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Colonel Lance K. Kawane 
377 ABW/CV 
2000 Wyoming Blvd SE 
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Dear Mr. Greenewald 

DEPARTMENT OF THE AIR FORCE 
377TH AIR BASE WING (AFGSC) 

2 7 JAN Z01G 

This is the Air Force Nuclear Weapons Center's supplemental response to your Freedom of 
Information Act (FOIA) request, Case No. 2014-05431-F, received by the FOIA Office, Kirtland 
AFB, on 28 July 2015 for a report dated September 1979, entitled "Vulnerability Assessment of 
Charged Particle Beam Weapons", no. AFAL-TR-79-1124. The responsive document is a Final 
Technical Report, originally classified as "SECRET" and later the majority declassified. It is 
being provided herein in redacted form, pursuant to the authorities cited below. 

Exemption 1 of the Freedom of Information Act protects from disclosure information that has 
been deemed classified "under criteria established by an Executive order to be kept secret in the 
interest of national defense or foreign policy" and is "in fact properly classified pursuant to such 
Executive order. The current executive order in effect is Executive Order 13,526. It prohibits 
the disclosure of the development, production, or use of weapons of mass destruction, and 
military plans, weapons systems, or operations. Accordingly, the Air Force has determined that 
such information should retain its original "SECRET" classification category, and is being 
withheld. The authority for this exemption is the U.S. Code, Title 5, Section 552(b)(l) and 
Department of Defense (DoD) Regulation 5400.7-R_AFMAN 33-302, paragraph C3.2.1.1. 

Exemption 3 ofthe FOIA mandates the withholding of information prohibited from disclosure 
by another statute. 5 U.S.C. 552(b)(3). Exemption (b)(3) applies to certain technical data 
privileged from disclosure under I 0 USC 130. This statute protects from disclosure any 
technical data with military or space application in the possession of, or under the control of, the 
Department of Defense (DoD), if such data may not be exported lawfully outside the United 
States without an approval, authorization, or license under the Export Administration Act of 
1979 (50 USC App. 2401 -2420) or the Arms Export Control Act (22 US.C 2751 et seq.). 
Accordingly, such protected information has been properly redacted from the report. The 
authority for this exemption is the U.S. Code, Title 5, Section 552(b)(3) and Department of 
Defense (DoD) Regulation 5400.7-R_AFMAN 33-302, paragraph C3.2. 1.3. See also Newport 
Aeronautical Sales v. Dep't of the Air Force, 660 F. Supp. 2d 60, 65 (D.D.C. 2009), aff'd, 684 
F.3d 160, 401 U.S. App. D.C. 364 (D.C. Cir. 2012). 



Of note, this request is being forwarded to the Defense Advanced Research Projects Agency, 
processed through the Secretary of Defense's office of Freedom of Information, Department of 
the Navy, and the Department of Energy for further consideration of applicable exemptions to 
this report. 

If you decide to appeal this decision, write to the Secretary of the Air Force within 60 calendar 
days from the date of this letter. Include your reasons for appeal and attach a copy of this letter. 
Address your letter to: 

Secretary of the Air Force 
Thru: 377 MSG/SCOK (FOIA Manager) 
2051 Wyoming Blvd SE 
Kirtland AFB, NM 87117-5607 

Sincerely 

Vice Commander 

Attachment: 
Final Technical Report no. AFAL-TR-79-1124 (redacted) 
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' Air Foree Avioniea Laboratory 
Electronic Warfare Division (WRW-l) 

OH 45433 

(WRll-3) 
LAboratories 

SBCitBT 

Distribution limited to u.s. Government agencies only. This doeuaent contains 
Test and Evaluation Information! June 1979. Other requests for this document 
must be referred to AFAL/WRW-3. W-PAFB. OR 45433, 

Charged Particle Beam Weapons 
Charged Particle Weapon Countermeasures 

j'.:.t;~::'~:::~ Warfare Counteneasurea 

Charged Particle Beam Weapun Vulner­
abilities 

Directed rnergy Weapon countermeasures 
Directed Energy Weapon Vulnerabilities 

~~~~;:~~~~~ p;;vJlde~ a preli•inary aeaassment of vulnerabili-
might exist in prospective soviet Charged Particle Beam Weapon 

(CPBW) systems. Intelligence information indicatea that th~ Soviets have been 
int~reated in this area since the early 19SOa. The USAF presently has no 
countermeasure techniques for protection of their strategic veapon ayat~ 
from Soviet CPBWa. This t..ifort divided the CPBW into five major subsyate11¥1pnd/or 
technologies. A summary of the reaulta ls as follows I 

...---------·-___ ....._..._ . ..............__ ....... ,.,..____......._ ........ -- -- ... ~ ..... ~ --

/( 



a. .-. CP!W Device: No apparflnt realistic countermeasures exist. 

b,-~ Pointing and Tt:acking ~chanism: No apparent realistic countar-
1H!48Ul'ea exio~~t. 

c.·~ Fire Control systam: Vulnerabilities to this subsystem do exist; 
however. it appears tltat trackina errors of ~ to 5 degrees will be required to 
effectively counter a CPBW system, 

d. ~ Propagation: 
collapsing tha channel in 

there exists the possibility of beam-bending or 
order to degrade the CPBW system. 

e, ·,(~. Target Interaction! Material hardening with conventional material~ 
appears non-realistic; the AF Material Laboratory is investigating this aspect 
of the problem. 

~ the info~tion obtained during this in~houee study will be utilized as 
background and the technology base for a contemplated FY-80 Charged Particle 
Beam weapon Countermeasure effort under Project 2000, Task 32. Work Unit 34. 
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FOREWOIUl (U) 

(U) This study vas initiated by the Electronic Warfare 
Division of the Air Force Avionics Laboratory. Air Force Wright 
Aeronautical Laboratories. Air Force Systems Command 1 Wright­
Patterson AFB. Ohio. under Project 2000. Task 32. Work Unit 33. 
entitled "Future Weataon Countat"'leaaurea." The study was conducted 
by the author. Mr. Richard D. Hunziker of the llecrro-Optical Warfare 
Group, Active ECM Branch, Electronic Warfare Division, during the 
period of August 1978 through June 1979. The report vas aubrd.tted 
by the author in June 197§, 

(U) The author is arateful for the special cooperation and 
information obtained from Major H. Dogliani, Dr. D. Straw and 
Dr. W. Baker of the Air Force Weapons Laboratory and Colonel 
R. Roberda of the Air force Avionics Laboratory. 
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1. OBJECTIVE (U) ~ 

SECRE"F 
SRCTION t 

INTRODUCTION (U) 

-+&+- the objective of this analysis 18 to define and assess the 

vulnerabilities that might exist in proepeetive Soviet Char~ed Particle 

Beam Weapon (cPBW) systems. This analysts vill then establish the 

technological base required before counte~easure efforts can be pur­

sued to negate such new weapon systema. Of prilQary concern in thi& 

effort is the vulnerabilities of ;n-atmosphere Perticle Beam Weapon 

systems; hence, only Charged Particle De.- Weapon systems will be 

addressed, not apace-based Neutral Particle Beam Weapon syste-.. 

~ A secondary objective of this effort ia to provide US 

designers ~nd builder• of such weapon ayat..a with an insight into 

vulnerabilities that might exist in our own ayatema-~ther~by to 

facilitate the incorporation of counter-countermeaaurea techniques in 

our systems to probably "hardened" tbelll aaainat attack from early 

seneration Soviet CPBW couhtermeaaures. 

2. REQUIREMENT (U): 

..,_ Evidence obtained from a variety (If intelligence. sources 

indicates the Soviet intereets in Charged Particle Seam Weapons for 

antiaircraft and antiballistic mieeile applications aihce the early 

1950's and that the Soviet understanding of a number ~f fundamentally 

new technologies applicable to CPBW 1s has reached an advanced level, 

The exact status and direction of the Soviet Research and Development 

in CPBW technology are uncertain; therefore. threat definition& and 

vulnenbilities must be "generic" in nature, and countenaeasure concep,ta~ 

ntust be varied, pouibly unconventional, and "ell .. encOlllpasains." At the 

present time, th~ USAF has no countermeasutes that will protect aircraft 

and/or cruise missiles from CPBW ayatama. The need for effective and 

practical countermeasure systems for strategic weapon ayatems w111fbecome 
urgent in the near future aa these CPBW systems are deployed operationally. 
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liecause of the lead time requiJ:ad to make design changes and to flt"ocure 
11add-ott11 protective lll.easureu for existinR USAF WCO.jiOn systenuJ, :tt iA now 

timely to evaluate and enhance the survivability of our atrateeic weapon 

5)'St~a asatnst CPBW technology. Without the•e protective meaaurea. our 

atrategic weapon systems would be very vulnerable to CPBW systemti; titus. 

gravely thr$atening USAF mission accomplishment capability • 

....... The requiremants for usable CPBW countermeasure~~ are near 

critical. Such countermeasures should be effective agsinBt future CPBW 

~tyatems as well a.s those presently being designed and considered. 'fhcy 

should not be the type of countermeasure technique that can be easily 

negated by minor de~ign changes and/or modifications of ptopnsed CPBW 

systems, Typical counter-countermeasure ~e.chniques should be considered 
when investigating prospective counllfrm.,saure techniques. ·rhis analysis 

will Met down the basic 1.nforms.t:f.on required to est4hUsh, by the mid.­

to-late 1980's, effective \lountef!Leaaure technlquas that can be utilb:ed 

by US/Ill aircraft a;nd/or cruie_e misd!tUJ to negnte Soviet threat CPBW 

systems. 

• 3. TECHNICAL APPROACH (U): 

~ For the purpose of this analysis, tho CPBW system has ~een 

broken down ~ the following five subsystems; 

• 
.!· (U) CPB Device 

PoWer Generation 

Accelerator 

Switching 

i• (U) Pointing and Tracking Mechanism 

Beam Transport 

Kxit Ports 

Steering Mechanisms 

.'=.. (U) Fire Control System 

target Detection and Identification 

Target Tracking 

Beam Control 
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SECREI 
.!!• ~ PropaaatJ.on 

Beam Propagation 

Secondary Radiation 

.!.· ~ Taraat Interaction 

Material 

lUectroftiC 

H"""n 

(U) Vulnerab!litiaa of .. ch of tbeae five ayatams were ex.ained 

and are reported in Section III. A sch..atic of the craw ayatem and 
appropriate counte~aures is depicted in Fisure 1. 

4, CONCLUSIONS AND RECOMM!mDATIONS (II) : 

~ The coneluaiona and recommendations of the vulnerability 

assessment for each of the five technoloay areas outlined in Section 

1.3 are as follows! 

~· ~ The CPB Device !a invulnerable to conventional 

countermeasures; however, weapon (conventional or nuclear) could be 
employed against it. 

~· -+1+- The Pointing and Tracking Mechanism ia invulnerable 
to conventional counter~aaure t~ehniquea the aame as Section I.4.a. 

£• ~ The Fire Control System is probably the moat vulnerable 

subsystem to counte~meaaures; however, errors of 4'~5' will nave to be 

accomplished in order to protect strategic weapon systems from the 

secondary radiation effects cauaed by the Charse Particle Beam propa­

gating through th~ atmosphere. 

!• ~ The Propagation of th~ CPB baa two interesting aspects: 

First, the probability of diaturbins th~ actual propagation of the beam 

through the atmosphere does nut appear to be feasible operationally or 

technologically. Secondly, there doea exist a possibility of causing 

bending of the beam auch that the beam could m~ea the target. 

~· ~ Tbe Tarset Interaction problema of the beam bitting 
the target appear to be numerous and very difficult to ~ed~ce. 
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FIGURE 1. ~S'W SYSTEM CONCEPT (U) 
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~ a.a.o en the above aynopaia, future efforts in the ar .. of 

CPBW counta"P~~~,. '",_. r-a 11hould be directed toward. desnd:tng the fire control 

syatftl and the p&·opqatioft/bu..,.bending areas. S1nea the foreaotng 

conclusions are b•!lcJ on countering a very "seDaric11 CPBW ayatn~ aa 

more information beco.aa available on approaches the Soviet Union 1s 

taking in th1a technoloay area bocomea available, a reaaaeaoment of 

vulnerabilitiea of the other aubsyatema should be accompliabed in a 
ti111ely manqer. 
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SECTION II 

BACKGROUND (U) 

1. HISTORY Of CPBW SYSTEMS (U): 

~ Since the early 1950's, both the United States and Soviet 

Union have been engaged in efforts to investigate the technologies 

required in order to be able to field a prototype CPBW system, US 

programs that have been conducted to work toward this end include 

the following: 

!.· ~ j(b){1) 1- This program was conducted by Defense 

Advanced Research Project Agency (DARPA) from 1953 to 1972. j{b)(1} 

Jtb)(1) jplaced emphasis on ground-based defense against nuclear re-entry 

vehicles. For this mission, proton or electron beams with gigaelectron­

volt energies per particle and currents of kiloamperes were required 

for propagation (Reference 1), 

E_. ~ lj(b..:).:.(1.:.l ___ _,J- S::Lnce 1972 the Naval Surface Weapons 

Center has been conducting this effort. ~~(b..:);_(1.:.l ____ :----....llis 
~mining the potential use of a charged partiClQ beam for tactical 

ship defense against conventional nonn1Jclear warheads. Electrons are 

again being emphasized,J 

(b)(1) 

J Recently DARPA has taken over this 

'e~f;.f;:o:r:t--;an:::;d-h;:a;,::-:r:e:d"i;:r:e:c:t:e:;d<t;t-t:o::-:mo:::s:ft.ly look at technology issues such u 

propagation (Reference 2). 

I 

(b)(1) 

• 
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(b)(1) 

b.J 

(b)(1) 

•• 

(b}(1) 

~ At the aa111e t;bac that the United States was pursuing the 

foregoing programs, the Soviet Uaton waa ap~rent!1 conductifts at.ilor 

types of efforts. Along with accelerator technology. Soviets have 

conducted extensive work in other critical teebn~logy are«s and are 

postulated to poaaesa a capability equal to or greater thaa the US in 
the following areas: 

Magnetobydrodynamic Generators 

Masnetocumulative Generators 

Inductive Storage 

capacitive Storage 

Energy Sw1tch1ng 

Externally Driven Accelerators 

Colleetive Accelerators 
Beat~~ Tranaport 

Beam-Bend:i,ng Syatetas 

Atmoapberie Propasation Theory 
and Experiments 

Tarset Kill Aaaeaament 
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(U} During the l~at a~eral years there has been open 

controversy going on 1n th$ ~ited States aa to the capability of the 

Soviet Union 1n this area and whether or not CPBW systems are even 

feasible. On one aide there have been published articles containing 

comments by retired Major General George Keegan (Reference 3 and 4) 

who haa estimated that the Soviet Union is as much as ten ysara ahead 

of the us in this technological area and feels that by the early 1980's 

the Soviets will be able to field a prototype CPBW. At the time of some 

of General Keegan's announcements. others iQ the scientific community 

bitte~ly disagreed (Reference 4). In May of 1977, Defense Secretary 

Harold Brown stated to the National Press Club, "There's no evidence 

that we know how to solve that problem (steering a Charged Particle 

Bea~ through the atmosphere and the earth's magnetic field) or that the 

Soviets do • • the laws af physics are the same 1n the US aad in the 

Soviet Union. And in this particular case. I'~ convinced that we end 

cbey can't expect co have auch a weapons system in the foraeeable future 

{Referenc~ 5)." More rec.ently a group of scientists at MIT published an 

article (Reference 6) on the impossibility of CPBW systems. They stale 

that even if CPBW systems could be developed, they "could be easily 

countered, 11 The fot'egoing statements show a heated debate ensuing as 

to whether or not CPBW can be developed, and if they can, when we or 

the Soviet Union will be able to deploy such weapon systems operationally. 

~ The probability of such weapon systems e.xisting in the 

next 8 to 15 years appears to be reasonable and; the~efore, the United 

States aho~ld pursue countermeasure techniques now so that they will be 

available to USAF stracegic weapon systems by che ttme the CPBW iB 

developed. Aa 8teted in Section 1.2, the techniques to be considered 

for countering this new and different threat must be "all-encompassing," 

varied and. in some eases, possibly unconventional. Since the threat is 

defined in only general terms (see Section I.l), th~ countermeasure 

techniques must be ones that are "uculble" or 11effeec:f.ve.11 against several 

types of possible CPBW syetem configurations. They can not be ones that 
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rely on countering only one very critical component of • subayatem. aince 

a radeaign of the component .ay completely negate the effectiveneaa of 

the counter.easure. Typical counter-countermeaaure techniques that one 

could employ With reasonable compl~ity and c~at in a CPBW ayste. should 

be considered when determining prospective counte~aure teehntquea and 

performing trade-off studies. 

2. THREAT DEFDIITION (0): 

~ In this section the CPilW eyatem will be deacribed~ Note that 

the detailed c()1Jff.a:uTation b unknown at the present tble abd that only 

Charged Particle Beam devices will be included in the anelyeia. Table 

1 shows the parameter& that will be conaidered to exiat in a generic 

cPBW ayatem. 

TARLE 1. oil+- CPBW ~t PARAMETERS (U) 

Partiele Type 

Peak Power OUtput 

Particle Energy 

Pulse Current 

Pulse Energy 

Pulse Per Shot 

Pulse Width 
Inter Pulse Period 

Range 

Traekiag Accuracy 

Electr-on or Pr-oton 

1012 - 1014 Watts 

.S • 10 GeV 

ZO KA 

1 ... 10 X 106
j 

30 - 40 Pulaes 

15 - 20 naec 

30 - 100 J,ISOC 

l - 3 kll\ (poelibly .S Km) 

5 - 2.5- prad 

~ Discussions With CPBW deSign people (References 2, 7, and 8), 

reveal that in the CPBW aru there are probably two tYPC~s of weapona that 

could exist. The first is the conventional. GPBW, where the baas or "bolt" 

itself is the deatructive device. The second ia more of a 11radiat1on 

weapon," which conaista of the secondary radiations (i.e •• x ... ray, sa-a­
rays. neutrons9 etc.9) that are produced as the beam propagates through 

the atmosphere. Preliminary analysis indicates that there exists a 

"eone of radiation" around the beam itself that propagates beyond the 

end of the beam, The "cone of radiation" ia estilaated to have a cone 
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anpe of about 1!.2• .ad to p-ropapu two to three times tho ranse of th~ 

bUill it.elf, An illuatrat:Lon of thb b ahovn in Fiauu 2. 

~ The apr...S:f.a.a of the be• iuelf te stveo by the follow.t.na 

fol'lliUla; 

Whe.re 

a .. a. exp ~ 
18 

a • radius of beam at th• tarset 

a ... radtua of beam at the output po~t 

k • conatant 

A
1 

• ranse f~om the accelerator to the target 

I • bea• current 

B • particle eneraY 

~ As ahowo in Figure 2, the IE term is the dominating factor in 
tnia formula and aust be in the 1012 - 1014 watt region in order for 

the beam to propagate a reasonable distance. As an e~mple, the Chair 

Heritase ayatea ia designed to have a beam output energy of 109ev and 

10 KA current; thus, an IB of 1013 watts. 

~ As abown tn Table 1, a CPBW 11bullet11 can be defined aa a train 
of 30 - 40 pulses, .. ch having a peak power of 1012 - 1014 watts, and 

being 15 - 20 naec. in width with an 1nterpu1ae period of 30 - 100 \.18&C. 

The 111in;lmum, total titae l•nath of a "bullet" would be about 1. 2 uec. 

When firing the CPBW, one muet at a fixed poUlt rothu than alew and fire 

the beam at the a6111e t:ltae, be:cauaa .. ch pulse doea not. in itself, propapte 

the entire distance to the taraet but only a a-.11 portion of that distance. 

M the first pulu leavea the weapon, it proaapa.tes a diatanc~t throush the 

ataoaphere alous its path which cauaea a ebaqnel of a partial vacuua. 
Before this c~snnel collapaea~ the next pulae i& fired; it travels 4own 

the first pulee's channel and ft'Opag&tQ& a little farther into the 

atmosphere. This proceaa continues for each aucceedtna pulae uatil one 

of the pulses 1n the train, and each succeeding pulse ther .. fter, hits 
the target. If one were firins at a target goins Mach 1.0 at aea level 
and desired to hit the taraet in a specific spot, the tara-t wo~ld have 
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to be lead by a Unur 41mendon of about 1 to 2 feet because tbe "bullet" 

is about l.. 2 muc long. CPB.W design people (Reference 2 and 7) believe 

that all they would need on a targat, such aa an aircraft or cruiae 

ftiaaile, would be one of the 30 to 40 pulsea in or4er to affect a kill. 

~ The damage mec:hani8lll from a ''bolt" hitting a target appaau 

to be complex and to involve many different diaciplineN, Firat, as the 

"bolt" bits the target there will be aome mechanical ehock tn the material 

from the partic:lee impinsing on the tarset. Combined with surface effects 

is th.ermal shock: material h,Qating, melting and/or vaporitation of the 

111B'terial in the general area where the "bolt" hits the target, A hole 

slightly larger than the beam diameter at the target (i.e., several 

centimeters at a range of 2 or J ~will probably be ~de. Blectro• 

magnetic pulses (EMP) and electro-static gradients will be formed 

throughout the target. possibly to the PQint where high explosives on­

boArd may be detonated. The next affect, and poesibly one of the moat 

serious ones, is that of a creation of large doses of K-ray and gamma­

rays that can degrade and/or destroy electrvnic equipment and crew 

members. Note that a wearon of this Lype ~ill actually d~poait more 

energy further into a material than it does at the surface (see the 

"Bragg peak" in Figure 3), The severity of a CPBW' a beam impinging on 

a target appears to be much greater than that of an high-energy laser's 

{HEL) baam hitting the same target. The HEL only imparte thermal and/or 

mechanical sl\ock energy ae the surface (dep.;.ndin@ on whether it is a CW 

or a pulsed laser beam); however, the CPSW i~erts the same type of 

thermal/mechanical shock energy plus secondary energiea in the form of 

X-rays, gamma-rays, EHP, etc. 

~ The aforell'len.tioned effacta .are true if the beam or 11bolt01 

aetuMlly hits the target; however, if what baa been deac:ribed aa the 

"cone of radiation" around the be8f& ia abo true, then 4eaase of the 

target can dso occur even if the tal'get is nat etruck by the "bolt." 

The use of a CPRW as a radiation weapon should be seriously considered. 

As an example, if a CPBW h.as a ranse of 3-5 ICIII then the "cone of 

12 

SECRET 

i l 
i 

I 
I 

j 
j 



.. ~.rr· ---------~· - -·-··- ;-··~ ~----c-r-~;nrrT? --... ==s=::=;==:= .• , ., .. '!' 

! SiCRET 
• 

• 

,. 

• 

... 17 = 

radiation11 will Mve aD effective ranae of 8•12 Ka and the pointing and 

tracking requira .. nt will be draatieally reduced (i.e •• fro= '-25 ~rad to 
' 1•). Such a weapon syae .. could be very patent and coat affective. 

Tbua the "cone of radiation" should be eonlidered aa part of the kill 

effects when considering the evalU4tion of c:ountermeaaurea againat a 
CPBW ay~ttem. 

oftir All the c:haraed•paTtiele beam proP41ptea throusb the atmoapbere, 

its particles (either electron or proton} collide with other particlea/ 

molecules in the atnoaphere. This eolliaion cauaea additional partic:lee 
and/or radiations to be a:lven off. Particles end tadiationa contained in 

the 11 secondary racU.ation11 category include: neutrons, protuna, electrons, 

mesons, X-raya and &aB~~a-raya. Most of thia "nuclear truhn 1a projecud. 

tn a forwa~ direction and appears to be a cone of 1~2• in ansle arouud 

the bea.. Dose rates are unknown at the pre8ent time, b~t it appears 
that they could. be tn tba Kilo-to Meaa•ftad level. These dose rate lev.la 

would be auff:Lc:ient to render crew peraotn:•:•:l:..•:•:..•:•:....:•:•:•:•:•:•:•:•...::•:i<:<:<:•:':':.., 
uaeless, if not to kill them outr~~~· / ) 

~----~----~~~~~~----~~~------~--__Jr~e aut~r 
does not know what the hardening apec1f1cationa are for aircraft or 

cruise m1aa1laa aaainat auch nuclear radiat!on8. Such harden1ns may have 
already reduced sou of the effects of the "cone of radiation. 11 

~ Little inforaation could be obtained on the type of fire control 

ayat8111 that a CPIW ayatam 111ay eaploy, At the pre•ut tillle, the Mjor 

coneern of pereonnel 1n the CPBW davelopMnt ana is that of power 
generation. accelerator technology and propagation theory and experi­

mentation. Ceru.inly, when these very c:.OUlplicated technical problems 

are solved, the fire control problem will be addreseed. Since little 

could be found in this area and since the pointing and tracking require• 

menta of the CPBW could be at.ilar to that of a HBL weapon system, 

st.ilar typea of fire eoatrol •Y•t..a will apparently be u•ed for the 
CPiW application. 

~ The scenario or sequence of events required for a cPIW ayatea 
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appear to be ai•ilar to that of the BtL weapon ayatea. Firat, acquiaition 
of· the penetratin& tarset will probably be accoaplt.hed b)l'utililina con-• 
ventional raQar techniquea. Identification Friend or Foe (IFF) will then 
be accomplished by radar; however, if beCAuse of IFF.j.-.tna.this is 
-.de iupoasible, it may be accompliahed later in the scenario via 
optical means. The early warning radar vill probably hand the taraet off 
to a tracking radar which, in turn, will harld the t.raet off to an 
aleetro-optieal tracker. The ele6tro-optieal tracker mAY b~ a TV or a 
Forward Looking Infrared (FLlR:) ayata. Pi.Qal tt:'ackift8 and id.en.tifi­
cation of the target can thea be made with th .. e ayatema. At thia 
point, an aiul point on the tar&et will be aelacted (this uy .. nat 
neceeaarily be required 41 per the diacuaaion of the kill -.cheniama 
of the beam and of the "cone of racl:l.ation"), a lead ansle incorporated 

into the fin control algorithm with alewtns of the weapon system ' 
stopped durins: the firin& of the w1 uec bullet. ln the caee of the HEY., 
some fora of beam control syate= ia required to allow all of t~e ener~y 
of the laser beam to be deposited on the aa.e &pot of the target. tt 
is not clear at this point whether such a syate. would be employed on 
an in-atmoepheric OPBW ayatem or even eonatderod beeauae of the require¢ 
tunneling effect of the beaa for propaaation needed. When the tArget 

.b attacked, !iOII\8 fom of kill aaeesament will have to be accompliahed. 
Thia probably would be aceompliahed vta the TV or FLlk ayatem and 
observing the aettona/reaet:tona of the taraet to the "bolt" or "eoue 
of rad.:lation." On.ce the kill can be conftmed, the Cl'IW ta t~cm 

available to attack the n.xt hiSheat priority taraet. 
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SECTION Ill 

CPBW VULNERABILITY/SUSCEPTIBILITY ASSESSMENT (U) 

~ T~is section includes an asaeaament of the vulnetabilitiea/ 

auaccptibilitiea that CPBW systems are anticipated to possess. The 
vulnerabilitiaa/suaceptibilitiea are unumarstad as per each subsystem 

of an entire CPBW aystam that is aff•cted; however, some of the vul­

nerabilities/susceptibilities and, therefore, the appropriate 

countermeasure systems required co exploit the respective vulnerabilities/ 

susceptibilities may affect one or several of the subsystems. Note 

that the weapon ayatem hae been broken down into the following five 

general technical areas: (1) the CPU device itself, (2) the pointing 

and tracking mechanism, (3) the fire concrol system, (4) the beam 

propagating throush the atmospbe~e, and (5) tba interaction of the beam 
with the terz~t. The discussion that follows will incl~de some 

potential vulnerabilities/susceptibilities of CPaw eyat~ that lend 

themselves to degradation by what is not normally considered electronic 

counteraeasures. The two main exa•plea are tbe uae of: (a) weaponry 

(whether conventional or nuclea~) which counters the CPBW ayatem by 

destruction and (b) hardening of the target skin material to withstand 

the striking of the CPB "bolt," Theae two techniques are important in 

the overall ach._e of enemy CPBW suppression and countermeasures; however, 

they are not within the charter nor responsibility of the Air Force 

Avionics Laboratory and, therefore, will only be ~ntion~d in passing. 

1 . VULNEWILITIES/SUSCEPTIBILITIES OF THE CPB DEVICE (U): 

(U) ThG following vulnerabilitioM/suacepti~ilitiee were dete~ined 

to exist in the CPB device itself: 

a. ~ Enet'gy Source: CP:SW systetlla will require laJ:ge 

qu•ntities of energy delivered in a short time period. Sources capeble 

of supplying ~uch energy needs will include chemical explosions, fisa1on/ 

fusion reactors or fission/fusion detonations. In all cases, these typea 

! !_____ __ _ SI:CRET ______ _ 
ullior-'c-~c- -.z-~= ·---·----==-::---.-;::~ [.,_--;;;w;,--;;·; .. ,., ,~·-·-: . ' ------·--·--- , - -. ... 
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o[ aystn•u appear Lo be invulnerable to conventional electronic counter• 

measura tuchn!ques. The only technique that appeara to have application 

against thia area would be that of weaponry. 

b. ~ Power Generation: Three typ~a of power aeneration 

techniques appear to be applicable to this type of weapon. The firat 
ia beefed-up conventional electro-a.chanical gtttaratora. The other two 

ar~ explosively driven electrical seneratora: (a) maanatocuaulative 

generator (MCG) which converts the stored energy of explosive• into 

electrical eneray thrcuah the axploaivt COdpraaaion of a caanetic 

field and {b) =-anetobydrOdynaatc aanerator (MHD) Which a«narat•• 
a current by passing a conductins fluid throuah a magnetic field. 

Susceptibility of such d.vicaa to conventional countermeaau~aa ie the 

same aa the .aergy source, nonextatent. Theee devicea could even be 

put below around; thus, fu~the~ reducins their vulnerability to 
weaponry. 

e., ~ Power Cc:~ndition;lns:: Power conditioning ay~tt!l'lll will 
include energy storage techniques ustns capacitors. inductors or rotor 

systems. Switching of larga energies will be ine.luded in this subsystem 

and is an important and difficult task which is requ~red for the proper 
operation of the CPBW. Again, sa in tha preceeding syate.a, no auacepti­

bilitiea to electronic countermeasures wera found to exist in this area, 

d. ,_. Particle Source: 'l'ha two ain charged-particle choices 

for in-atmospheric weapons are electrons .ad protons. Electron aourca 

seneration is usually done by hiah-current cathodes •uch aa uaina a 

vacuum arc orisinatina fro= a metallic aurfac~, dielectric cathodea1 

liquid metal cathoddor multipoint caet,odes. The type of aou.rces used 

to produce protons or positive ions are plasma cathodes, reflex triodes 

or using the ionization front of the gaa. None of. these appear to be 

vulnerable to eleQtrontc eounter.eaaurea. 

e-. .....,. lv;:celerator ~ The main COllPonent in a CPBW ayatem will 

be the high-eneray accelerator. There are several different typea of 

accelerators that could be used for tbit application; however. they 
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appear to fall into one of two s•n~ral clasaas of aeeeleratora: (a) 

extarnally driven systems (such as linear induction accelerRtora and 

radio frequency accelaratora) and (b) beam•driven accelerators (such 

aa the electron autoaecelerator and the colleetiva ion accelerator 

vb.!ch haa t.he 1110ttve power requirecl for the ac:celeratins mechan1.m 

provided by a hi&h-cijtrent electron hue=). Con~idaration was given 
to the possibility of causing in the accelerator the analogy of a 

parasitic feedback in an high-energy laser device. If one could "pump 

enargy11 backwards ttrrough the accelerator in a nuannar a11111lar to enetgy 

being pumped backwards tn a lasel, then one woyld have what is con~ 

sidered an effective eounti'Jrtlleaaure. Further study, however, showed 

ttlat accelerators can not work i.n reverae like high~energy laa<"r 

devicu can. No other potential vulnerability was found to exist 

with the accelerator. 

2. VULNERABILITIES/SUSCEPTIBILITIES OF THE POINTING AND T~CKING 
MECHANISM (tl}: 

(U} The following vutnarabilitiea/au~ceptibiliti~s were dete~incd 

to t'IXiat in the CPB pointing ~;~.nd tracking mechanism: 

a. ~ Beam Transport! Aa the hJ.gh~energy CPB leaves the 

accelerator, it must be transported to the pointing and trackinM syatem. 

For this study, the beam transport system will be considered aa part 

of tbe pointing and tracking mechauai~. There appears to be three 

tOJchniques used for beam transpo1~t: (a) waveguide.•. (b) lo-preasure 

gas. and (c) magnetic fields. Oper#tional systems will probably 

utilize a combination of these techniques. The townpreaaure gas 

utilized with either of the other two will be the moat likely method, 

Such high-energy bsam transport systems will require beam-focusing 

and boam~bendins techniques. The low-pressure ga~ will probably be 

used for focusing. Beam~bending will prob&bly be done via mirror~ 

capturing techniques or using highly accurate traverse field magnets. 

The beam could be mnde susceptible to countemeaaure-6 if ll\llgnetir 

fialda could be applied to the beam tranAport system. Howevor~ thR 

system 'otlould mo!lt Hk111ty be sh1.¢lded f. rom auvh rnd!Dtlon h"'raUf!t' or 
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its nuar proximity to the eneray aourcea, pave~ conditioning ayat .. 

and accelerator which could provide such .-anetic fields to disturb 

the baa.. NO other auoeeptibilities were dflte~ned. 

b. ~ Exit Port: A CPBW system will require an exit port 

which will probably have the mission of abapina the beam in order to 

idprove beam quality and to bend the beall towal'd thli! tar&lllt. Preaum­

ably, traver9e field magnets will be used for producing a weApon 

quality beam before it enters the atmosphere. Sowe form of hishly 

accurate, qu1c~raaction beaa•b.ading technique will be required to 

put the beaa on tarset and then aove it quickly to another tarset. One 

possible aethod ia the use of electromagnetic optics, which ia st.ilar 

to the electroraagnetic cotl used on the cathode l'4Y tube in a TV to move 

the electron beam acroaa the screen. In examtntna the possible counter­

measure techniques that aen be used asatnat tbia subsystem, there appears 

to be no real vulnerability to conveational eleetl:'onic countemeuurea. 

The only possibility, aud very alight at that, is to induce false 

current, via hish-powe~ electromagnetic ena~~y, into the elctr~netic 

mirror coil such that pointing errors would result. However. at the 

present time~ this appears to be a very remote possibility bec.uae of a 

lack of high-energy electromagnetic .ayate~U. 

3. VULNERABILITIES/SUSCEPTIBILITIES OF THE FIRE CONTROL SYSTEM (U): 

(U) The following are the vulnerabilitiea/auaceptibilitiea found 

to exist in the CPBW fire and control systems: 

a. ~ Target Detection and Tdontification: t· is aaai.I!Ud 

that a CPBW system will utili~e conventional radar techniques for the 

detection and identificat~on of incoming targets. Certainly theae 

sy$te~ are vulnerable to countermeasures and the US has had, and 

continues to have, an agresaive progra. in RF countermeasures. Sinee at 

this time it is impoasible to predict the parameters of the ap~cific 

radar(s) that will be used witb a CPBW system, that no additional work 

should be conducted in this area and 1 ea the threat becomes more mature, 
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the RF countermeasure community should be surveyed for a~propriate 

counteraeasure techniques to pegate such a radar net. 

b. ~ Target Tracking: Once detection and identif:lcation 

of the target has been accomplished via radar devieest the tracking of 

such targets will be accomplished, At first, radar probably will be 

~sed for eoarae-to-codium accuracy tracking. As stated in the pre­

ceedins paragraph, conventional BF countermeasure techniques could be 

applied toward the RF tracking system. Note that since fine tracking 

accuracy (i.e., 5-25 ~rad) will probably be required, additional 

tracking techniques will be needed, As with the case of HEL weapon 

systems, probably TV or FLIR devices will be used for this fine pointing 

and tracking of the target and for ai~·paint selection. the Army, 

Navy and Air Force have had several programs studying the vulnerability 

of TV and FLIR systems and performing countermeasure effectiveness 

evaluations. There is even an effort currently an-going by the AFAL 
to look at countering HEL fire and control sensors (Reference 9). 

There is no question that such systems are vulnerable to counte~eaaures 

and that any effort to investigate countermeasures against CPBW systems 

should include this area. However, nate that in the HEL caae if one 

cause fairly significant beam wander on the target (such a5 25-50 prad) 
' or moves the beem off the target, the HEL is basically defeated. This 

may not be the case in the CPBW situation. Firat, the ~ountermeasure 

m8Y have to be effective enough to keep the beam from ever hitting the 

target. Secondly if the 1°-2° "cone of radiation'~ exists around the 

b~, then pointing and tracking errors of 4°-Sa may have to be 

accomplUhed to assure. survivability of the attackiii.g penetratar, The 

requirements placed on a countetmeaaure system by a CPBW system 

Cdrtainly appear to be far more extensive than those placed on a HEL 

countermeasure system. Aa a result, additional work will have to be 

accanplished in this area to significantly upgr•de countermeasure 

systems to meet these requirements. 
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c • ....,.. lk!am Control: A beam control system would be used 

to make corrections in beam atmins such that the beam hits the point 

on the target atmed at by the fire control syatem. Feedback from the 

beam propagation tbrouah the atmosphere or from Where the hea. hita 

the tarset would be re<quired for such a ayateDI. This syat• would be 

atmilar, in concept, to beam control eyatems utilized on BEL weapon 

systems such ea a hot spot tracker. There is a question as to whether 

or not such a subsystem would even be required for a CPIW system. 
The- AFAL has recently ccnc:luded a aucce .. ful study on eounterina H&L hot 

spot tracking systems (Reference 10) , In all casu covering this 

effort. the beam of the HBL device was allowed to bit the target. An 

exu:i.nation of the CPBW aystaa and ita kUl aecb.ani81D8 muat be aada 

to determine if such a subeyetem is required. If it turns out the 

the ueona of radiation" is lignifit:antly reduced from what is believed 

today and that it would take more than one or two pubes froa the 

"bolt" on target to cause a kill, then countermeasure techniques 

against this type of subsy&:tem should be considered further, 

4. VULN!RABII.ITIES/SUSCEPTIBILITIBS OF A'TMOSPHEIUC PROPAGATION (U): 

(U} The vulnerabilitiea/susceptibilities that were found to 

exist in the propagation of a CPB in the atmo&phere are aa follows: 

a. -ii+o At1110apherie lktMl Propagation: The area of beam propa .. 

gation through the atmosphere ia one of the more interesting, and 

yet difftcult, technical aspecta of the CPBW to understand and 

describe. HOW«Var, it ia also an area which holds promiae for amaa 

"unconvent1onal11 cout1termeaaura techniquoa. As deaeribed Ul"U.er in 

Section II.2, atmospheric propagation occurs via a tecbniqU$ called 

"hole. borins." Physically, the beam would ionize the air. forming a 

plasma which would shield the eleetrostatic forces of replusion of the 

beam particles. Aa it propagates. the heating of the air eauaea 

expansion and rapid evacuation of a cylindrical core. The partial 

vacuum core decreases aeattering and other losees. The two particles 
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SECRET 
to be accelerated are either electrons or p~otons. Little theory is 

available on proton propagation; however, protons appear to have three 

possible advantages over electron~ for weapon application: (1) less 

bending due to the Earth's magnetic field, (2) the potential to 

penetrate the atmosphere better. and (3) the prospects of enhanced 

nuclear damage at the target, ~he prospects of using countermeasures 

aaainat the CPB as it propagates through the atmosphere falls into two 

categories: baam attenuation and beam-bending. For beam attenuation 

the prospects of using an aerosol, material particles or chaff to 
attenuate the beam. does not appear feasible. The reason for this is 

as abo-:.": :t.. 1-ir,tJre 3, where it take$ 20 em of alwuinum to attenuate a 

250 MEV beam, which 1$ about one-fourth thJ energy of a postulated 

weapon beam such as Chair Herttase. Tbe quantity of material that 

would have to be in the beam would be ponderous. Also, operational 

i'lll['lementation of aucb a technique to pt·otect all of a strategic 

weapon system just from attack from the lower hemisphere is not 

featibla. Another mechanism for increasing attenuation of the beam 

in the atmosphere would be via collapsing the tunnel that the beam is 

propagatins down. This might be accomplished via detonation of a 

device near the beam path or by causing other severe atmospheric 

disturbances, such as ~Y acoustical techniques. Operational deploy­

ment of such techniQues do not appear to be reasonable at the present 

time. 

(B) The second prospective countermeasure technique, that of beam~ 

bending, may hold some promise. Note that countermeasure techniques 

that try to collapse the beam tunnel misht al.ao cause sufficient ati'IIOs·­

pheric disturbances to cause beam-bending. Also, if the target could 

employ soiDil form of magnetic Heldt wh:l.eh would act: on this be41!1 con­

taining charged particles, beam-bending could be accomplished. The 

closer to the CPBW the electromagnetic or magnetic field can int~reept 

the beam the less would be the requirement for the degree of beam­

bending. Such a system is not possible with today'a state-of-the-art 

technology; however, this appears to be one area that needu to be 
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SECRET 
thoroushly investigated in any futuTe cPBW countermeasure programs. 

b. ~ Secondary Radiation: If this "cone of rad1ation11 of 1•-2• 

exists around the be it will be imperative to protect the target 

froa it as well as the beam itself. As stated earlier, it appe.ra 

that tracki~a errors of 4•-s• or similar beam-bending effects will 

have to be ar.cot~~pUshed in order to sufficiently reduce thia type of 

radiation on the target. If theae types of errore can not be obtained, 

then the only alternative that appears to exist for protecttna the 

target are forma of nuclear hardening and ahieldtns. Such techniques 

would have to be able to protect crew members, electronics, h1gb 
explosives~ fuela, etc., fro= radiation levels in the Kilo-to•Mesa 
Rad level. Shielding/hardening work ought to eo.ence 1n this area; 

however. note that theae technical areas, except for h:arden:l.ns of 

electronic$, do not fall within the AFAL charter but are the responsi­

bilities of other organiaations. No known =ethod for collapsing or 

reducing thia "cone of radiation" b known to exiat; however, this 

may be an area for future investigation. 

5. VULNERABILI'l"Y /SUSCEPTIBILITY OF THE CPJ/TAB.GET INTWCTION (U} : 

(U) The vulnerabilitiea/susceptibilities found to exist in the 

area of the interaction between the CPB and target are as follows: 

a • .,...... Target Material: As shown in Figure 3, conventional 

m11terials aueh as alwainuoa (which require& a 20 em thickness to attenuate 

a 250 MEV beam) do not appear to be usable or practical foT: material 

hardening. 'this is not to say that new taaterials and/or eOJDposites 

could not be developed that •ight meet the requirements of this 

•ission. Other organizations that have expertise in materials and 

material hardening should elC8l!line such approaches. As stated in Seet:l.on 

Itr.4.b, these materials should be effeetive asainst the "cone of 

radiation" as well aa the beam itself. 

b. ~ Electronic Protecti•;m: As ahovn. in Table 2 1 electronics 

can be hardened against nuclear effects and such work should continue. 

Extra shielding/hardening Will be required for avionic systems subjected to 
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thia Rew type of chreat. Taraet akin hardening will help to reduce the 

total raqutr..-nt for ~rdenina of the electronics. Hard.nin~ lovet~ 

muat b~ aatablished and electronic hardenins techntquea 1nYeat1M•ted. 

e. -flit" Crew Protection' A.l.ao aa atated eadiat', crw 

Hllbera of pmetraUq aircraft that tmCOUbtiiX' CPBW ayat..., will 

probably be eubject.a to x-ray and ....--ray radtatton doaaa in the 
''Kilo11 to ''*P" Rad lav.l. Thia viU probably be tl'ue whether the 

CPB hita the aircraft or baa a near at .. , becaue of tM 1'coae of 

ra4iation." Dependiq on vben :ln tha a1HiOR the aircraft 1a attacked 

by a CPBW vill detanatna tba aaxiJul. doaa ut.a craw ...ttua could. be 

aubjected to alld atUl functioo. v4lll enoush ad long. enoua:b to complete 

their aiaaioD. lladiaU.ona in the hundred:& of radl: will prob4bly b11 

enoush to incapacitate .oat crev •.-bare. ~ at about 80 rada the 
blood praaaura ts auffieiently lowered that a G-10&4 greater than ona G 

will probably cauae blecltout.. Certailtly, i!lveaUpt.ion muat. be accma­

pliabed to provide protection for the cr~ of atratesic weapon ayateme 

that will encounter CPBW ayst .. , ainca the crew appeara to be the 

aoftnt aubayatm of the atr:atq;ie wapo11 ayat• apinat the aapect of 

the CPBW. 

6, OTBBll CONSIDDATIONS (U): 

a. ~ Tbreat Warning: Thua ia one other extremely iJIIpOrtant 

area thAt hae 110t bean addreand. in the above diacl)t:don beca\Uiie it 

really doaa aot fall under vulnerabilitiee/eu.ceptibilitiea of the 

CPSW ayatea, but ia critical when conaider:taa counteraeaaurea to a 

weapa¥~ ayatea. that ar .. ia threat wamtns. Tbfl: 110t1t obvioua uae of 

a warnina receiver would be to uaa it for threat avoidance. If the 

peuetrator can t'fly around" the threat CPBW ayatem., miaaion au:rviv­

abilitiea ia certainly iuereaaed significantly; however, there probably 

will be circuznatancea which, for one r"eon or another. the p.enetrator 

rill not b• able to avoid ~e threec.. In thb cau • threat warntna: 

recetv•r, by •lertins the crew or interfacing vitb a co~teraaasur• 

activatiou control •yatea1 could aake the difference between a aucce .. ful 
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or unsuccessful ensaaemant, There are aeveral potential technique$ that 

a warning raeaiver might uae for threat detection. In the 1971-73 tt.e 

period, the AFAL conducted an 1nveatigatioa (Reference l) to determine if 
a laser would give off precursor anaray prior to the bean actually baing 

fired. Such precursor eneray waa found to axiat in a Md:YAC laaer. 
It is contOJIIPlated that ncb precursor eneray uy abo be baked out 

of a CPBW device prior to the &.am ftrtna becauaa of the larae q~tities 
ot enaray atored in tba ayatea ju.t prior to awitcbtna. ~ in the area 

of a weapon will probably be deteatable. bet.cticn of aeeondary 

radiation certainly aeema plauaibla. Acouaitieal or optical detection 

o£ the baa. itself ia probably a viable approach. Afty nueber of 

approaches probably exiat for the detection and dtr~tion finding of 

CPBW syatema that .. y poae a threat to a peuetrator. Near-tenD future 

countermeasure etforta abo~ld include an tnveattaation aa to what the 

requirements of a threat warning receiver ahould be. Follow~on 

efforts should theu convtder tuehniques for warain; receivers and 

ekperimenta to verify auch techntquaa. 

b. ~ Count.el"Dieaaure Conaiderati(tnaJ .Prior to providint: 

the recommendations and eoncluaione, a aet of ground rQlea for pros­

pective future CPBW countermeasure efforts should be put forth. The 

following are aome technical itema of conaideretton that ahould be 

kept in mind when conducting countermeasure efforta against thia new 
th'reat: 

(1) ~ CQIMI!On&lity: One of the 11t0at cr:ittcal 
factors ie to exploit the comaoneliti~s that exiat between different 
prospective CPBW systems. This will ensure that one count~rmeasure 

eystem can be utilized againat a variety of CPBW ayateaa. In aarly 

ccunteraeaaure efforts, only generic CPBW confisurationa can be uaed. 

(2) - Scenario 1 A 11ur£ace~to-air CPBW threat 
will be eonddered t.lte prtm.ry threat for first saner&ti\)11 particle 

be.- weapona. Second and tbtrd generation threats may include •1rborne 
systems. Countermeuurea that can counter both kinde of thruta should 

be given preeadence over thoee that can only counter the around threat. 

" 
SECRET 



r 

' 

i 
t 

. ' 

-----------~==~- -----······ 

SECRET 
(3) ~"Taraet Haneuveret When threat avoi4uce 

can be aecoapliehed it will be ua.a; how.ver. tt.oe will .xiet wb.a the 
penetretor vill aot be able to perfora radical or dreatic -.neu91ra 
lft4 will b&ve to penetrate the CPIW letb•ltty aoae (eithtr the baaa or 
11coae of racU.at:toD." or both) to ucoapl11h ita a .. :lptd aillton. Thne­

fnre, couatera.aeure techaiqu .. which i.,oee the 11ini~ requir..-nts 
for .aneuvere on the panetrator ehould be &iven precedence. 

(4) ...... CPBW Couattr-countua .. eu.ree: The Soviet 

Uniam vtll probably incorporate in..,.aaive 1 et.ple, effective counter~ 
eouater.e.eure fixea on first aeneration CPBW eyet.-.. Proapactive 
counte~auree ehould be onea that are not e&Aily nesated by eueh firat 
seneration couater-counte~aeuro ftxee. 

(S) ..,_ Threat Detection: Threat detection and 

location .. y be required for aoae, if not all, counte~aure techntq~ea. 

Counteraa&aure teebntq~•• that ut111&a leas aecuraey for ta~aet location 

aboul4 he stven p~iortty over tho•• techniques th•t roquire bifbor 
accuracy for protective affactivenesa. 

(6) (U) General Couai~oratiOAa: Certainly 

conai4eration should be aiven to prospective counteraeaaurea that confora 
to favorable eoata, weight. power, draa, tad raliability/ .. tntainahility 

paru.tera. 
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1. CONCLUSIONS (U): 

SECR&T 
SECTION IV 

CONCLUSIONS AND ll!COHMINDATlONS (U) 

~ The first aaneral concluaion arrived at under thia eff~rt 

is that technoloay Will probably proareae to the point that within the 

n«Xt 8•15 yaara ClBW ayatama could beeoma feasible. Controversy abounds 

today aa to when. and even if 1 auch devices co"ld be produced~ however, 

theta ~oea app .. r to be eno~ah evidence to favor the belief that such 
weapon ay¥tama will be accomplished. 

~ Secondly, it became evident early in tbia •tudy that no 

vulnerebility/auaceptibility enalyaia haa raally been done by the CP8W 

deaian oraanicationa. This really did n~t come as a surprise since the 

.. pbaata, and riJhtly ao, baing put forth in the US by tbe appropriate 

organizations working on CPBW ayate.e baa been in the area of provtns 
the theory of beam p~opasation, accelerator conoept8, power aaaaration 

tacbniquaa, etc. Certainly one cannot worry about counter-c~untermeaaure 

employmant until the weapon is deai&ned and shown to be feasible in the 

Urat plilCe· 

~ The third general coneluaion reached is that few vulnerabilitiet 

exist in this potant weapon ayatea and that developing effective 

countermeasures will be difficult. Unconventional oounten.eaaure thinking 

will have to be applied towarda aolvin& this probl ... 

~ Specific conclusion aa to the vulnerabilities of the total CPJW 

ayats• are shown in Table 3, It appeart countermaaaurea will have to 

attack primarily the fire control system or causa beam-bendtna. The 

majority of the other &Teae do not ahow much pro.iae aa to th•ir 

vu1narabil1ty/auaceptibility to countermeaa~rea. 

2. RICOMMBNDATIONS (U) : 

(U) Tha following recomaendetione are put forth for any naar~t8rm 
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Roca, acceleraton do not work 
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~ • .xt~ly hilh alectro­
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SECRET 
CPBW countarm.aaura proar... aa a raeult of tbia .-all tn•houaa onalyaia 
effort I 

•· (U) That a ''free apidt, blue aky" type of thinkina be 

appli~ Vben conaiderina proapectiv. couatarmtaauraa which could neacte 
a CPBW ayat•• Do not l:latt proepaetiva eountanauaura tachniquea to 

thoae conaidered aa 11COI'1Vailtional11 typaa. 

b. ~ That CIIIPh .. U lfhould be placed on countenaeaaure 

techntqu.a which attack the fire control aubaystem. Pointing and 
tracking errore of at leaat 4'·5' a~uld be obtained. 

c. ~ That eo.a further investigation ahould be put forth 
in the area of desra.ding the propagation of the bUill through the atlllO&"' 

phera. the empbaais in thia area abould mostly be put toward bending 
of the bHII. 

d. (U) That, since thia analyaia waa conducted under a limited 

uount of 111&1\powt:r and t:lme, as the threat bec011e8 better defined in the 

out year•, thia analyata ahould be redone, as required, to ~ep •breaat 

vitb CPBW cotlf1gurat1ons. 
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