO : I 

up to bO diS 

down to !0. )dB 

duwn tu l~ 

dgwn to )0 ns 
l - )0 d8 

~--------- · -------------------------------------------------~ 
SAW 8andpa•• Fllter Type• 

Center )ell Rejec:tlon Stopband Insertion 
Ty.,. Frequency Bandwidth ltandvldth RejecUon Loss 

at 40 &18 

HHz 11Hz Kit~ dB dl 

ST1911 35.15 0.3 0 .6 40 ll 

ST19l0 35 .2S 0.8 3.2 40 IS 
ST1308 35 . 25 1. 1 3.9 40 lO 
ST1201* 43.5 5.0 5.75 40 24 
ST1l09 6u.o 0.4 z.u 55 15 
STI922 60.0 o.s 1.4 so II 

ST1921 IIO.U 0.9 2 . I 50 10 
STllJ4U 60.0 1.9 6.9 25 5 
STl92l 70.0 1.6 4.8 so 12 
STl320 100.0 0.4 1.8 60 lS 

STI92S••• llO. t 20. 0.8 2 . 3 50 ItS 

••• 200 

* Vest t •' al s id~band f t1 te r - NTSC st•mda t'&l u I. ow lou • • • t' ll '"r b<ank 

SAW Delay Line Tyres 

!'1ode1 

STill() 
S'fl912 
ST 12112 

Cenur 
Frequency 

!111: 

111.0 

bu.u 
~~u.o 

) Jll 

aandwldth 
HU.z 

ll. ~ 

.!.l 
2UU.U 
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Delay l nsert i~n 

l.uss .. ,~ dB 

11 , 1(~ .2) 

1"1. 11 
·~ .• • 'l )I) 

-....-
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Attachment XI 

SAW Convulv\lfS 

TYPE TYPE UESlCN 
CHAMCTERISTl C St2206S ~12206L CAPAilLtt't 

ltnput) dl B~n~wi~lh 16 Hllz I~ KHz tu tlO HHz 

I . lnte,raclon Time 
I 

ll loiS 17 ... to }0 $15 

I 
llnpuc Center Frequency 60 ~lH% 60 HJlz to ~00 tUb 

8tltn~artcy Factur * •79 dBaa -79 dKm tu 

Oyna.mtc Ran~te •• up to 60dB \Ill to fiOdB 

I ~llttiiiUm lnput I'I)Wf'f H d8111 :.!) dUm 2S 

~otes: 

* The btl tno.1rl ty f..s~tor ur -=,1nvulv1.'r d t ic:!cnt'y is dd toed 

at Jt) lo..:1Pout/(.,1nt Pin2)! whwr ... I•Owll.!rs ar"· in IIIW. 

·70 dBcn 

diJGI 

- • The dyn~mt c r :1 nJte t s c h~ powtt r r an.:v ui the t nflut $ i •~nn 1 , vlwn the 

ret~renc~ st~ndl ts ftxed at +l~ d8m. It •~ a function of tho 
sh;nal t t~ Juration :tnd ch.lr:acc.:r. 

••• A bi'lndp.us itltt•r is r~qulrcJ .lt lh.: cuuvul•I~Jf uuq,uc, 

in order to reject dinah 4t tlu: input fn:~ucn~:y. 

I .1:1··:· .:1·;:·:111 1.1' ,.,.1•" 1-i .1'; .:11• 

.II. ' : · 1:·.;, 
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Attachment XII 

SIGlNT 

Signals Intelligence Systems provide accurate geographic 
location of specific electronic signals from hostile C3I and 
weapon systems. 

The Israelis have developed high speed programmable signal 
processing devices for both sonar and radar systems, as well as 
electronic warfare and electronic intelligence systems. 

The basic features that have been successfully exploited are: 

o Programmable signal processing. 

o Parallel processing. 

o Stand-alone and system integration design. 

o Accurate range and location algorithms. 

o Specific emitter identification. 

The basis of ELTA's software is a ring bus architecture 
called the Octopus, which allows multi-sensor fusion of data with 
individual signal processing nodes. These nodes interface into a 
master communications system and retain their stand-alone 
capability for indep~ndent use or degeneration of the system. 

The parallel processing capability comes from the •autterfly~ 
concept under license to IAI from BBN. 

Other capabilities include: 

o Encryption/Decryption of voice and data. 

o Real-time signal analysis. 

o Multi-sensor correlation. 

The Israeli's system approach to SIGINT processing has taken 
advantage of existing high technology and has integrated 
components into field hardware. 

The following data illustrates the Octopus architecture and 
its processing times: 
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Attachment XII 

PE ·Calculation Speed 

Execution Time/Seeed 

Addition 90 na 

Multiplication 180 na · 

Reciprocal 360 ns 

Division 540 ns 

Square Root. 360 ns 

Sin/Cos 540 ns 

FFT Butterfly S40 na 

Impact of VBSIC on Airborne Signal Processor 

With VBSIC 
Today* Technology 

Throughput (MCOPS) u 7.1 50 

Power Dissipated (kN) 1.3 0.1 

Volume (FT) 1.0 0.1 

Number of ICs 3000 35 

*F-15 ' F-18 Hughes Pro9rammable Signal Processor <PSP) 

** MCOPS 
butterfly 
algorithm. 
adds. 

- Million complex radix two butterflies per second. The 
is a subalgorithm of the Fast Fourier Transform <FFT) 

It consists of four real multipliers and six read 
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Attachment XII 
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Attachment XII 

~ OCTOPUS ·:BLOCK DIAGRAM 

IIAST£R C:OU ..... 

.. 

• 

... 
•• 

·-.aus 
110 

PSP CHARACTERISTICS 

. 

CHARACTERISTIC 

COMPUTATION AATE 
(MOPS) -

• • 
NUMBER OF MODULES . • 

• . ••n• t A , .. ,nt!"''t\~te•~' 
XII-4 

NUMBER OF OCTOPUS 

1 2 3 

280 520 780 

t 19 28 
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TAD IRAN 

Major Effort•• 

o Coaplete Airborne lyateaa fora 

Df 

Blectronic Intelligence 

CCIDIDunications 

.command Security 

Reconnaissance 

Attachment XIII 

o Complete facilities to develop and integrate ayatem~using a 
bi9b electronic conteftt. .These equipaaente utilise etate-of· 
the-art ~~ponefttl 1ft coftfiturations tbat include preeet 
development aftd unique composite technologies that aatcb 
epecialiaed tactical aituatione. · 

They are provi4ift9 a drone system for tbe u.s. Navy tbat will 
include a 

o 3 Groundatationa 

o 20 Oronea 

o. 9 hour air endurance 

o 1 kW Power onboard 

o Resolution of'.l eq • radar croea section 

o 12,000 ft operatioftal altitude 

Aircraft eystems include: 

o !LINT 
o SIGINT 
o aAOINT 
o COMINT 

Full 701 coftfiguratioft tbrougb F•l6 fighter utilization. 

19' of sbarea owned by GTE. u~s. subsidiary i• NUMAX. 

a' D sbare of troea revenue is 11.4' of sales C$6SMl. 

Sales $570M <1985). 

12,000 peraonnel. 

XIII-.1 

- ·' .-· :: ·:' ·:.·: ::· .. ir :.:i:: ,. :: ·, " .. : ::1 ::::·:::·::11::1 :.~!1. ·:.r.'A 1- .:·,- - ·": r•:: ,- .-:~ :.·:: ., ·.;-.;-:~:;. ·, ·" ·.c:·· r··c : ·, _ _r:::. · ::.i.•7:.: · '- .J •. I-. 1·.-::.-::- ::· ., ·:r· :: 
,_-.. 1: .1(:' .\ 



I .I· l'o: -:i. .:o:•'' r.·d ·.o l·.o'l \ •' . .;j :•o.lo:o: :.';11~'; ,;;\, I-''. I 'I" f-'.·r :".1·.·. ··;.j;.~: .. j• ·: ·:1. 1:•;.: ::::-:·:l"o· ::,:-;-"·.",II ·.,' 1'.:,,:--." "i•:l··: 
,: .1"1''1 ·.,'. 

Attachment XIII-A 

!W/DF ' tmitter Location 

TDF-205 

Automatic mo~ile, ship~ard or stationary direction findin9 system. 
Operates in 20 to 500 MHz band usin9 interferometry. Detects voice 
and data radio transmissions ·and determines their direction of 
arrival (DOA). Accuracy l.s•rms. 

TDF-500 

Automatic airbOrne direction findin9 system operates in 20 to SOO 
MHZ ~nd uain9 interferometry. Calculates OOA of detected si9nals 
quickly and accurately. Can ~e installed in a variety of aircraft 
and helicopters and multi-tasked by up to 10 operators. Incorporated 
in 'ircrev Rescue System. Accuracy l.s•rms. 

TDF-300 

Automatic heliborne or System for aircrew rescue systems. ~perates 
to9ether with PRC-434 transponder. 

TDr-230 

Ru99edized HF DF system (1.5 to 30 MHZ) for installation in 'PCs, 
mobile shelters or aboard ship. Automatic Adcock-type. sin9le 
channel system. 

TELtGOL\..~ SR-3 

Compa~t, li9htwei9ht OF ~overini 20 to 200 MHZ band. easily 
installed on small vehicles. Usin9 the Adcock technique, 
automatic~lly measures direction of arrival and continuously 1isptays 
results. Will screen accordin9 to the azimuth sectors entere~ oy 
operators. 

FIX-500 

Emitter location findin9 system for VHF and UHF communication ~and 
( 20 tO 500 MHZ). 

i'IX-3000 

Emitter location findin9 system for HF communication band (l.S ~o 
30 MHZ. ) • 1\ccura ey l • o• rms . 
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Attachment XIII-B 

Command, Control, Communication ' tntelligenc~ (CJI) 

CJI Centers 

Provide real-time pictures of deployment and progress of both 
friendly and enemy forces on land, at sea and in the air. Systems 
incorporate computers, line, radio and radio-telephone equipment, 
teleprinters, tactical digital terminals, tactical graphic displays 
and secure communication devices. Transmission and switching, data 
processing and analysis are performed at these centers. 

DACCS (Divisional ~rtillery Command ' Control System) 

Provides commander with automatic real-time acquisition, processing 
and dissemination of data for control of artillery. Maximizes number 
of targets that can be engaged by weapon array and increase~ the 
effectiveness of immediate counter-battery fire. Comprises syste~ 
data base, target acquisition, data entry and retrieval, decision 
support and communic~tions. 

TAC~IS Divisional C3I System 

~ivisional level command and staff system for mess~ge ex~hange, 
intelligence information and friendly forces J~ta management, 
situation analysis, mis~ion planning and monitoring services. 
~aintains accurate actual situation picture and permits access, 
presentation and analysis of ele~ents of that situation pictu~~. 

~AVALIS (~aval Intelligence System) 

Naval command and staff system with functions 3imil~r to T~~ots. 

CV-1005 

:-tobile C3I center with Rf'; VHF-f'M, VMF/UHF-A!1 raJio see:.s, TAC·r~R-10 
digital graphic terminal and encryption facilities. 

CV-2005 

Mobile ~ultifunction communications center providi:1g r"l~oHo
telephone, microwave and fiber optic linKs for voice and data. 

MIDAS (Messa;e Integration, Distribution and Swi~chi:lg System) 

Automatically distributes and routes prefor~atted and f~ee-tex~ 
messages to a networ~ of display terminal3 and printers. For all 
types of strategic and tactical systems. 
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COMTAC Cli Console 

Attachment XIII-B 

Receives and presents graphic~lly strategic and tactical 
information including electronic maps with tactical overlays for 
comprehensive overview of the battle situation. Remote video display 
from mini-RPV systems, automatic communication control and extensive 
data processing capabilities are incorporated. 
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Attachment XIII-c 

EW COMINT I COMJAM ' ELI NT . 

COMI~T·Series 6000 

Microprocessor-controlled real•time system operating in VHF/~HF 
band (20 to 500 MHZ) automatically scans and detects communication 
signals. Has means for display, monitoring and DF. Stores and 
transmits digital messages. 

COMlNT·Series 9000 

Completely automatic system for scanning, ~etection and recognitio~ 
of voice and data HF signals (S KHz to 30 MHZ) with a variety of 
modulation modes. Includes display unit and has message handling 
capability. 

COMJA~·Series 7000 

Mobile systems, operating over rough terrain in hostile 
environments, search, identify, monitor and disrupt enemy 
communications without interfering with friendly communic~tions. 
Cover the freq range l.S to 500 MHZ according to need, with high 
power transmision from·lOOW to 10 kW. Operation modes i~clude 
spectrum scanning, .. hunting" and operator-oriented hands-off r-~~Jthod. 

RAS-lB 

~irborne radar analysis system for detection, identific~tion and 
location of hostile rad4r emitters. Covers 0.7 to 18 GHz band. Fast 
acquisition, accurate location, precise measurement and fast 
processing of all existing signals. Gen~Jrates an Enttmy Ot'.ler •>f 
Battle (EOB) map showing r4dar and weapon systems in area. ~ire~t 
on-line airborne opP.rations against active weapon syst~~s. Jevise$ 
and programs countermeasure and avoidance operations. 

AASAD 

Radar signals analyzer/deinterleaver measares compl•x. mixed a~d 
intelligence radar signals, deinterleaves, compute$ parameta~ and 
displays results. Can be integrated into conventional ~LI~T syste~s. 

TACDE:S 

~irborne StGINT system performs real-time acquisi~ion, 
identification, location, processing and repor~ing of communicaei~ns · 
and radar systems in the 20 MHz to \8 GHZ band. Incorporates ~'S-lB, 
ACS-SOOC COMINT, -MUDF-SOOC OF and comput~rized C3 sy:Jtems. Full1 
integrative system with enhanced command and control capability and 
real-time $ecure voice and dat4 communications. 
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Attachment XIV 

~ • "t.a.VI" AVIONICS 

ELTA Electronics Industries, Ltd., a subsidiary of Israel 
Aircraft Industries Ltds., has been elected as prime contracto~ 
for the design and supply of three major segments of the "I.AVI" 
Avionics' 

THE AIRBORNE RADAR 

This is a modern multi-mode radar adaptable to a wide ~ange 
of combat and surveillance missions. As a sensor of the Weapon 
System, the radar determines both airborne and ground target data 
such as position, velocity and acceleration. Ita coherent 
transmitter and stable multichannel receiver assure reliable 
look-down performance over a broad band of frequencies as well as 
accurate resolution for mapping. A modern programmable signal 
processing unit, bac~ed up by the distributed computer networ~. 
permits an optimal allocation of computing power for the radar's 
many modes. This system also has a great deal of flexibility so 
that new and updated processing algorithms are easily 
implemented. 

THE EW SYSTEM 

This advanced self-protection £W System is fully automatic 
and power managed. Based on modern architecture backed up by a 
distributed computer network, it permits flexible and optimal 
allocation of a wide range of resources. The integrated ESMiF.CM 
computer control system enables identification of threat emitters_ 
and automatic response using jamming and deception techniques. 
The optimal architecture and powerful computing subsystem allow 
both identification and response in tomorrow 1 s dense multi-threat 
environment. 

The system is designed to enable the "Lavi" fighter to 
complete its mission by providing protection and substantially 
enhancing its survivability and unassailability. 

THE COMMUNICATION SYSTEM 

Specially designed to withstand severe types of 
disturbances, the unit is fully computerized and enables 
operation from various contrcl protocols including MIL-STO-lS53B 
Mux-Bus interface. 

The overall ELTA role for avionics for the ~Vl is more than 
60\ of the total equipment. 
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Attachment XV 

AlRBOitE SIGIN'l' 

'ft1e prinary facility far Air'bome Si9int is the AStiXX) busS operations that. 
integrates total systems for Israeli tactical an:l strategic: Operations. 'ft\e 
buic hardware includes: 

0 CCMIN'1', E1.lNT, &tid cam.and Analysis 
0 £Nifty Deployment Data 
o Detailed Elecuonic: Signature Data Basas 

'ft\e EJ..INT system locates Vld ident.ifi• radar emissions. 'lbe CXMINT sysum 
intercept.~ pertinent. ndio t.ransmissic:ns and is capable of recording or real 
time display. 

System operaticn is fraD an airtome nult.i-engine platform with operational 
altitudes of 36,000 feet and 10 acc:urac:ies o.at. to 400 loa. 

Ground systems supplement. the precessing for adiit.ional detailed analysis &tid 
cannard &tid ccnt.rol functions. 

Frequency =verarge includes: 

o El..INT .S fttz • 19 c:;:, 10 fittz • 40 GHz 
o camrr 20 K~z - soo fol!z, 2 l4iz. - 1000 Kiz 

'ft\e equipnent. is hcused in a Boeini;J 101 type aircraft.. 
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