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CWELCOME
'[E“:rl TO RGN
ANAHEIM. -~

“on beha]f of the NEM 1980 Cunference Commxttee, the Permanent NEM Comm1ttee, IEEE
PRSI, EMS, and cooperating government agencies, I welcome all of you to the NEM !980 :
. Conference, --The.meeting offers .over. 125 papers, presented by over 30 universities, .
cagencies and/or contractors from six different countries. ~We have iried to make it
~a broad-ranging conference covering the entire spectrum of -nuclear E?ectromagnetzc
-Pulse (EMP) techno]agy and hope that a11 of You, f!nd it usefu1 for your. needs :

T would particularly. ike to thank the HEM 1980 Conference Committee For a1l the
‘hard work they have done 1o make this conference a success, and the Permanent NEM
: Conm1ttee under Dr Car1 E Baum, for the1r gu1dance, he]p and gent]e nudg1ng

The goals of. NEM are to prov1de cross fert111zatzon of 1deas, to renew acquawntances, S
“'to summarize the state-of-the-art, and to suggest future approaches for EMP harden- - - .-
-::1ing, hardness assessment and hardness maintenance. " We hope you. w111 f1nd these goa]s R
:_-supperted by the presentat1ons and surround1ngs of NEM 1980 A S

1HLook1ng ahead 1nto the 1980's, a spec1a¥ session has been set up for ?uesday morn1ng

ion “Future EMP .System Hardening Reguirements™ to suggest hardening vequirements in LR
#he 1980's. “Congressional Representative flobert K. Dorman {(R-Calif) has also agreed - .0°

+ to be our banquet speaker we hope you can. attend both and f1nd them 1nterest1ng EEN
'and he]pfu] s ] RTINS . A RO

: Other spec1a1 sess;ons on System Harden1eg Approaches (Tues aft), a Pienary Sess1on
- {Wed. morn), Tacticai Systems (Wed. aft) and System Leve1 Component Hardenlng (Thurs
L aft) a1so deserve your spec133 con51derat1on . AETEE R : R

,Th1s conference was des1gned for you I hope you w11% f1nd 1t product1ve and Et w11} S
"lead to better understand1ng among us, a more meture consensus, and an 1mpetus to S
~ifuture work S ) o : . :

:fLaSt but not 1east I hope you enJoy your v1sat 1o sunny Ca]1forn1a we1c0me,_ief:'j ' 'f
-fagaan 10, NEM 1980 o : SR A AR

Gene £, Morgan N G\
. “Conference Chawrmenn'
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S0B30 _' FUTURE EMP SYSTEM HARDENING REQDIRLMENTS

-'0345

fﬂgae

L0915

1000
1015

'concerning the future EMP system hardening requirements and associated :
. technology. . The forum w:.ll zhen ke upened up to the audlence for comments
: and questlons. L . . - . :

_-theu area of ;Lntcrest, a5 follaws

.Strateglc Mlssrles Lt Col Jerry Allen, Chlef Nuclear Hardness and
._0830 E

: ..'3_'Navy Shlps EMP. Overvrcw, Dr ‘Kurt Enkenhus, Dzrector huclear Effecta Dlvzslon, e
0930 . - . .

.'Break (35 mlnutesj : L
T Strategrc Alrcraft Col 'i'homas R, Meyers, Deputy Dlrector Strategrc S?O, RN 2%
"1030 - AR RERRRT R

] _El Segundo CA

_'i‘actlcal Army Systems, Dr. R. A Pfeffer U S. Army Research and Development o
.Command Harry Dlamond Laboratorles, Adelphl, MD . :

TECHNICAL PROGRAM

o TUESDAY HOKNING SRR
“TAUGUST 5, 0830-1130 . it

Pane.l o

" Segslon HA-1 R
SouLh Ballroom S

; Cha:eran Gene E Morgan, .
L _ch_kwell__Iz_ltgrna].iopal_ SR

A select group 0£ 1nv1ted panehsts will each present thelr views - B

The guest panehsts wrll each present a paper on requlrements in -

Surv:l.vablllty D1v1smn, _Balhstzc M15511e Offlce (BMO) Norton AFB CA A SO .

. "'-_'AI‘ Research Mr. John Darrah Sem.or Sclentrst Nuclear Technology, Axr Farce

Weapons Laboratory (AFWL}, Kn‘tiand AI‘B NM

: Navy Arrcraft Capt. Russ Davzs, USN '?ACAM{} Pro;ect Offz.ce Naval Alr Systems RSN,
-Command (NAVAIR}, Washmgton, D C. . R

, .-_Command Control and {:ommunlcatlons (C3}, Lt Gen iilllman Drckmson, JDll’l‘t Chiefs s
~of Staff.Director for C3 Systems (Paper presented by Ma;or Roger C Carro), RREES

Washlngton, D C.

Naval Surface Weapons Center {}\SWC), Whlte Oak MD

DNA Research Mr Paul Flemlng, Defense Nuclear Agency {DNA), Alexandr:;a, VA

erght Patterson AFB OH R

Space Systems, Cal Robert A Olwem AF .Space _Di.v_isi_on., R B

__.Pan81 Dlscuss:Lon and questrons S
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P S35 Quasistatic Electromagnetic P etration of £ Spherlcal Shell Th ugh.a .
: 08301_-Circular Aperture, K F. Casey, The Dikewood Corporatlon, Albuquer ue,. WM

'f_Zfﬂ'Low Frequency Magnetlc Field Coupling Throagh a Circular Annular .Ap rture;:{

: ric Field: Penetratlon Through Aperture
: D. Bi der Hughes Alrcraft Company, e ’ ;

S pertures in'a Conductlng Cyllnder, ]
'__'1020;_:3 W. Wllllams and L. Slmpson M13510n Research Corporatlon Albuquerque,” _: 

o NEMP Field Penexratlon in Cyilndrical Apertures, T Ruedy, J: Ber ééhéé,”f.
“and’ B, Wamister; Swiss Armament’ Téchnolagy angd’. Procurement Group Technlcal-f
U pavision 85 AC—Laboratory CH—3752 Wlmmls, SWITZERLAND I :




;'TUESDAY AFTERNOON L
: AUGUST 5 1330 1700

Panel ‘on’

2330 YSTEM HARDENTNG APPROACHES

Chairman:  Lemnart Marin . .
The Dikewood Corporation ji . niiin

This panel w111 address the EMP hardenlng approachas approprxate to
-[:strateglc systems Topxcs consxdered -are ‘shielding, device. hardening,._.3
hardness .maintenance .and assurance, .and ‘hardness 'verification.  After -the U

. opening presentations_the forum wiil:be: opened to ‘the audlence fcr comments L
< and questlcns.- s : : :
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| sSession (INw2

3sCharactar1zation of 3—52 Alrcraft Multiconducfor Cable Network
ALK, Agrawal M1551_n Research Corporatxen, Albuquerque, NM and

'_. Exper1m ntal Charactetlzatlon of_
"Transm1551on Llnes Using TimemDomaln Technlques, A K. Agrawal and

Comparisons of Predicted.and Mea__red Cable Harness Responses in-a
Sawyer, Con uter 561ences Corporation

“dn Close Prcximity to GRS
] amlltun,_ ; Txnton ¥

_aly51s of . the Shieldlng Effectlveness of a Muitl—branch Cable 1n.a
'-RAMS Test Conflguratl : —B g, R kwell Internatio al Anahe1m, CA

jﬂpper Bounds on Cable Slgnals, WA, Dav;s ergini. Polyt
Instlt e and State nlver51ty, Bia k. burg, VA
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Rockwell International Anahe:un, CA
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wther audience Eor




_--'Bevelopment of ?ortable EMP Injection ',{‘echm.ques, E. Carroll L.-Libe
ﬁ_and D. Koury, Naval Surface Weapons Center,_Dahlgren, VA K. Kunz
.Misslon Research Corporatlon Albuquerqu_ -NM; “and M Wemert KBC
: rch and Pevelopment, . unster F GERMAN

. ._Techniques for Smulatiag_the ResPcmse ‘of the LF/LF Dual-Wire
Antepna on the: E—L';B L. r 1kewood Corporataon, Sam;a Monic

“Rockwell -

| EMP Slmulator'Design study, K D.-Granzow,
The leewood Corporatlon, Albuquerque fuiyd

M re ent and Interpretation ‘of the ] i
: (The Helm} in ‘the. Mark 1" DL Au:'ora Source—Region EMP Slmulator,

D1 eglon Simulatlon Program. |
'._Bushell R Manriquez, &, Merkel, W Scharf and D.'-
: earch and Development; Cummand ;

_Scheme e Kenyon, el Merkel w “Scharf,” and D._-Spohn, 0,8, Amy :
'-Electronics Research and Deve pment Command Harry D:Lamond Laborato i
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 Effects of an Amblent Gas on SGEMP W E Hobbs and D E M 0 Dean, JAYCOR
-.Santa Barbara, CA E

fSGEMP Electron Dynamlcs Near an Edge J Dancz and R._Stettner Mi551on_:
HResearCh Corporatlon Santa ﬁarbara, CA B e L

-Electromagnetlc Em1551on from Electron Beams, H S Cabayan, Lawrence b
'ﬂleermore Laboratory, leermore, CA o RE . .

. Beterminatlon of the EMP and SGEMP Response of Cylindrical Scatterers.ﬁ
. by Network Analogs, W.R, Zlmmerman and E B. Mann, The BDM Corporatlon,f
'”-Albuquerque, NM : n R ; A

:R,H Kingsland, TRV Defense and Space Systems Group. ‘Redondo. Beach, CA, -f '
-:D,C, Hounkes, Computer Sc1ences Corporatloa, Albuquerque, HM; and S
G A. Aeby, AFWL Klrtland AFB WM. . ) P

uScreenlng, Categorlzation, and Cla551f1cation for Nuclear Assessment N
cof Satellites Using NHEP~S, J.F. Hunka, M.L. Van Blarlcum, and A R, Hunt, o
Y Effects Technology, Inc., Santa Barbara, CA ;'Z-: s A L

'SYSTEM GENERATED EMP ...
: Session EN-2 .ot
~-.South Lounge :

L Chairﬁan:'gﬁis GilBsrt,'MRC o

mvmowm* ) INTERACTION I

TESTING R

Qualiflcatlon Model Spacecraft Test Con51derat1ons, E. P ChlVIBgtOn and




" THURSDAY MORNING -
~ AUGUST 7;' 0830 = 1200 , _
“SYSTEM TEST' AND ANALYSIS R

- Session ST-1:
South Ballroom

L Cﬁgix‘-ﬁz;r‘_l: 2 Gerry K Schlegel RDA

:.'i;J:Air Launched Cruise Mlss1le EMP Analy51s, 5.W. Kormanycs and E: J.
- 083G ”Quenemoen, Boe1ng Aerospace Corporatlon Seattle, WA PR

_:,}iZ. Determ1nation of POEs and Cable Excitatlon From E-3A EMP Dlpo
© 0850 Data, L. Marln, The leewood Co:poratlon, Santa Moﬂlca, CA

B.System Level EMP'Test w L. Curtls;

» 'Boezng-Aerospace o pa
o Seattle, WA G R

TRMPAT 1T, Hardening Verlflcation of TACAMO R.V. Whlteley, Rockwell o
) QInternational Anaheim, CA

B .Air Launched Crulse M15511e EMP Dlrect Drive Test, c. A Rolfe, Boelng
: 1020::”Aerospace Company, Seattle, WA I : L

"EMP Assessment of the PATRIOT Candidate 150 kw Mcbile Electrlc Pawer
Plant; Ry Garver, U.S. Army Electronits Research’ and Development Command,

2" Harry Diamdnd’ Laboratories, Adelphiy MDY 8.4y Clark, Jriy Technology:

Lo pevelépment of Californid) Arlington, TXj and J: Washibgton; U.S. Army

- Electronics Research and Development Command Harry Dlamond Laboratories,
*__'Adelphi MD s S L : . . . :

_ Air Launched Cruise Mlssile EMP Free ?1e1d Test A M. Smlth and S W
; Kormanyos, Boelng Aerospace Company, Seattle, WA :

. o 3 £1ectromagnet1c Pulse Prediction Capabllltles W AV Rabke, DNA B B Gage,
S 1120 Boeing Aerospace Company, and E L Arnold G E. Tempo,

15



.:Aircraft Probablllty of Survzval ag a Functlon of the Response Distrlw
:bution, R S Carter Boelng Aerospace Company, Seattle, WA L

A Statlsticai Approach to EMP Coupling W1th1n a Communicatlon Fael;lty, ?_'

:F J. Agee, P.H. Ditimer, W G. Parsons, and R, L Rothrock The BDM
: Corporatlon, MCLean VA__ . . : .

-'Break

..A New Menhod of Calculatlng Damage Marglns, J V Locasso, Rockwell
_:“Internatlonal Anahelm,_CA i . '

_-An Investigation of the Predlctlve Capablllty of the Junction :
- ‘Capacitance Damage. Model for Semiconductor Device Transient Failure, .
“°M.J. Veabel, U,S. .Army Electronics Research and Developmen: Command
.-Harry Dlamond Laboratorles, Adelphl MD Pt

ASSESSMENT
Session AS~1
: Notth Ballroom B

.:Ptobabilistic Aspects
ZChaixman Chris Ashley, AFVL o

1-_-Statistxca1 I“terprﬁtation Of Component Test Results in EMP Hardenxng AR
-:and Vuinerability Assessment, ﬁ R Graham ané C. T c. Mo, R& D Associates,
: Marlna del Rey, CA . : : ; _

Proof of a Generalized Locasso C0n1ecture, R M. Bevensee Lawrence RS
-leermore Laboratory, leermore, CA .

. B.. Component Thresholds N
Chalrman Robert Pfeffer, BDL 7

"Boundlng EMP Damage Threshold Predlctlon Uncertalntles, b. L Durgin
.;and R.8. Shoup, Booz, Allen & Hamxlton, Inc s Bethesda,__ .

.Computer Slmulatlon of Second Breakdown in Sllzcon~on~Sapphixe Dloées,  }:'
-A.L. Ward, U.S. Army Electronics Research and Development Command ;
Harry Dlamond Laboratorles, Aéelphl, MD o




L ANTENNAS
" Session TN-4
; South Lounge-

Chairman David MErewether EMA

”_::1}_ Application of NEC and NET~2 Codes o Antenna Response Uncertalntles,
0830 L.C. Martin, R.M. Bevensee, 0T Bogdan, and G. J Burke, Lawrence
: 3 Livermore Laboratory, leermore, CAY 0 S

' Currents Induced bni'a Bare Cable.In51d :a'Miééiie"T é'JTong}'A 'Snnkéf;ff
and P ?arhaml TRW Defense and Spa' 'Systems Group, Redondo B ach CA:

N .i'End Correctlon for Coax1ally Driven Mouopole, ﬁ Morris,'”'
QQLQ-mZLaboratory, Albuquerque NM; L :

5 ;-&.'ITheoret1Cal' ned; Exp LI
0930 iava, Tlme—Varylng ALE Conduct1v1ty Envlronment, RIPL Manrlquez, U85 Armyﬂf
FERASE: _Electronlcs Research and Development Command Harry Dlamond Leboratorles,-”ﬁ
Adelphl, i . . =

_"Experzmental and-Theoretlcal Response “of an Oscillat1ng Loop to A
B Electromagnetlc Pilse: ‘inva Medium with' Time-Varying Ait Conduct1v1ty,',
M. Bush&lly R. Wanrlquez G Herkel, Wi Scharfy ‘and D Spohm, U.S.
ATy Electronies Research and Development Command Harry Dlamond o
S:'Laboratories, Adelphl, ™MD .

._'Brnadband and Tran51ent.Analy51s of the VLF/LF Dual~W1re Antenna en_
}:io the  B~4By Li Maviny THe Dikewood: Corporatlon, Santa Monlca, CA, and :
'Q_J ?. Cast1110 AFWL Klrtlaud AFB 1 DETTLI O Y i ; s

'a;fTran51ent Corona Effects on ere Over the Ground K C' Chen AFWL
T._Klrtland AFB _VH :

".:'Estimating EMP Coupling to Shlpboard Antenna Systems, L ci Martln, H
CRUM Beveisee,_H S _Cabayan, and E. J Deadrlck, Lawrence Livermore:
"Laboratory, Livermore, CA . .

'A Slmple Model of Very—Lo Frequency CW Corona Loss on: 4 Two—ere
Transm1551an Lineg,: MRy WllSOH TS Ariny Electronics’ Resedarch and
'Development Command Harry Dlamund Laboratorles Adelphi_ MO,

S



GENERAL CONSIDERATIO
: Session IN-5.
orth. Balquom A

_amip”Pidﬁ;ems féf.lrfeguléf}y;_aj
“New “4lbuquerque,

SHIELDING
‘Bession IN—B-

3}Sh1e1ds and Particularly v1a Cable'Entrles, J'L ‘ter Haseborg and N
H. Trinks," Hochschule dex’ Bundeswehr Hamburg, GERMANY, ‘and R._Sturm
: 5

.'Wehrwissenschaftli
;Munster, GERMANY

' EHP Coupllng to. the Inte nal Clrcuzts of Mlssiles and Torpedoes Through'.-_
i ler Harconl Space & Defense Systems At e




3 TE HNIOUE

Ues gh P ame ers for H)rbnd Terminal Protection; Devices, Ri Vi Ga;
21 DS Armiye Electromcs Research and Development Command
: Adelphl, MO










MEASUREMENT TECHNIQUES
e551on HT~1

'“Collection and Processing Techniques for ngh Speed Tran31ent EM Bata, _"
1.E jzlcker, Lawrence:leermore Laboratory, L1vermore, CA : :

jProc9531ng of Data for "B'EMP Test M. A OIByrne Boelng Aerospace
_Seattle, HAI' : PERTREE S

f"Improved Test Instrumentatlon/Reccrd1ng echnzques W H Cordova,-
'fRockwell Internatlonal' Albuquerque, M SR




Eo Perpend1cu1a 1o _.-.c_ -
) apEr‘tur

12, and 4 may befound in [
to: have beerisolved: DTEV1DUS1

'bécomes comparabTe t
.t1on were prESent wh

) : _EMP Interactions: Pr1nc1p1es,
Cand Reference Diata, AFNLITRE79-40%,: ATr Force Neapons Labora~
tory, K1rt1a d: AFB NM; December 1979“




Low Frequency Magnetzc F1e1d Coupllng Through
a C1rcu]ar Annu]ar Aperture R o

'R; M Sear1ng

~_-Rockwe11 Internat1ona?
3370 Miraloma Avenue-'q

Anahe1m, CA 92803 !

,_--.'Low Frequency magnet1c f1e}d coup11ng thruugh a c1rcu1ar annu]ar
Cinstot s 1nvestlgated ysing static Gireen's Funciion and -the resu]t1ﬂg
% :1ntegra1 ‘equation for the aperture. Field distribution s soived by a'
“icombination of: anatyt1ca} -and ‘nunerical ‘techniques.'The ‘effective
S Umagnetic po1ar12ab131ty a -ofithe equ1va1ent dipole. moment dnithe :
“aperture s ‘calculated an@ ‘compared to ithe ‘measured o from an. electro»;: ;
Cosdytic tank ‘experiment.. . Within the range of ‘'sliot’ width/diameter rat1os i
Sef 501 o L5 (circular: he]e), the results ishow excellent agreement
W fbetween theory and . measurement “Additional measured vaIves of am are
_qa]so presented for annu]ar gaps.. about a square aperture i 5




the waveguldes, anﬁ'the
the wavegu1de;modes at_the end” of:the waveguldes.

f1n1te enclo'u:




'.;NUMERICAL METHGD FOR_E!.ECTRIC FIELD PENETRATION THROUGH APERWRES
“Paniel -Binder : :

Hughes Aircr‘aft Company
Caﬂver Czt_y, CA: 90230

._-”A numemca'i method of ca]ctﬂatmg the e?ectrwca! f1e1d penetratwn
through apertures was mvestrgated “The methed is ‘purely. electrostatic
-and /s ‘based .on ‘the. weﬂ known -finit dafference technique for solving
i _Laplace 5 equation.: It has been recognized that el ectrostatic:methods ¢
o) yield. results that ‘are consistent ‘with more general .methods for the
wofar field {2).: The finite difference. techmque ‘has. ‘the. advantage that
it s apphcab?e to any gemnetr,y, but ';t may be 11mrted by ;

; -of computatmn requwed : _

where v, X and y ar'e a norma]*iz_ :po erma] and nonna“hzed coordinates; il
:The agreement between ‘the numerical -results: and ‘Kaden's potenha]-_.vamed S
“with the number of divisions ‘per.s)it width,. For the far ﬁelé, i
divisions per-slit. width y1e¥ded agreemer%t withinaboyt. 4%, SINT
The.: numemca'l method was applied toa pr‘oblem that relates to. s!otted
tennas, where the. couphng to ‘the. outsade is.a/ s'ln: and the ccmpizng ;
it ithe e]ectromc : o
S increased, the_-:
: .-_;_'___ma§n1tude

_ Ho g rbelstmme ancl_ ch1mung der Nachtmchtentechmk s
5.Spr1nger~—Verlag, Berdin:(1959), pi208. .7 : :

_. ,-Interaction Note 323; "'Transmss1 on- through One or
'Mor‘e Smaﬂ Apertures 'of Arbitrary Shape,'{ September 1977,_p




: .and Larry S1mpson
--M1ss1on Résearch Corpovataon S
_400 San Mateo B]vd VS E;_Su1te A
i b _

inite: dafference code, which: has Been: found:: iR past stud1es to y1e1"

: reasonab]y accurate est1mates ‘of exterior charge ‘and: current: densit
wfory test objects in aifree f1e1d EMP: s1mu1ator ‘Several modifications.
toitha: existin computer: code: weve: necessary to model “the experiméntal:
conf1gurat1on :These changes: included expansion: of the mathematical
roblem: space to: provude 1ncreased spat1al reso!ut1on and deve]opment i
+of;a put formalkisn to:allow: faclusion: of wWires havwng a‘diameter:
2 less: than individual cell’ diménsionsy Comparisons aré- presented’ between

©: o meéasured and calculated. internak. currents obtdined under botf EMPSAC:

c11}um1nat10n “and exc1tat10n by dxrect 1nJect10n ?otent1a1 1mprovements




CUNEMP FI EL{):___";;?ENET'_RAT.I_'{}'N IN CYLINDRICAL APERTURES

: '.-Ruedy T., Bertuchoz J., Wamster B
o Swiss Armament ‘Technology ‘and ?rocurement Group i _
.'-.Technlcal DlVJ.SJ,on 8, AC-—Laborathy CH=3752 . W:melS Sw1tzerlan

o rom a NEMP 'standpomt the behakur Of electromagnetlc_-flelds 1n-;
Seiireide cylmdmcal apertures nust . be well: understood for an effectlve
-"_.-_hardenmg concept _ L L
“‘This problem has been investioated 4dn an experlmental prcgram usmg 3
i ia balanced ‘transmission ‘line Ei‘IP»smulator -
o For various distances ‘From the top ‘opening "peak amplltudes and tlme.
dependences ‘of /the ‘electric ‘and. magnetic f1e1d_1n51de ‘the. cylmder
ATe. measured.__- & : SR
_.Results of test configurations with, dlfferent diameters and a.ngles
~of ‘incidence are compared with'a smple analytical ‘model for ‘the -’
“geometry con51dered “This 1ine. of Anvestigation will: lead to, an
optlmlzatlon ‘of . s}ue}dmg reqmrements for. buzidmgs'

_""Affalbllssement _-'d’une onde electromagnethue dans m tuyau
. “Pub,Ecole Polytechnlque Lausanne Novembre _1979

.-'111 Sh'elded Enclcsures" May 1976 e

= ;: “Electromagnetlc Penctratlon through Apertures 1n Conductlng
Surfaces",' IEEE—Ap 28, No 1 January 1978 _ _
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A STUDY UF A RESISTIVE SHEET BIFURCA?ING AN I8
g0 INFINITELY WIDE TNG PARALLEL FLATE LENE '

LR, s. Kunz and D, v. G1r1 a’” &
__Inc., P.0. Box 1263 Berke]ey, CA 94701

R ThiS prob]em der1ves 1ts m0t1vat10n from the TDng stand1ng.? sue of <o
Al magnetic Field ‘notch’'at ‘the icenteriof.the ALECS SFacility [1].:0n the
‘scale model facalaty -at Harvard, ‘this notch -in the magnetic f1e1d mas .
‘duplicated .and 1in add1t1on i, correspond1ng electric:field notch was:
2180 experimenta}!y observed at @ nearby location ang s11ght?y d1fferent A
frequency :[2]. The modal decom9051t10n ‘of ;the.measured fietd 2] enab]es o
Slong 4o concllde that these notches in:the incident field are.dug to spa-
snitialidinteraction of:TEM :and TMOl moées trave11ng in forward ‘and reverse.
-d1rect1ons.a Consequentiy, “there i need for uppress%ng the TM01 mode g
and reduce TEM reflections as well i :
SosiiniyInsthis papergtwe chave | ‘considered, the prob]em of ‘a res1st1ve sheet_.
P 1furcat1ng ‘two infinitely ‘long and dinfinitely wide plates that are: sep-
.arated by &, f1nite distance.ﬁ The res1st1ve sheetiis of:Ffinite w1dth
“along the. propagatTOn ‘direction;and 1nf1n1te1y long in the transverse
-di ect:on The ohject of -the probiem is to consider:a TMg: mode which .
has.its ax1a1 electric field van1sh$ng at: the top, and bottom iplates ‘and .
Al max1mum atithe middlealong the resistive sheet.” Such an 1nc1dent
itwave 'Willocouple 'strongly to the resistive sheet.: By ‘Using.the. class
j:-method of-modal matching at two interfaces, along with ‘the boundary con-
~ditionon: the resistive sheet “the; re]evant physical parameters’ 1tke
the attenvat1on constant; ef1ect10n and transmission; coeff1c1ents are
determined.: The Tesults ofial parametr1c study -willhe: presented SThel in i
usefu]ness_of these resu%ts liein: 0pt1m1zxng the w1dth -and the- res1stance:-

S [l] J C ﬁ11es et al.y "Eva]uatxon and Improvement of the cw Performance:ﬂu7'
; L of the ALECS Fac1}1ty“, ALECS Memo 10, September 1975,

 . F[Z] T T Nu, et al.y" “Exper1menta1 Studzes ‘ona Scale: Model Para!]el-. R
: St Plate Transm1ss1on L1ne Type of EMP S1mu1ator" ALECS Memo 18
5_31 July 1979'“
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Cihe calculateé results have_been experlmentally checked on a reduced

HDRN EMp- SIMULI-\‘I‘OR WI‘}?H NON LINEAR
©.f - PROFILE . : :

ESNAULT,

J Ch BOLOMEY

Laborat01re des'Signaux et Systemes (CNRS
S *“& Groupe. é'Electromagnetlsme

-;lator ccns;sting'ln ‘a horn, the proflle of Wthh 1s non 11near. Thig

coprofileris determineg dn order to reduce the phase erTOY | due to the
.':unavoidable phase:front curvature ln conventlonal anear horns (Flg.
A1) g :

: 4The 51mulat0r has been studled both numerlcally an& experl—:._.
o mentally._The numerical approach has been conducted by ccnSLdexzng the .-
‘isimzlator as a caﬁcade ‘of ‘short ‘sections of parallel plate, waveguxdes

;:scale model, The! measurement £ the_surface current on long ccnductlng
.cyllnders 1nserted in. the ‘gimu ator has prov1ded R mean of estimatlng
fltsglcbal behev1our in presence _f ;@ target . Indeed, experimental re-
_sults can be/ comyared to those ‘exactly calg lated for th ‘same cylln—
llumlnated by a true plane wave ., i

F..and §.N.I.R,S.




_Ifr_lport_ant_ Benefit;

oratery' 'n_:New Mexmo. ’i‘hese" systeéms; hav %
{ 1t_ter) apability’ of_ InS pe ehanne
+Marx.generators and:
: b et

.Th eg)ei'atwn of these systems, mcludmg the
fflcult:e ! he' syste
rator‘s pos tmn_ ising eal tlme dlsplays is:; descrxbed

operator, they pro'iude the: possxb;lity ot MHore: {mportal
beneflts fo _the - conduct: of EMP test and; ana1y51s._ Flrst of; 'all,j

% s the fmng of EMP generators with axternal events such as

"~ the system under test. It w111 be possible; 1o fire the ‘pulsersgas”

the most mterestmg time fiv'a: a'p:dly sequeneing eléctronie’ syste'm

85 a’computar Another zmportant advantage now brought 1nto reach is
e capablhty, o

pulse of an EMP generator

the output pulsel: In"pedki 1 generators, the oSt popula

United States; this ¢an be aceomp hed by tzght control of the t mmg
3 'tween the: chargmg of’ ‘the: main, ' '




jA TRANSIENT :_IGH—VOLTAGE S{}URCE FOR DIRECT INJECTIGN oz-" :-_
' 7 THREAT~LEVEL “EM?  GURRENT -ON . A
..CA_BLES OF ARMY “TACTIC

QUIPMENT :

o Bevelopment Command
HARRY DIAMOND LABORATORIES

transmztted over unshielded tw1sted palrs of fleld wire.: These commu—
'nlcatlon systems are: commnn “and, often have many fleld—ere palrs "BE
-1nputb.-frhe short~c1rcu1t current that can be coupled Lo a tactlcally
configured twisted field=wive pair: ‘excited: by ‘the electrcmagnetlc pulse
soeifrom a nuclear detonatlon can have a peak amplltude of several thousand. -
;ufamperes, a ‘risetime in ‘the ‘order: “of 1100 :ns,’and’a ‘fall ‘time ‘of ‘between .
b Exc1t1ng such: 1arge response& with radlatlng EMP simulators__
i for: purposes of “EMP hardness yerification 1s-not p0531ble., Therefore,-a
L hlghwvoltage, hlgh—energy pPOL able ‘Marx generator has ‘been designed: and:
2 built for the purpose of prov; dlng ‘direct-drive high- level current:in=:
““}Jectlon for hardness v6r1f1cat10n testlng “The unlque feature -of ‘this L
22-kJ 400~RV sgenerator is ‘that“its source: 1mpedance is never: hlgher than;i.
10 -ohms even when the Marx is: ‘o ,conductlng.; It ‘thus approaches the
: _1deal voltage generator for ‘mogt ‘fead condltlons .'This paper ‘pregents .
sia deseription ofthi unlque EMP. hardness verlflcatlon tool ‘the results 5
_fof dnitial testlng, ‘and ‘some ; alternate experlmental ‘uses such as ‘8 BOULCe.
V'for establlshlng the}dLelectrlc breakdown of : 1n—p1ace SDll corona 1osses




:DEVELO?MENT OF.ENERG¥ DISTRfBUT[ON CONCEPTS
AS RELATED T0. ELECTRUMAGNETIC F!ELD WAVEFORMS

tlmes have produced many dlfferent_e?ectromagnetlc fleld waveforms.
:The tradltsonal method For ‘evaluating thesé waveforins: I's: to examing

:,spectral components

. Fourier, Transform of: : _
CEj : § th a: procedure forljde

Tha resul

This wcrk was onnsored by the'BeFense Nuc!ear Agency under Contract i
'; DNAOO! 79 (= 0361 S : i : k




"_.PLANEWAVE SPECTRAL DENSITIES FOR THE NEAR-"_
L BND FAR—ZONE WAVES OE‘ ANNULAR RADIMORS i

_Sandla Natlonal Laboratorles
“ lbuquerque,"wew Mexlco 87185

__Electromagnetlc waves havefbeen represented by the ‘weighted
'sums of ‘sphericalior cylindrical harmonic, functlons._“They
Lgan also ‘be. approx;mated by the: welghted sums ofielectric.
and . magnetlc dipoles. . These. decomp051t10ns are. uSually '
jperformed to fac1lltate the solution ‘of: boundary -value.: S
sproblems or ‘the . ‘simulation oficertaln desited. env1ronments.g{"_
”For 51mulat10n technolcgy, thlS papex consxdexs ‘the. rlgorous_';T

olutlons ‘of. annularjxad;ators that ‘represent’ ‘the electric.

' idi ith finite radii. "The dnitial. solutlons
fof these dlpoles areiin ‘the  form ‘of: Fourler transfarms“whlch
‘converge lvery: slowly.; Raplély convergent solutlons ar
fobtalned through dintegrations.along: ‘a branch : cut-in; “the. ¥
*complex plane of a spatial: spectrum., Flnally, the. solutlons_ﬁﬁl~
‘are./obtained.as 1nf1n1te series of polynomlals initermg:
of: spatlal coordlnates and ‘the angular frequency of radlat
ing isource.’ sthe thr forms of ‘solution are. wvalid in.
“hoth néar and far zones:: en the radiiof: dlpoles approach
””zero, the: solutlons reduce to. ‘the ell kncwn dipole waves o
unger; p01nt-SOHICe approx;matlons The “planewave, spectral-;,
fden51t1es Aarethus. formally obtained to ‘represent ‘the annular
_rad1ators.= Slmllar to tlme-modulated waveform : envelops w1th
‘a . carrier:’ frequency, ‘certain physical 1ns;ght -and analytlcal
ﬁ_convenlence ‘are ‘enhanced by ‘the planewave ‘spectral densities.
‘Examples ‘on. tran51ent ‘radiation‘and near- zone_scatterlng-'-
_re glven for the utility’ 6F! spectral den51t es,




response’éan’ be: made; to'approx

current) on; the muit1conduct0r?_
fenes. are then us v ;

'work performed under ‘cantract: F29601 78~ C 0082 For Mtss1on Research
-Corporat1on and_the A1r Force Weapons Laboratory; :




3CHARACTERIZATION OF B 52 AIRCRAFT MULTICONDUCTOR £ABLE NETWDRK_.

: --fAshok X Agrawa? ot o :
: :.M1ss1on Research Cerporat1on B R
s 1408 San . Mateo Blvd. S.E. Suite Azr--
'- A]buquerque New Mex1c0 87108 .7+

CThe
-mu]t1conductor cabTe g5 mode1ed as a s1ng1e—w1re transm1ssaon line SThe o
equ1va]ent s1ng]e~w1re line. represents the comman- -mode propagation;on the it

Sivicable.The Jequivalent: s1ng1e =line parameters are: measured exper1mentaiiy

“and compared with simple calculations. = The single=line. ‘parameters are i
2 Cobtained Fromithe measured: mu1t1conductor Tine parameters.:The: a1rcraft.”~5-”
ribs: and ‘bulkhead penetrations are; characterized and 1nc]uded in. the’
‘model. A comparison of easured. bulk ‘current transfer ratios inithe
'rcraft and, 1aborator aiong 1th ca]cu1ated resu]tS' _presented i




: EMP INDUCED_AIRCRAFT_INTERNAL PIN:.:
"CURRENTS USING A_SINGLE“LINE APPROXIMATION-
FOR_CABLE BUNDLES

"Corporatxon
X 746




"",EXPERIMENTAL CHARACTERIZATIDN OF PAR?IALLY DEGENERATE THREE CDNDUCTDR.Q:;”
EEER RN TRANSMISSION LINES YSING TIME- SOMAIN TECHNIQUES 5 S
R Ashok K Agrawai and Harold J. Pr1ce IR
s Mission Research Corporatton B

1400 San Mateo Blvd.} :S.E:: iSuite: A
A]buquerque, New Mex1cc 87108

. In a recent paper’,_a method fer the t1me doma1n charactertzatten
_rof JossTess multiconductor: transm1ss1on Elnes with cross-sectionally.

. inhomogeneous_dielectrics was ‘presented.. This method is limited to - T'

1ines with. completely nondegenerate propagat?on “that s} all ‘the modes .

S have ‘distinct propagationivelocities. A knowIedge of the ‘modal ve]ec— B

ities and the modal amplitudes’ {e1genvectors) 45 needed.in order tp

“pbtain per-unit-length 1nductance and ‘capacitance matrices from the ;-fu A

;character1st1c 1mpedance matrix..-Degeneracy. among, modes ‘may ‘occur due

~to symmetry..:For. part1a11y degenerate propagat1on where ‘some ‘groups

of . modes -have ‘the same prcpagat1on ve1oc1ty in. each?group-'the degen

~§a g modes cannot’b 1 _d

“;In th1s paper A method- R} ¢ ;
_ lossless,” part1a13y degenerate three: conductor ltnes, together w1th
‘experimental idata. It ds shown. ‘that -for.the .degenerate .case. the pred.
uct. of:the 1néuctance and ; capaCTtance ‘matrices can be d1agona11zed
“and : the yoitage :and. ‘current: ‘eigenvectors are mutually orthogonal ‘to.
seach other. -Since modes with the same: ‘velocity ravel: together, on]y o
the 'sumof: the modal: vo1tage or.current amp?1tudes for. these modes can
“be, measured +The individual modal amplitudes can be obtained from::
othedr. sum by using ‘the: orthogona11ty properties ‘of ithe ‘modes, The 7.7
“resuttsifor.a ithree- “conductor:1ine.:(over.a ground. p]ane) are-in geod
“agr ith i dependent frequencywdomatn measurements.~

;1A K Agrawa1 H M Few]es and L D Scott,'"Experimenta] Character~} e
ization of Mult1conductor Transmissien ‘Lines in.Inhomcgenacus Media.’

“Usipg Time-Domain Techn1ques“, IE£E Trans EMC Vo] EMC 21 No 1,_-'

5 pp.t28e 32 February 1979 T DONR :




S1400075an Mated: Blﬁ.
: Albuquerque, New
s :

o Jst=3 flelds wera: generated by 3. parallel olate

;located as faw; centlmeters aboval the cabley bundle.~_

Cands voltages were. calculated for ‘thecable: saiélds. and; ‘cor
dlctorsiand: were: found: tq_compare favo ably withjth'- -

: 1mentally measured values

sed in performings the above comparlsons'are' [eTineatad in
he concludlng gection’ Df3 et : ;




EXCITATION OF. MULTILINE SHIELDED
CABLES IN CLOSE PROXIMITY TO A
;FLAT BARTHY 00

UMJHDUTESLER U0
BOOZ, ALLEN. & HAMILTON, INC. . .
_COMMUNICATIONS AND “INFORMATION -TECHNOLOGY | DIVISION

SR As part ‘of ‘A study o determlne the adequacy of termlf_
_L3nal protection desrgns, ‘a model WaS developed o evaiuate'
sithe BEMP-response of: multallne ;gshielded cablesin close.

_:-proxlmlty to the ‘earth. = :This paper. presents sallent-feaw
"ftures of' hat mode deveiopm nt.'

s ’ nztlally__the fleldj espons cof an 1nf1n1tely 1ong
"jconductlng sheath:is determlned, dgnoring ‘theeffect of i
wnon»axlal (clrcumferentlal} ‘induced ‘current : dastrlbutlons.*
S LT - shown ‘that this: approx1mat10n 1eads to results. wh;ch'
“become. 1ncrea51ngly ‘less - accurate as “the cable helght
-approaches “dts radius. " Exact results for: parameters of
ﬂlnterest are shown to ‘be. ‘obtainable by postulatlng, for.
the: excrtlng flelds, an effectlve boundary dlfferent from'
;the actual sheath boundary : : ;

' 9.boundary is used 1n the development ‘of transmrss;on 11ne S
'equatlons for . the termlnated sheath.-The resultlng expreS*-
sions for:the’ line excitation ‘are shown :to :be consistent
with . pther .recent work ‘which used qua51 statlc arguments.
SR e account for proxlmlty effects._; BN Y

I Flnally, the net current 1nduced on the termlnated
-cable ‘sheath is: used to. determine ‘the response of ia ik

j-symmetrlc dlstrxbutlon of 1nternal conductors.n Numerlcal

'}.results are! presented_ : ORI SRS

-This work was performed for the TRI TAC, Offlce under Contract

DAABO? 77 -C~ 0022{1Task Assrgnment 254.=_




i ‘reports;‘have’ been’ pub]tshed on
;-the theoret1ca1 and* exper1menta1 character1zat10n of the shielding
! f‘a bra:ded cab]e usuai]y based on some var1ant

 ea5uremen arrangement isTuseful for factory acceptance test.ﬁurpos
isidesirable’ to ‘develop: “the: theory for:a 1ong cab]e w1th many: branches
This? presentat10n"1s to: descri

:RAMS deveToped:accordTng o tha, theqr

solution of & single branch eable




Upper Bounds on Cable Signals

: Wliliam A, : :
Department ‘of Electrlcal Englneerlng '
Vlrglnla_ Polytechnlc Insiitute and/State Unlversrcy
: v burg, VA ;

i System hardenlng and deslgn often 1nvolve extremely complleated-
'l“geometrles ‘and equipments. “Inorder ito 1nsure protection:in such :
“env1ronnents it is. desirable to develop upper “bounds -on ‘currents and-
voltages characterlstlc of worst casg . type. analy51s" Thls paper
resents_a'brlef summary of ‘the modellng results for'a w1re behlnd a.
small aperture :and me ds . Jof bounding the voltages and cu rent_ i
launched on the wzre.. : :
S The couplzng of : aperture flel 5! to a wlre is modeled by voltage
.Tand current sources ata p01nt ‘on & transm1551on llne.: The first=
To. bound ‘the: aperture flE1dS and ‘thus :the. transmlssion 11ne
sources. 'Jaggard and Pappas 1] have concentrateé on this problem
"'Though their: results are; useful they ‘are not absolute bounds for .-
small apertures. An alternate upper bound whlch s notias: tlght,'
is :to bound. the aperture thh an elllptlcal aperture Whlch C1rcum—
scrlbes the actual aperture;;
The remalnlng portlon of he problem may “he bound w1th several
he reflection : coeff1c1ents are. bounded_
: Neglectlng phase §
bound is, thus put on the received voltage ‘or.eurrent
' 1sient flelds, ‘the bound may “be

Results of thls single wire prohlem w111 be_p )
_Jto prellmlnary results for multl conductor systems.; The latter ds )
'.qharacterxstlc of i 5 and cable bundles.' :

;;D. L Jaggard; ad T ..?appas,:"On the appllcatlon o_
3zation to_the transmlssion ‘of electromaguetlc Waves. through small
: bltrery shape " AFWL lnteractlon Note 32&

Oct. 1977,




SOURCHE- REGIDN ENVIRQNMEN"REPRESENTATION
OR A SURFACE BURS

'the program'of derlv:mg an: analytlcal rapresentatlon fur the
electromagne Cim

eritract Noo F296012792C20036




A SIMPLL CONDUCTIVITY MODEL POR
LATE TIMEfSURFACE BURST EMP T

Santa Barbara .EA 93105

ln thls papcr wc w111 develop =3 51mple model for predlctzng the -

. EMP - related date-time air, conductlvzty produced by surface. nuclear: bursts 1.
“We will alsc use the model to study. the! varlatlens of e}ectron and ign
conductivi es-prcduced hy changlng various &ir che 1stry parame_ 1 '

: Our model s partlaliy based on. curve-fits of data produced by the-.
+8CX .and LEMP.computer ‘codes for a. nomlnal one megaton burst. Analyt1ca1
“fits.are’ derlved for the ajr; 10n1z't10n rate ‘and electric Field ‘magnitude
a8, functions ime and ‘range ‘for 10-5 to 1071 ‘seconds ‘and (500 ‘to 5000
~pmeters.: Aiso_glven is .a . fi the : 1n1t1al “ion, densxty at 1078 seconds-
‘as ‘a functlon of ‘range.' A Slmpllfled three spec1es air: chemlstry model -

“4s ‘then used -in ‘conjunction with ‘the ‘given. flts and “the ielectron moblllty
Cand attachment rates of. Longley -and : Longmlre 1o solve for ithe electron-
and ‘ion . conduct1v1t1es “as functions 'of ‘time ‘and range.. Qur, mode} fis

““then verified by comparlson 1o computed :predlctlons of the SCX and
”LLMP'codes : : : '

RTE The resuits cf a brlef study show1ng the 1mpact on the air conducthlty
;caused by varying several air. chemlstry parameters will :be, glven SOF -
sparticular: Jnterest is the wariation in the ‘crossover time . {the. tzme at
“which ‘the electron and Adon conductlvltles are equal) . caused by. changes S
“in water vapor.content, electric field magnitude, ‘and ‘electron aztachment
“rate..'The study TeVEdlS A, 51gn1f1cant impact.on air conducthlty
crossover ‘time.is caused by minox : vallatlons in water vapor content and ;
ielectron attachment rate. Large va ns .in the electrlc fleld magnltude
Hpruve to be of esser . impact.” : : :

:*Work suppcrted by thc Alr ?orce Weapons Laboratory

E'1Sm:L1:h X8, and W A Radasky, A Examlnatlon of ‘the Behavior of the f-j
“Late-Time ‘Electronic ‘and ‘Tonic Conductivities. Approprlate for: Surface-.j
. Burst EMP Calculatzons,_JAYCGR 200 80 191/2148 Janurary_lQSO L




SC LATE<TIME _IMpitch'- CODE. (SLIC

ate; tlmes due to the Courant condltlon
;:cﬁt < éx) Hence a totally 1mp110'

andﬂback”substltutlo
'f u51ng an expone t1a1




sc LATE TIME IMPLICIT CODE (SLIC): " 'CODE DESCRIPTION .-

_Declan Rleb--
S Ray Asbury oo
. SK D SGranzsow. 11"””

The leewood Corporatlcn .
1511009 Bradbury BPrive, 8. Eo s
'ﬂvAlbuquerque ‘New Mexico

'The use of.SLIC beglns by computlng the early tlme flelds i
"~ using ‘the 8C code.. ‘While ithe ‘retarded- -time ‘code ‘SCiis run-
~ming, fleld values “atia given, real tlme are. extracted ‘and
These “field wvalues are. e used in SLIC as 1n1t1a1 con
“The coordlnate system of: SLIC is“the ‘same "as that
of ‘the SC wcode i Provision s ‘made inithe. code for the’ ch01ce
of X0 1og or- 11near ‘time: grld Typlcal spat1a1 and. tlme ‘grids,

: bde results w111 be . dlscussed -

oistored:
:dlthDS




Thé Effect of Atmospher1c Heave < Gene
H1rei1ne System

Ffect,refers 0 he'generatTon of'e1ectr1c
f1e1ds in the ground: die to perturbatIGns of: the geomagnet1c
f1e1d produced by niclear. detonation

the: atmospher1c hie 'é@comp
Fieldic ange which; is prodice
LiEsreqiony An-analyticaly modé
'deve1oped wh1ch perm1ts scaT

. Y Pes

WAre Ty number af. s1mp11f1cat1ons can be braught intd play

_ h1ch make the rob]em manageable,’ wh1}e at. the same time
gl

): : ommun1c'§1on w1re1yne sy:tem
"'d1ffer1ng res%st1v1ty region

The. ng dssumptions: TocTude: (1) :
erticalivariation ofi fialds quantitiesy (2):inctisidn of onYy
-vert1ca1 component of héave valocity: and: (3) the use of 'a

10nosphere.- Undek :
X fiaTd: changes, andi
‘tha C0w11ng conduct1v1ty p]ays therdeminant roie in'diffusion:
Qof the magnetic fre]d from the: 1onosphere 1nt0 the earth 1ono
-sphere cav1ty.
;1n good agreemen

;programé are: neceséary:to more.: accurate]y eV' uate geomagnet1
-changes at. h1gher 1at1tudes

F ot both'coax1alnand batanced pa1r
Ihe fa11ure thresholds of these

-gecgraph1c drédmany wireline: 1inkss TEn be’ affected at ‘the: sdme
St ime promoting” w1d95pread routing’ prob]ems IRA comalRication
s:sw1tch1ng network,’ An examp?e of thxs commun1cat1on vu1ner- §
-'ab111ty“ i W




'j"CARTESIAN«COORDINATE THREE- DIMENSIONAL -ﬂ""
' ' SOLRCE— G _EME ‘CODE

S Bushell : T
US Army Electronlcs Research and;' Lk

: Develupment Command * 50
HARRY DIAMOND LABORAIGRIES
i, MD 2078

n the on~301ng HDL source reglon electromagnatlc pulse (EM?) program,'
the shert~c1rcu1t responses of antennas in -4 number. of . conflgurat1ons that 0
“lend themselves ‘to lnterpretatzcn with'a three—dlmen51onal carte51an—coor—;ﬁz-
ividinate flnite—dlfference ‘code were measured by Subjectlﬂg ‘them to a .spurce-.:
?ﬂ.reglon—llke “EMP -in the ‘HDL Mark I"Source—Reglon EMP Slmulator.J In the Maxk 0
241 Simulator. the . electEOmagnetlc fleld is produced by a long . parallel—plate !
'transmlsslon 11ine." " The tim wvarylng &ir conductlvlty 13 proéaced by the
AURORA Flash %=Ray ‘machine. i The threewdlmens1ona1 ‘cede, based on the Xee
;algorithm ’2 as . 1mplemented by Bollaad 3, :

“at, 45“ angles o the ground planer”
.;ﬁjtlnuous and 1umped 1nduct1ve 1oad1ng 1

Lol dn ‘the experlmental procedure the shortm51rcuit response was flrs
Limeasured w1thout ‘the presence.to. tlme—varylng conductivity and ‘then
'3measured'w1th the presence of ‘time-varying ‘conductivity (1on12ed air).

: ‘comparisons with. experlmental measurements

faa. Holland

IEEE_T:ans, Sci, He- 24, op., 2416 December 1977.




A COMPARISON 0_ LIGHTNENG AND: _UCLEAR EME:

Department ‘of Electrical Engmeering
The University of Florid




L ConTINuOUS . LIGHTNING LONG ARC: i
[ UUATTACHMENT TESTING FOR GRAPHITE [ :" -
:  CONPOSITE. SKINNED AIRCRAFT USING .~
ST A 150 KW TESLA COIL -

Robo;p K. Golka.:

Project Tesla
“Wendover ‘AFB
Jtahjs4083

-In conjunctlon w1th:A1r Force i
I Fiight ‘Dynamics Laboratory

Wraght”Papcerson-Alr Force.

Base

Recent aévances dn dlrect llghtnlng strlke testlng has been'
in lightaing attachment test) technlques and. generator i
idevelopment u51ng ‘8 very. large Tesla: Coil (51i:feet w1de}
“Breakthroughs in simulated: ilghtnlng ‘attachment o small.
scale replica, ‘aircraft models which can be. adapted to
full size: operatzonal aircralt -have ‘been made in the - s
i past year. ‘MNew high. voltage Jlong ;arg: gonerator developments];_:;_
~have . succeeded in. produc1ng wvoltages ‘in ‘excess «of 15 million .
Sowolts “Andiarc 1engths inexcess 0f:40 feet.” The use. of “long
vaTe attachment “testing (arc 1engtb5 20 - 40 feet) ‘as compared
Jn o 'short ‘arc: (6 =12, feet) testing: ylelds SOme 1nterest1ng
';-d1551mllar1t1es Whlle in:general :the ‘attachments with both
ﬂ;alrcraft {ive. w1ng tips,: vertical stablllzer radome, “etc,)
‘are predomlnant ‘the ‘percentage ‘of: strikes to the dlfferent
‘extremities’ 'the aireraft under ‘test differ: between dong
iand ‘short -arc. attachment testsi ' The. long (siow rise tlmes)
Hlare attachment ‘technique 1dent1f1es inboard strike’ locatlons_'
“not “identified by short {fast rise times) arc testing wia o0
“oMary Generator technlques 2 The . shortest path, from the - :
dlscharge arg electrede to. the model ‘extremity using: the
long ‘arc does ot govern. the attachment ‘peints to the test:
.fspec1men ‘as it does .when a short arc is used to. conduct =t
Cisimulated. llghtnzng testlng The system Just descrlbeé may .
“.‘also have ‘application as. an ultra hlgh mega volt source for
_part1c1e beam weaponry :




Spher1cai L1ghtn1ng Current D1str1but1on MudeI ]
MECA

.Sear1ng

p 1ghtn1ng strike: to MX Missile: IV stage: produces
‘a est1mated 10 KA “Peak current: TnternaTiy flowing onto: the MECA Box
‘shikld.:- For study pruposes: the MECA Box .1 fodeled as a spherical:
Shelly Us1ng ‘spherical 'stereographic: prOJectT'n onto a: p1ane, the
cbmp]ex static qtentTa] erId nf two oppostte

‘circhlar: boundary s m !

-jmag1nary comporiant: of: the: comp}ex potent1a

Tow frequency surfac mag ti

trary cE




1P, Castlllo' SRy : :
 -The leewood Carporation ir Force Weapons Laboratory'
Santa Monica, €A 90405 Kirtland AFB, MM o

-ﬁWe begin ‘with the deflnltlon of the EMP 1nteractlon problem
from the v1ewp01nt of 8 simple topological model e then

‘to: identlfy ‘the role 'of ‘EMP. interaction in’ syste k
hardness d951gn verlflcatien, and malntenance._ ‘Next,
_ervey A8 . glven of the present—day knowledge of “EMP

meﬁhods of'formulating : d_eolving th:'EMT intefactlon ;
roblem, reference data ‘on external nd 1aterna1 1nteract10n,
and thelr limitatlons and appllcabllitles Outstandlng :

?he:ﬁork_weeipefféfme& uﬁdef.Centfecéiﬂc.“?295@l§7§%¢w@l§§;'.







' "-DEVELOPMENT or_ PGRTABLE EMP -rNJECTrON TECHNIQUES

“EI Cerroll, = Libelo, D, Kouryi-.
_Naval Surface Weapons Center:"s”
3Dahlgren, VA 9UALB I UUSA

3 _'M Welﬂert : : : i
f_NBC Sefense Research and Development Instltute

o This program ds ‘directed ‘toward development of: low—cost, portable,
~threat 1eve -EMP 51mula ers Tox. the purpese Jof complementlng the

.capablllties of . 1arger fixed site simulatlon systems’ for the Hardness
sAssurance, ‘Maintenance ‘and Surverllance (HAMS) of hardened systems.” The
51nitlel experlmental portion :of thle.program was performed by ‘the Haval
:Surface Weapons Center {NSWC), 'White Dak Laboratory ‘and sponsored by the
.Supportlng analyses have been performed by
AWRE is

= Thie ‘paper resents the results of prelxmlnary SCET (Skin Current o
iIngection Technlques) ‘tests performed by NSWC ‘on ABE ‘and, ATE aircraft ‘+0

‘emphasize 't e_motivatlon behind th present program.” For this program ‘an
‘operational 3 : 1
BErVe 88 ‘the ! test bed" for the _dies. Using_a_high voltage transient
3pu1ser ‘called: the Delte System, uilt by Pulsar Incorporared San'Dlego CA
GA two—polut (elrcraft nase and tall) pulsed current 1njection ‘mode was R
_arrlved at LE , +The externsl Burface current excltatron
sdlstrrbuticn and surface charge density dlstribution were, measured for ‘this .
SCIT stlmulation.: UtlilZlﬁg EMPSAC, the NSWC: flxed ‘silte, horlzontai dipole,
jEM? simulator ‘at ‘the . Naval Alr: Test Cente (NATC) at Patuxent Rlver,_MD “he
CAGE 'was | 1rrad1ated on the : ground with'its. fuselage parallel ‘o the incident
;fieid and ‘the external surface current densmtles_and surfaee eherge densities

: Compar son of the externa_ urface current and external charge densrty : :
;responses measured ‘over the ABE has been carried out for the IWo stlmulation-:.'”’
‘modes S(SCIT . and EMPSAC) :: The resulte obtalned via - the £Wo sxperimental '
ﬂapproachee ‘and their comparlson with predlcted res onses, prov1ded by MRC
Lu51ng the THREDE coée will be rev1eweé_ B :

R The study s, esently being extended to 1nvest1gate Lnternal cou 11ng
'phenomena.. . : . R

e?Nou.witﬁ Lufech.COrp.j :buquerque;tNM';S?iosrigsgf_r::f:'




TECHNIQUES FO MU TING THE. EMP RESPGNS_
E: HE VLF/LF DUAL NERE ANTENNA ON THE :

: _ 1B 75 known, to have
.Sjgn1f1cant ‘effect on the EMP: excrtat1on o thé: a1rcraft =5The extreme: }ength

of tha’ antenna’ makes: It impractical: torsimuTate ‘the: wite effects’ by=d1rect
SilTumindtion of the! wires: themselves: i An: approach based_ah curreh nJections
atithe po1ntsfwhere the wires: extt/e_ter the a1rcraft appears to be the_mo s
feasible met Tod: lThree d1fferent as'ects ofi't

discussed.

The thivd: aspect :

‘Argimpie’ (but: approx1mat1ve) way ot accomp]1sh1ng

he: simulation: vs-divided. into: twg: cases, name1y
.lthe tota1 net_current (common mode current EET)

_ Yoo The first: caser1muIates ‘the induced charge dens1ty
an the dircraft ands consequent]y, ‘theelectrict f1e1d penetrat1o

‘case simulates the’ 1nduced charge= 1ess current . On _ .

'quent]y, the magnetic-fiel iThe! s1mu]at10n techn1que

case arevdesigned so: )-the s1mu1ated w:re currents have: t
overaii" spectraT den51t ;




s SIMULATION DF THE EMP RESPONSE GF THE ?ACAMU w2
AIRCRAFT WITH THE TRAILING WIRE AN?ENNA DEPLGYED _:-

“J. L. Monroe :

~ ROCKWELL - INTERNATIONAL
3370 Miraloma Avenue ..

A method for 51mu1at1ng the . response of the TACAMO
aircraft-with the ‘trailing wire antennas. ‘deployed has been -
:deve]oped and s be1ng used “in sysiem testing of ‘the TACAMO
“EC<130G, 7“The method is based .on analysis of ithe. tra111ng
“wire antenna response o EMP excitation as seen at the ;_;-ﬁ
aarcraft._ A‘capacitive discharge pulser. system is used ‘to.
‘excite the aircraft/antenna system with transients similar:

St those predicted by analysis. : The, de51gn concepts for theﬁff

“pulsenare shown, -the test. cenf1gurat10n is rev1ewed _and the . &
';system exc1tat1en as d1scussed . s




Martlnez
i iCasey
Corporatlon

qunctlmns weres. also
'currents for the t

'ance'and derlng current'r 'ﬁiféménts




IN"{ERA{:TION oF TEST OBJECT A
._--_-_'WITH SMALL LOCALIZED SIMULATOR -

" LuTech, Tncorporated
525391 ‘Central N, £'!

: ATbuquerque, New Mex1co' 87]08

- Gne of the more 1mportant swmu]ator des1gn quest1ons 1s what Oﬂe-
;refers 40 [as ‘the 51mu1ator/object 1nteractzon “The ‘object. 1ns1de a:
_simulator. scatters fields which in:turn are rescattered From the simu-
silator backto. the test obJect thereby changlng ‘the u1t1mate respense
ofthe ‘test! obgect “This, process can .be_viewed s a change in the .
“hokernel! (Green < function) ‘of-an appropriate. dntegral ‘Bquation’ for cur—_
: wrents or) charges on.the: test"bJect or.ass n_1nf1nite mu]tzp]e R
”-';,scatter1ng sequence.. : ol

s -One wou1d }1ke to iq nt1fy the: fects of th1s process 's6 ‘that the
“resuiting errors’ican be. ‘kept. down ‘to ‘an acceptable 1imit by making the.:
Csimulator structure; suff1c1ent1y d1stant1y spaced -from :the :test .object
For:the present: d1scuss1on, changes sin surface currentiand ‘charge ‘den-
-51t1es ‘on the . test ‘obJect-will be cons1dered as .the: 1mportant measure
of this errorii:Howevery depend1ng ‘on.the spec1f1c shape :and . functace
wof: the test ‘ohiect, ‘there ‘are -other.: ‘parameters one: might consider.as.
el liiExamples iare inductance or capacitance ‘changes ‘in the itest ob-
"“ject. and mutual inductances. and ‘capacitances.to.the. simylator where
appropriate for:certain ‘types ofiantennas; i for: “such ‘antennas ‘one m1ght'
“talsciconsider changes “in open Zeircuit voltage -and/or sshort- circuit
: f;current atitheir: term1na¥s “For apertures,-on‘the. ‘othev. hand; -one
“might ‘consider changes “n the equ1vaient d1po§e moments due -t th
: mech n1 .

TR : f changes assec1ated w1th this effort are. a1so obuf
'r*fservab1e ‘at ithe driving terminals . of: ‘the simylator. ‘Specifically, the .=
inductance -of-an H-field type and the. capacitance .of ;an.E-field type, of.
__;rs1mu]ator wills ‘be ‘changed by ‘the presence of :the obJect, and 50 param
vieters such as these shouId be cons1dered E :

ff £xamp1es w111 bezg1ven to quant1fy the s1mu1ator/ob3ect1ve 1nter
action dn solving . various. canon1ca1 problems wh1ch have been pub11she
:1n the 11teratﬂre BRI







IMULATION OF LONG LINEAR ANTENNAS WITH: SHORT LOADED ANTENNAS_ o
"IN A MEDIUM WITH TIME-VARYING AIR CONDUCTIVITY

: present ccnflguratlon has a test v _lume, with a maxlmum dlmension of .
soInthe
' 10adad

T 'thxs effort, 1]

“andfox. capacitlvely aded ‘antennas 3
'_:alr conductzvity of the:'Mark I EMP__

esults compared to the mEasured responses of
measured responses of the 1oaded antennas have




.'HD{. SOURCE—REG_ION STMULATIGN PROGRAM
3M Bushell SR Manrlquez,




LTHE USE OF :GASES OTHER THAN AIR AS MEDIA IN A SOURCE-~REGION .

'SIMULATION SCHEME, C._Kenyon, G. Merkel, ¥. Scharf ‘and D, Spohn
US Army Flectronics Research, and Development Command HARRY o
_DIAMON'D LAB{)RATORIES Adelphi MD 20783' SN

R .The most strazghtforward 51mu1ator for.a source reglon BMP would be _'
_;-one ‘that pfoduced the . approprlate gamma pulse over ‘the approprlate VGlume
Soand from which the proper “fields and conductivlty Would naturally follow.”ﬂ
~;However, even the best radlatlon scurce avallable (AURORA) 15 1nsuff1u'
;c_”nt for .this. purpose for: three reasons= ts pulse rise 15 ‘too slow by
~irabout fa factor ‘of ten, the lrradlated.volume (ZOm % 15m % Sm) s .too
Vf,small and the metal walls of the it cell reéuce the flEldS by short

fields . :
'1aLcr._nIn any 51mulat10n scheme
'a-prec1se mix of Comptou electrons,_
electromagnetlc fields’ equlvalent to the: mlxture produced by ‘a. real
weapon. . Actually,_lnslghL dnto. ‘the - total response of' i
-sourcemreglon EMP ‘can. be obtalned 1f the paxtlcular coupllng mechanlsm

h.as My, can . i
ZIn alr, con—;;

i .of & gas medlum wlth'tlme varylng'a :
: 1f. a_nonattachlng gas such as Ng, Ke, Kr cr A

in & source—reg on EMP 51mulator does present “a problem in that such
gases “have ‘a’ tendency to form le trcn deplctlon regions: around nega—:
'tlvely charged canductors. We have developed a metbod of . mlnim121ng
he et laye rmation . w1th ‘a grld structure and have measured o
: he effectlveness ‘of:this, technlque. Noble gaseb that have a. small
'.iaddltlcn of“a_compllcated molecular: gas such 8500z’ to c001 down elec—
;ztrons “have 'a ‘behavior: dominated by the Ramsauer’e 3 _uch gages have
many. 1ntr1gulng physlcal characteristlcs that
_ool in ‘seurce~region . EMP: 1nteract10n studles._
1nvest1gat1ng the . p0551b111ty of tallcrlng the
ourcevregipn EMP
'mechanlsms

gas ! envzronment of a
System'lnteractlon

] In tbe:HDL Mark I source—reglon 31mu1ator the rlse:tlme of the dls—
placement current 1s 11m1ted by the. rlSE tlme of the parallel plate BN
: _transmzssion llne.; The rise time of ‘the Compton current in ;the ‘BDL Mark
01 sonr ce-region 51mulator is ‘determined by ‘the'rise. ‘time ‘of AURORA, The'
fﬁjp0551b11ity will be dlscussed of : emplaylng the ‘above "Ramsauer . effect“
“xrgas mixtures with nonlznear conductiv1t1es ina source-reglon EMP sim~

rulator Lo enhance the rise . tlme of the couductlon current 1nteract10n

'1L G. Chrlstophorod et al e
Detectors,” Nuc nst. and Meth 163 (1979), 141 149'




;ANALYTIC DETERMINATION, OF: THE TRANSIENT RESPONSE CF. LOABED:
< THIN= NIREVANTENNA “BASED: HPON A’SEW_REPRESE@TATIGN

Ahmed‘Hoerfar'and DaV1d G Chan
2 ETectvomagnetics: Laboratory
Department of: ETéctirical: Enginee
Unavers1ty of Co]orado
C

12 known 2 inc the EMP Comm
is parttcu]ar]y usEFiil

: tennal structure :
_un]oaded W Swire dipoTi
caly express1nn in the frequeacy domatn Tfor: the!

ucedion’a’ thinlwire d1p01e ‘antennaof radius

};_ ‘has: been: prev1ou51y'0bta1néd W Shen (T

: 1968) 1“: ; Ll Tt b

Jtive centeriloaded ahtenina cempare Ve
works gl LTU and Me1 (Rad1o_8e3ence Vo

'b111ty-'f'f1nd1ng two d1fferent sets ot} SEM poies, each corre-

“spondingto: vesonantces: predom1nant1y ‘on; one; of the: two segments-

Jof the ‘antennd separated by 'the: Toad; is d1scussed The method
an; a!so bé extended to a’ mu1t1]oaded £hi




B INTERACTIDN OF TNO ARBITRARILY ORIENTATED THIN CYLINDERS __j'; L
D. M Schmale S

-H_? H Shumpert R . 1:
2 Lloyd S, R1g95'c;;:“ : : -U S, Avmy Missile Comnand
~iicElectrical Engineering Dept : " -.Missiie Intelligence Agency. -
“~Q-Auburn Un1versaty, Alabama - 36849 Redstone Arsena1 A1abama 35809 o

G The s1ngu1ar1ty expans1on method descr1pt1on characterxzang the
;'scattering of ‘an electromagnetic. pu]se by completely arbitrarily
~roriented cylinders will.-be presented.The problem wiilibe cast: 1n
c-terms of a Pocklington, type. 1ntegrod1fferent1a] ‘equation, and ‘the :
“Method 'of Moments ‘employed.to Facilitate numerical -investigation.™
S Trajectories of ‘the system. comp?ex naturai resonances will ‘be. presented L
Dlfor.oa.variety of-scatterer orientations. oIt will be ‘shown for this two-'7 0t
‘body problem that ‘the Ffundamental resonances occur.in - patrs. and each -
“pole.of ‘the resonant :pair.can be associated with_ either the symmetric
or antisymmetric factorization. of the, problem T11.5In.addition, for:
some.configurations the resonant pole pair degenerates into.a single.
s pole. of muitiplicity ‘two.:The, “complete generality of ‘the ‘system i
Coouogeometry ‘allows ready comparison 1o EMP-cylinder: Fnteraction problems i
“w:otreated by ‘previous.investigators [2], £3§ {41, and therefore affords -
' deeper understandlng of:the scattering propertles of cy11nders :

:fff{1] Carl E. Baam, “Interact1on of E1ectromagnet1c erlds wath an’ Sl
R ObJect which ‘has ‘an £lectromagnetic Symmetry Plane,” Air Force.f:_.“ls'
:'.;3weapons Laboratory, A}buquerque, M, Interact1on Note 63, March, 7
.x'1971 i R fi ”__'f

.':F M Tesche, “On the Ana1y51s of.Scatter1ng and Antenna Problems..
_3jﬂUs1ng the S1ngu]ar1ty Expansion Technigue, " IEEE Trans Antennas :
=P rogagat Vol. A? 21, pp. 53~ 625 January, 1973 : _ _

=K R Umashankar _T;:H Shumpert and D. R, w11ton, "Scatter1ng'
“oby a Thin Wire Parallel to.a ‘Ground Plane ‘Using the S1ngu1ar1ty
- “Expansion Method " TEEE Trans Antennas Propagat Vo] AP 23

-:fpp._178 184 March 1975 R i ST

4 :“Lennart Mar1n, "Natura] Modes of Two Co1l1near Cy11nders,
ol-Dikewood Corporat1on, Los Ange1es, CA Sensor and Slmuiat1on
",Note 176 May, 1973 : RS B




. SEM ANALYSIS OF AN INFINITE PERIODIC ARRAY

o THARRTS CORP:
: MELBOURNE_ FLORIDA

AUBURN”UN[VERSITY
AUBURN; ALABAMA

i The S1ngu1ar;ty Expans1on Method (SEM) is. emp]oyed tc
determ1ne the natiral: frequend &5 of an’infinité perfodic::
Sdrray. Thenaturat: frequencies “thesurface are of: interest -
since the periadic arrdys dréu ad” 45 Frequency’ Selectiva’
Surfaces which are gffectively: F11ters.~?The currents: and;
Stharges: inducedi oh the:'scatterersydre treated U5 THg F1oquet
= theory: wh1ch 15 ncorporated in & 'vector Ex -fiald:iintagrali:;
“equation.: problem’ contains branch cuts; which affect
“the'pote facat10ns ahditrajectoriés. | Data 15 presented:to
‘show. the interdction of the branch: clits and” potes.:. The SEM:
i parameters ‘are: presenteé ins the forn of- appropriate graphs S
o and:tab1e8 5 In addition these data re compared w1th prev1ous1y“
Siobtained d _for mu1t1p1e bodTes : e

_;




SEM PARAMETER MEASUREMENT

8. 8.  Cho
ciaQL AL Lin
H J T. Cordaro

Unlver31ty of .New . Mex1co o
Albuquerque, New Mex;co

The slngularlty expan51on method (SEM)

fparameters {natural ‘freguencies, natural mcdes,_[,*i”

‘and ‘coupling ‘coefficients): together with ‘the -
incident  field Laplace, transform. descrlbe the

'-”natural response .of -a bedy to.an. EME, . -There

'jls some . interest in computlng these . parameters

“from - experlmental data.; Results from testlng 'fﬂ:

vivthe method on tran51ent data generated. by a -

“thin-wire code are ‘given for an .aircraft stlck:"

“model.: These -results are. compared with the
_"parameters computed from. scale model “data and :
L 'B~52 ‘system level . test data. [Tt .is shown that';
_' extra megsurements . can be used 0 1mprove Ll
'-jparameter accuracy.~ B R B




ON' THE SOURCE OF PARAMETER BIAS TN PRONY'S METHOD

ears.the 51ngu1ar1ty expan51on
,methoa (SEM) has provxded a convenlent way of; characterlz—
' .. Prony.'s method!
_is Bl convenlent numerlcal technlque fog: solutlon g the
_'1nverse problem of characterlZlng the SEM: descrlptlon
Dudley? ‘demon=
itEcHnique oL egtl
'matlng the parameters of a llnear system model an& further

‘the! parameter Yalus
. model toimostinearly :
system belng 1dent1f1ed are_used ina sllghtly dlfferent
:model, ‘called:thedctualior true modela- whlch has ‘a: well
:deflned trafisfer function:
"an estlmate oE the ystem transfer functlon S
the parameter i85 Dudley demonstratéd is nothlng
‘motre” than “thér'error 1ncurred by transplantlng parameter
values: of cne model: iNEo; another.: Thig switch 6 F models:
Yiginotian aceident: or Jerror but’ hasydefinite; advantages
fthat cempensate For:tha bllght of biased: parameter egti
matesy Thede advantages darerdigcussadi

-{R .Ml E¥an IEEE Traneactlons or
.- 777 (1975)

G 'Dudley, "Parametrl_:"’"”' _
_'ctr”magnetlc Systems | }1979

E-'identlflcatlon fiLlnear Systems (sHort paper),
IEEE: Trans. BUED Control AC 10 (1965)'




" EMP DATA CORRELATION _'E_T_ECH};}:_QU_E&.

. G Bedrosma_ and R.: Chrlstie.l5“" .
- 'The Dikewood Corporatlon

TData correlatlon technlques flnd appllcatluns in the ana1y51s
~of data from EMP simulation experlments"'These uses ‘include -
_"1nvestigat10n of: coupllng ‘modes dn multl—conductor cabies,.;ﬁﬂ__
“POE tracing, moise: filtering, and ‘numerical -expansion of 117 5
EMP -datalin terms ‘of poles.in ¢ mpLex. frequency space (the N
slngularlty expan51on method) RO

fCorrelatlon technlques'have heen appiled to the analy515,
‘of individual wire currents measuxed in a. multl—conductor o
lcable._ Differentlal current mcdes“ observed at two ;

.?Resonance structures wh are partlcular to one POE can A
be. used with ‘SOme | SUCCess . to 1dent1fy the domlnant POE(s)
“for currents measured deep within’a system. i order ‘to
-;accompllsh thls, e ds. helpful to tonstruct dlgltal filters.
:whi ch select only the partlcular:frequency bands of 1nterest. i

“Noxse fllterlng is readlly accomplished u51ng autocorrelatlon
echnlques.” In many cases, the ‘autocorrelation, of a measuxed_;
signal reveals’ underlylng structure not. apparent in the ERRRE
'orlglnal éata._ Because of the improved 51gnal—to—noxse..~:g3
xatio .of the autocorrelation functlen, 1t ds preferable to :
1dent1fy the poles in. the singularlty expan510n ‘of the  ;“'~"”

R T T e A L R T
»*‘The work was performed under -Contract Ke.:

F29601-78-C-0082 .







':;;capable of ‘providing unbiased estlmates of the parameters "

ﬂe;unblased solution jor may. not .converge .at all.: ‘The: 1tera~,f'
woiotive method presented in this paper offers . a pOSSlble
i means of : insuring and hastening convexgence. “The methoé

ing ‘of ‘convergence is accompllshed by -the use ‘of :adjus-~

be used to find estimates of poles that characterize a..

'.f_method is . the bias in the parameters. :This implies ‘that.
Lany technlque that prov1des anbiased estimates shouid be'
“Irelatively ‘insensitive ‘to noise. Numerlcal examples are. . -

fAN UVBIASED METHOD FOR THE ESTIMATION oF THE

3;1SEM PARAMETERS OF AN ELECTROMAGNETIC SYSTEM e,eﬁﬂ"”

'LEffects Technology: Inc.f"”
: 5383 .Hollister Avenue .
Santa Barbara,_Callfornla 93111

To the author s knowledge all 1dent1f1catlon methods

of ja-linear ‘system are. iterative. “Some of ‘these methods : T,
~require a large number. ‘of 1terat10ns +0 converge to the -

ig & modlflcatlon of “the ‘adaptive methodly ThlS hastenr

fftable filters.in '‘the parametrlc model of the system_-_;,ﬂ
”ﬁundexgolng 1dent1flcatlon : [ ] R

1m11ar to Prony 8 methodz' fhe presené method.ﬁey”:':

~rglven, tran31ent response._ ‘However, .in contrast to Prony 5 RN
“method, it is.an iterative technique that does, not suffer ~:ih 0

Cfrom the problem of biased parameters.” Dudley3 1ndlcated o
“that ‘the 'source of the noise sensitivity ofProny's

{presented to demonstrate thls method s 1nsen51t1v1ty
to n01se. ; : : 3 :

ﬂeJ' R. Auton'eﬁd.L' W;”Peefson "An Adaptlve Fllterlng
o Algorithm for the. Identification. of ‘8EM Poles, " il ol
G UBNC/URST. Fall 1979 Meetlng, Boulder CO, November, AR
"ﬂ_1979._.-v_ UL

2, -M L Van Blarlcum, R' Mittre, IEEE Transactlons on
B 'Ant & Prop. AP 23 777 (1975) : s -

:}D G Dudley -uparametrlc Model;ng of Translent :..: R
faElectromagnetlc Systems," Radlo SClEDCG, May June, 1979_,”--~




PARAMETER'ESTIMATION FROM NOISY TRANSIENT
o ELECTRGMAGNETIC MEASUREMENTS

) ) phenomenon has promoted the: deve1opment af: technzques
to: 1nvest1gate transient e]ectromagnet1c response data.; Chardcterizazil;
tion of "the: EMP transient résponse: informatforn Vs necessary ta evatiate
the performance of that system:in a hostile environmenti: An.efficiént

J : _ e this performaﬂce Js:to it an e1ectr0magnet1
mode] o the data :

I this pape We: describe the: performance; of three d1fferent_:‘
Sprocessing: techn1ques ‘appiied: ta: parameterize s body. fromimeisy:
“expérimentaly eTectromagnetlc”transwent response ‘datay Werbriefly:
“2'describe: the: techniques which: vange. from:tha well- Knéwr Prony method: to}
v Lhe wore: soph1st1cated extended Kalman filter and: f1na11y to-the  highTy.
“sophisticated maximim:]Tkalifood: 1dent1f1er._ We' compare. thi performance
of the'se algorithms: and, discuss theiv tradeoffs

_WOrk performed under: the: auspices of the U,'s: Bepartment of Energy byn
i'the Lawrence L1vermore Laboratory under Contract No. w 7405 ENG 48 :




s EFFECTS {}F AN AMBIENT GAS ON SGEMP*

w E Hebbs ané D. E M, 0 Dean :._1'_
+JAYCOR - %
: 360 5. Hope Ave
Santa Barbara CA 93105

In th1s paper We. w111 present A’ new mede] for est1mat1ng the h1gh SRR |
_'gfrequency SGEMP -when_ the ;photo- 1nduced houndary layer-has translaticnal "
cosymmetry. ‘Although 4t is constra1ned by geOmetry, the model makes .no 0
<iirassumpbions about ‘the currents.. 1t therefore gives -some insight. 1nt0
orthe phys1cai processes dnvolved ‘and we will show its :application by

examining ‘the effects of -an. amb1ent gas.-on. the EM . fields produced. by
oo photoemission. This analysis has application 4o missile- rad1at1on :
'jcoup11ng probiems 1n the X -ray . deposat1on regxon (50 100 km)

RERNS T beg1ﬂ w1th the wave " equat1en for the magnet1c ‘Field. Th1s
L fequat1on is ‘greatly. simplified by the 4ntroduction (of . the. retarded
cratime appropr1ate 1o the fincident X~ ~ray pu1se as in the wacuum SGEMP.:;

wovapalysis,l o The result is Ja one-dimensional ‘wave equatlon which can
sibe reduced to quadrature using a Green's Ffunction.: If:the. arrad1ated
osyrface ‘can -be assumed o be a good conductor ‘Wa may use ‘image’ ST R

“rents. “In this case, ‘two ‘'of ‘the 1ntegra1s are trivial: and ‘the solu--
:tion has an agreeab]e ‘physical 1nterpretat1on The so]ut1on s s1mp3y sk

e contour-integral :along the, ‘points inspace and me wh1ch contrlhu :

<t s:gnals at the point and. t1me of: 1nterest e

R The surface 51gna1 1s cenvenxent]y g1ven by 2. s1ngle convo]u_1on
integral: dn either.space or-time. 1f.we take this 'surface solution:
Srand.assume.: ‘that ‘the SGEMP.width, 45 much wider, than the . bounéary ]ayer-
‘and:that ‘the currents ‘parallel io ‘the surface may. ‘be 1gn0red then the :
gﬂntegra] reduces to the famw]%ar electr1c d1po1e moment '

: “The quest1on ar1ses ‘as to what is the. effect of: 1ntroduc1ng an
__;amb1ent .gas 1o the situation.t The photoelectrons will:donize the gas
““'creating their Own plasma. -The ‘plasma.electrons, themselves willibe..
arstrongly acce]erated by the surface.normal electric. Field so. that ava-.:
-fﬁanchwng will. occurito produce additional low energy. secondary glec-i
“trons. i When ‘the ‘gas ‘density’is-greater.than some critical density,: DRI
“the bu11d =up of secondary -electrons will: sexceed ‘their convection: 1nto R
the ‘surface.:;When this occurs ‘space- ~charge ‘limiting will. Aot poour:a
ccand the photoe?ectrons willicontinie propagating outward. 'The detached
“iboundary JTayer.:leaves .a dense -plasma in dts wake, and this: 1nsu]ate$”the:-
- surface from continued strong EM radiation.:In. addition to ‘the normal i
Loenergy Toss as the boundary works ‘against 1ts own electric field, it ds Bl
.f'contanuous]y 1os1ng energy te 1on12at1on The photo boundary thus d1s- i
' _s1pates ' : ST T

de work supported by the Defense Nuclear Agency

I}Carron N 3.vand C. L Longm1re EEEEE Trans Nuc1 Sc1 ,.NS 23 Decem—'f3' f
;: ber 1976 pp 1897 3902 : i L S SRR




..theoret1ca11y, Agay: 2709 ights eTbow edge: Such;oeometr?es ars
jj'1mp0rtant 1n character1z1ng SGEMP- salrcéds across gaps and; otheér:
CUUSTPUCEOTes Suchistid ey Wil atsad y1e1d ana]yt1ca] too1s Useful
seproviding mode1s of< SGEMP. edge-effects: in sop11st1cated Aumerical

ichdesy i The basic methodo]ogy Used: was, to agsunaTal ones difiensicral.

sichargerdistribution: above the top; supface of the edne torsimuTate
- the SGENMP. 1ayer, ana1yt1ca1fy detérmine’ the: resu1t1ng eEectrostat1c

Jpotentidl inrall spaceyia a conformal: mapping: and the ' method of::
Fimagesyy and  then numetrical Ty detevmine the: resu1t1ng dynarics of. SGENF
ol gehérated e VEctrons em1tted w1th @ Cos: distrwbut1on 1n the spec1f1ed
Ie]ectrostat1c f1ers‘- i S : : :

i ; It was found that: the: e?ectrons wh1ch succeed in: go1ng gver thel‘.n
jedge tend 4. 0r1g1nate within a Tew: SGEMP Tayer: ‘thicknesses of: the i
Civedge forthe assumed: charge: distributions we:investigated.  ETéctrons.
Wwhich 'do:gor dver the: edge;r though “tended fortravel: d15tances much
¢1arger than the SGEMP th1ckness The behav1or of these 1atter :

Sodynamics: of a part1c?e moving in:a purer noA= centra1 potent1a1- L
.a potential which dépénds only apon the; ang1e gy wh1ch the N
I,”_e]ectrOn traverses arotnd: the_edge..- it S

SO R



. ELECTROMAGNETIC EMISSION FROM
T UELECTRON BEAMS oo ini it

UM S, Cabayan

R _LéwfenbéfLﬁvermote_Laborg;c;y,[LiyermoFe, CA QQSSDJHL:-_Qifff5~'

:,RefafﬁQiéfic'e?ecffénﬂﬁeams:rédiaté'ehefgj covering ihé:e]éctrbmégnétjc Q :. 'f[

" spectrum from radic wave frequencies up and including gamma rays. For a -
-~ given current ‘amplitude, the proportion of -the :energy in ‘each type of

. radiation depends pq:the;ene:gy_gfdjhg_e]eétrons,*;_;1

'inLthis-haper;-fédiation frdﬁ.é1eétroh beams. in the-fadiofWéfé”énd_gaﬁna 1:5;' .;

“ray portions. of the ‘spectrum will'be examined. :Simple approximate -0
i formulae for quantities of interest will be derived and applied for. -
“‘hypothetical beam parameter ‘values.  The intent is not to derive il

~yrigorous relations but rather approximate levels that wil!;he]pﬁpoint.fg;]_;::'
out probiems that may arise in instrumentation implementation.and other ..

~electromagnetic compatibility {EMC) issues. . .

"Néfk.ﬁeffhrmed_undér.fhe éuspicéé of:fhe U.5. Deﬁartﬁent-éf-Energy by,f.'

“the Lawrence Livermore Laboratory_under;Contract_No.'w—7405eENG<48 and *‘*_}_.-;
sponsored by the Defense HNuclear Agency under Subtask Code X99-QAXVD-403 oo
.;”System_Testing",“Mork_Unit_que”02lﬁle;troq55§am EMR;ﬁpplicatjqnsizn__;:.




: DETERMINATION OF THE: EMP: ANS SGEMP RESPONSE 0?
“-'CYLINDRICAL SCATTERERS BY NETNGRK ANALOGS:

WoR. Ztmmerman ‘and E. B, 'Mann
The BDM Corporat1on o

_ATbuquerque"N Mo

: The ‘calcutation of 'the:external:response of:a’

terer: to EMP and: System Génerated EMP. (SGEMP),generated by direct
.131um1nat1on of: the! system by AucTears ~weapon' induced onizing radia=::
“tiony has often baena necessary: step: i the: determination’sf EM?’:
SGEMP: Triduced: transients at: alectronic: 1nterfaces-, At presentiiexzi
terhal: response calculations are often: carried out’ by: either 501v1n_
z-numer1ca11y the integral: farms: of Maxwe!] §7 equat1ons or by, d1rec :
snumericalk:integra f: ‘différes 0 : 3

paper: an e1ectr1ca1-$1rcu1tr
equat1ons w1ZE e’ d1scussed( 123 3F oy problems’ possess1ng azmutha]
Lreymmetryii RS network: anaTog, u1tah1e for: 1mp1ementat1on o any
2 lavge: genera11zed ‘circuity analysis computer program wiil then: be used.
to-determine tha'éxternal response of: cy]ﬁndr1ca1 scatterers {1
res1st1ve1y 1oaded d1p' ‘soi

1958, pg 381

FoHe 'Bran1n' Jr'; Vympos1um on. Genera1rzed Networks, Aprz! 12:
8 1966 pg. 453 ; ; R :




QUALIFICA?IOI\ MODLL SPAC]:CRAFl TEST CO\SIDLRATIGNS"‘ -3

"2 E Paul Chlvmgton and Rlchard H Klngsland
s TRW Defense and. Space Systems Gmup
'Redondo Beach, Cahfomla 90278
{213) 535 3006 !

"Char] es A, Aeby ;v :
“IUAdT Force. Weapons . iabcratory :
*_ K1rtland AFB, ‘New Mexzco 87115_

: (505) 264 9056

D Cord Mounkos R
Computer . Sclences Corporatlon
Albuquerque New Mexico 8710

5 (505} 265 95?1

'-.SU\MARY R 3 G . . : ;
We desc_r:tbe the, dcve]opment ami executlon of an SGﬂ‘iP test prcgram S
: -on a quahflcation model spac:ecrd{t “This mtroductory paper ‘was wrlt-__'-
*iten hecause of the - major €ifort that surned out ‘to be ‘required to ZIJT[[)-
o lement such -2 program and descrlbes many -of  the practlcal solutlons
$ _employed. The Ob}GCT.lVEb of; the procram:wcre ?:0 BN

'-_Test ‘certain fcatures of hardened spaceerft as actually
.enlployed on. the quallflmtwn SPdCGCTdft ' : T

valuate ZiJmlted testmg for, the purpo'_-,é of SGEMP valldatlon .

L . Gam oxperlenc 'usmw re&l Spacecraft hardwarc
; ijSl REQUIRIM:MS :

: Short bfa full smulatlon of the threat enmronment 11mLtcd :
'-'_'te%tlng may -satisfy a subset. -of ‘the hardness validation needb 1o an”
" extent, these limited test methods can be ‘correlated with ‘the hardening *

sdesign features of .1he; spdcecraft. As an e)\ample, “one . way Qf de_:51gnmg
a hardened spa{.ecraft would be: AT : w

:Develop an analytlcal model of the spawgraft to predict 1.he
oupled ener{,y and dctemme hardemng reqmred .

_Ha\re a well comected spacem aft struuture bO that currents
will not ccncentrate on {:ables : . R N

:-Slueld all electr:ical cableb and boxes sufflczently to reduce :
cavity field.and replacement current ‘induced cable shleld cur-

N _'rent 5. _below the direct. 1nJ ectmn of . 51gn‘11 wzrcs._.. o

: _Use mterface pmtectlon on plns whare the dzrect 1nJect10n B
e energy may cause. {:1rcu1t tdllurc : ST T

Use an upset wlerant electromL dcc,lgn so that 'tI‘d.IlSleIltb do
not ad\mrsely affect: 5pdcecraft m15510n i :

l“e:.t the hardenmg fedtures emp]oyed
Valldate !:he model dcvc]oped 1n 1 '. : : S
' he hardelung dus;wn featmes,._

"'J.&.cm.s the 1csson5 leameﬁ in nreparmg
:Be}m is _an examplc of ‘thl. ‘l:ypes of

i The compieted paper'-w.;
B 'for and testing a spageuaft
: problcms enwuntc.red :




. 'Hardware Conf1gurat10n 1

“The quallflcatlon del;spacecra ﬁls & representatlon of the-
"spacecraft de51gn,ear1y in: the development program:dnd may ‘not be::
P Some of the dlfferenceS'o

”fof testing: For full body tests of the. spacecraft a_51mu
flatlon of the solar panels wWas to be constructed :

Thermal Blankets --A set bf test thermal blankets’ had existed. o
but Were. largely: in inusablé: condition.  Bécause the blankets?
]are dlelectrlc w1th alumlnum £ilm backlng, ‘they: may exhibit:

' : magreti *shleldlng proper—

The spacecraft did not normally communlcate through
Tink during testing.; However, a’Hardwirée 1ink Woul
t agneti 'conflwuratlon ‘of the spac

e hlgh,rellablllty parts 41 go back_and“lncorporate a11 sub—-
uent: de51gn changeS“




SCREENING CATEGORIZATION AND CLASSIFICATION FOR NUCLEAR;f;
: ASSESSMENT OF - SATELLITES USING NHEP- -5 . s
LAY .~byf;mf'_ G _:

J F Hunka,_M L Van Blarloum, A R. Hunt

Effects Technology, Inc.;:
L5383 ‘Hollister. Avenue
_Santa Barbara, Callfornla 93111

A The number of pOSSlble analy51s 91tes wh;ch must be &.'_-. i
“addressed when performlng an assessment ‘of ‘the nuclear hard"f. -
“ness . of .a satellite. system, or “any ‘complex electronlc P

7T;system, ‘requires that careful consideration be given to.
©iwhich -satelliite: elements are evaluated and in ‘what order SR
“itand to.what ‘degree. “they will be ‘analyzed. A satellite. BYST.

_;.essessment of : satellltes. :The ‘methodology contains screen-:
iing procedures which -reguire elimination . of elements based

sigrouping of similar elements fox . common .analysis next, and

"Z-Speclflc examples and ‘discussions will be ‘given of the

stem with typically: Slxtywthousand pieceparts, ‘has pcten—.h*
Cotiallyia million analysis sites. when ‘allthe nuclear "
S Weapons . ‘effects ‘are ‘considered.” ?ractlcally,_each element
s-gan not be analyzed individually.: Thus, screenlng Pro=:
“cedures are needed to reduce the analytxcal burden to a .
”'jtractable level._} ";y : T

RS The NHEP .5 Methodology ig a systematlc set or procedures."f
:_deSLgned to minimize overSLghts in ‘the design and. hardness -

on functional considerations (first,.classification . and

i finally, elimination. ‘0f ‘groups ‘of elements, by comparlson-uﬁ
Lof thelr performance w1th that of all groups L

s Th;s paper presents the class;facatlon and categor1~-f
'.zatlon technlques ‘which were . developed as. part ‘of the.. '’
"general ‘screening . procedures din ‘the WHEP= S Methodology.

classification and ‘categorization process used for the
sidndirect. nuclear effects (SGEMP, DEMP) analy51s of o
.dcomplete satelllte sabsystem.,;: b IR

ontract #DNAQOL-78-C-0307..

| This work supported by DNA,




AIR LAUNCHED CRUISE MISSILE EMP ANALYSTS

strateg1c m1ssa§e
; 152} Sore; distance froim: 1ts target.
jthen f1199 a; p?anned route’toits: target usang an: on- board
';computer in CDHJ nct10n5w1tﬁ inert 11n] i

: The: Bae1ng Comapny has' desigried: the: AGM-368: At e Latniched: Cruise
;MiSS}Te to con y w1th stringent government e]ectromagnetlc pu]s i
environiments ‘trof the ENP qualt ation 145

: summar121ng the EM requ%rements and; the missil
“design’ featiras ta satrsfysthese requ1rements, the paper: desc ibes
.deta1] he' three part: ALCHM: EMP :

Cefgine: segment equ1pments have a peak amp11tude 30 dB 1ower than
_the comb1nat1on o

The secand! part: was to'dem nstrate that 1nterna1 ALCM equ1pments S
rai capabTe of withstanding &quipment: casa currents of; sixanps/ine
f between 100 KHz and Tad: MHz wathout upset or damage

jofflnternal components- 1 this's 161
tintarnal: trans1ents dite: to: these-fte]ds were ca1cu1ated for_a]i ALCM.
qu1pment5. Safety” margtns were dete

“transisnts appear1ng At 1nterna1 equapments as; the m15511e is
1JE]um1nated by the“spec1f1ed EMP o This: analysis: consisted of
ic coupling, and 1nterna1 coup11n_

: 'add1t on the orre1ataon o-.the anaTyses:resu]ts w1th subsequent :
-Lm1ss11e level dTFBCt dr1ve and free f1e1d tests is d1scussed By




-DETERMINATIDN OF POES _AND CABLE EXCITATION
FROM E-3A FMP DIPOLE TEST DATA

s The Dikawood Corporatlon QLVL__---
Sant Monlca, Callfornla 190405 -

.:The E- 3A EMP Dlpole Test was nducted at the HPD/VPD II test““
“facilitles during -5 ‘months in the summer and fall of. 1978.
K Dur:mg this. ‘tesk,. specml exper_lments were performed to.
--_”festablish the’ majcr TOEs [of ‘the E-34 nd the exc1tat10n

'_mechanlsms_of d;fferent cables.

) Q'The test procedures used during the.PO dentlficatlon.:'f

*experlment and the. fesults obtalned from the. experlment e
| cables jpenetrating’
eans through which .

,the pressure hull are very 1mportant
”electromagnetlc energy can ‘penetrate i

through mutual coupllng to ables penetrating the ?ressure
hull rather than through so e_other mechanlsm, ‘Resuits
for .the ‘current ‘distributicn along cable runs and ‘the !
distribution of ‘currents.in different; w1res ina w1re

':-bundle w11l also be dlscussed.




.WaTter L CUPtTS
Boe1ng Aer05pace Company'
: C0.Box: 3999

ttIe, WA._98124

he E 4 cons1st of @ Boe1ng 747 aircraft that has. been mod1f1ed'

.7 torserve as an'airborng command pest and: hardened: against EMP,
- The  Conip Fete hardeted: system WS’ EMP tested Tn: the! HPO” and VPO 1

js1mu]ators at Kirtland Aiv Force Base, New: Mexico during thei:
“periods oft Febriary: through June: 19785 This paper: willi provide
fsummary descr1pt1on of: the: tests wh!ch'were canducted, how th
y - ! oz

_There warea: bye 2000 pulse respons measurements made ' whic
‘consisted primayily of: spen- ~Eircuit voltage measurements’ bu
nctuded: bulk currentyr short=cireuit current’y 'surface current
Tdens ity and: normal E<fiaTd meastramantsi-s The test pointsiwers
:'¢hosen: to) cover-all: ]ocat1ons, wire: rautTng, wire: 5h1e1d1ng types
Fand:'soma: to: correspond to: p01nts Used in‘a previous: EMP: test: onidn
nhavdened: 747 Measurements were: taken: to §how effects of &iras
craft: confﬁguratton OTTentatTO ‘of the: a1rcraft and’ po]ar1zat1on
fithe: Trcident puTse.: :Tasts: “aTsa:made: €07 chacks: inearity
by dging: different” pu1ser Tevels. = Ini addition, both: 51mu1ated :
“povier on: dhd actua T power on: tests were madé. Finally; a'serfes’
cof tests were made with ihdividual EMP harden1ng fikes degraded
;in order. haw' the effectiveness, of the var1ous harden1ng*-*

: f.the test shqwed-that the'average'peak_opEn c1rcu1t
_yo1tage measured at: po1nt5 inside’ the_pressure huT] was 0n1y .f




© TEPAT 11, HARDENING VERIFICATION OF TACAO .

L ROCKMELL INTERNATIONAL 0
s 3370 Miraloma Avenug il
cniv-Angheim, CA 92803 fa';_lﬁf----”

~ABSTRACT .- : NS RS TR N L R T
i '_t_The:?ACRMO.EMP:Assessmeﬁt_Test:(T£MPAT):IIfis now being v
- performed to evaluate the EMP. survivability of :the. TACAMO .EC-130 ...
~.with pratotype hardening installed.:: The planning, -organization,’
7"and structure-of ‘this ‘test has been developed to . meet -the test. o HERNA
“opbjectives and yet ‘allow flexibility dn testing to accommodate ..n
Chooothe unexpected. o This approach results in .z high quality program @
S Twith minimum risk. The critical-elements of test planning and ..
" : performance of -TEMPAT II ‘are reviewed in this presentation. ..




- DIRECT DRIVE: TEST.

ng: Aeros B
. 0. Box: 3999 WIS 48466
' sh1ngton_98124_

“The Air Launched’ Cru1se Mass1le (ALCM} Ys'a strateg1c mis

_gTaunched from: & B~52" 5ome d1stance from:its Target. The ALCM

rthen f11es & pTanned route to dts: target u51ng ‘an’on= board _'
LAndiE

'_The Boe1ng Company has: desagned
gM1331]e to ‘comply: with' strrngent goVernment eiectromagnetlc
-env1ronments._ A a part" ] i
i\ test was run

‘the EMP_requ1 s
- design: features torsatisfy these requirensntsy the: paper ‘describés
Lin detdil thevALCHM EMP dzrect dri eiqua11f1cat10n test performed
dUring August Septemb P l

:Dur1ng power on. test1ng, dur1ng wh1ch thé::TSST]e Wwas: operate_ in
Jdsimulated freal Flight: modey: the mon1tor1ng was-done: in' real” t1m
'by u51ng ‘the f11ght test_1ns i Treceiving

'{-There were'140:test pDTntS, trapezoidal and damped ng: pul ses: were:
o used, each pulse was: applied 10 t1mes, both 9031t1v and negatave ;
-trapezu1daI pu]ses were used'- : i S

The test puTse generat1on m1ssdTe monxtorIng technaques an”3test
'esu]ts are discussed. in; the paper.. i _ _ :




#j%!e;_fEMP Assessment of the PATROIT Candudate 150kw Mob1ie Electric Power PTant _

ok : SamueT AL €1ark Jr X
(Fermerly of: Harry ﬁ1amond Laboratorles)
RN echnoToqy Development of Ca]1f0rn1a ﬁ_-f
: 1624 .Six FTaqs Drive . :
Ar 1ngten Ry Xas . 760?1

S ' “Robert Garver _;* f-' S s
4. S Army ETectron1cs Research and Deve]opment Commaﬂd :

7 Harrey Diamond Laborator1es ST
“-Ade]phu, Md 20783

R James ash1ngtan S - Gt
o ULS Army D ectronacs ‘Resgarch and. Deve]opment Eommand., e
S Harry Diamond Laborator1es : n

sAdelphiy MDD 20783

TAbstract _ f”

. The cand1date 150kw Mob11e Eiectr1c Power PIant For. PATROIT has been a
fessed ‘for vulnerability.to eiectremagnetic puEse {EMP) ;induced transients:
“The -assessment included field. tests of ‘the generator - and Tpads w1th f1e]dw
~cable “layout us1ng ‘the Repetitive: £3ectromagnet1c Pulse Simulator: {REPS)
and Vertical EMP- Simulator-{VEMPS); cable- driving experiments;: and c1rcu1t :
zana1ys1s using ‘the NET=2 computer.: code. ' The purpose of the field tests Was.
“not only to determine the transients 1o cr1t1ca§ circuits: but also.to deters
‘mine ‘the ‘dominent ‘means by which the ‘transients wvere ‘coupledito. ‘the c%rcuats
JAfter.careful design and constructioniof. the power ‘distribution unit, load
“shelters, .and ‘cable shield term1nat1ons,_}t was determ1ned that ‘the dom%nant
scoupling to: the controi c1rcu1ts 1n the g ne tor was v1a aperatures in the.j
igenerator hcu51ng L : ; : i i

e It was also determwned ‘that ‘engineering measures. taken 1o make the'turh1ne 8
‘engine survive .in.the engine.: compartmeﬂt environment of -a commercial ‘truck L
_tractor enhanced the surv1vab111ty of mest of the contra] c1rcu1ts to EMP




.'AIR LAUNCHED CRUISE MISS{LE EMP FREE FIELD TEST;
'“A]an M_ Sm1th

- Boeing Aerospace Company
Pl 0: Box 3999 M/S 4466
: Seatt?e Wash1ngton 98124”2_

3;The A1r Launched Cru1se Mi (ALCM} is'a strateg1c m15511e :
TaUriched: from:a’ Bo52 soma’ distance from it target. ‘ The: ALCM
- 'then: flfes a pTanned réute to its: target us1ng an on board
E:computer in- conjunction with: in

:3gat1on systems o

Missile to: comply w1th str1ngent gnvernment e]ectromagnetlc pu]se
env1ronments.[ As ‘& par
-;;f1e1d test W'

e After br1ef1y sufmarizi g ; a
'“_“dESTgn features' tosatisfy these: requ1rements ‘the papar descr1bes

T intdetail;the? ALCM EME: free: field qua11f1cat1on test performed

dur1ng September 0ctober: 197910 the. ALECS ‘At the  AFWE S

-'Bur1ng the fTrst'phase' M1ss1on Comp]et1 i the Afr Yehicle was::
j:operated in:simulated: free: Flights ) MissiTe power was suppiied
S turning: the migsile: DE. generator with: a_hydrau11c motor which in.
Soturn was deiven by al hydraulics cart, ;“Non=conductive Kydrauli¢
;{hoses Were used.: The missiTe status was monitored in real’ timg
Susing a Fiber optics data 1inks  The missile §tatus moRitoring::
i cr1ter1a, the hydraulic: power system mlss1]e status monitoring
Cirsystem;in process checks, success cr1ter1a and test;resu?ts are
’d1scussed

St Dur1ng the'second phasé: Trans1ent Measurements, 53 measurement

s were maderat équipment’ fntertacesy ‘Oen eivcuit voltage, and short.

HCIrCUi L Current, meastrenents’ were madey  THe datd was collected.
SUstRg-a: high bandwidth: fiber optic: Iink; was recdrded: on: the AFWL
= DASET-B system;, and reducad on: the AFWL ADSET: systami o The paper:
:-d1scusses the’ test: po1nt selaction cr1terra, ‘the data collection:
ffsystem, in process: checksy corréctions applied. to. the data, suceess:
eriteriay test: resutts, and=corre1at1en of the test resu!ts and thef
"pre test ana1y51s %

:'Dur1ng the thTrd'phase, Intent10na1 Hardness Degradat1on eTth
L test points were monitored Using the same ‘techniques‘ds. inphase "7
o 2°during éight hardness’ degradatTOns. The" degradations are d15cussed 'i

*and the resultTng changes 1n safety marg1ns are tabuIated.:., _-. BR

: The ALCM passed ai] the tests.: H1gh de31gn marg1ns Were ebserved .:';-




" Consultant, GE-TEMPO

'=*;'Abs§rdct'fl?“.g,

':3.-experimentsﬁwere conducted at a major United States military communica- f5
“iSeveral ‘different ‘simulators were used, »:Pulse simulation Ssources i %
" frequency continuous wave radiator {CWR) was employed. to evaluate the i

U Fourier technigues. i

" ELECTROMAGNETIC PULSE PREDICTION CAPABILITIES &
o LCDR M. E. Rabke, CEC, USH o
Sl EMP Effects Divisdon v s

wivviDefense Nuclear Agency N
i Mashington, DC 20305 oo

Byron P, .Gage¥ . inn
" 'R&D Associates S
L MarinafﬂelfRey,;Ca?ifqrnia.9029}__.;%3_

Edward L. Arold 00

816 State Street ool

. Santa Barbara, ﬁa1if9rnia_;§31¢]

L Electromagnetic (pulse ((EMP) simulation experiments ‘conducted in 7
+1978 under sponsorship of.the Defense Nuclear: Agency ‘have -provided -

“-ian ‘excellent data base for evaluation of various (EMP-response pre- 000
. diction techniques and experimental simuiation approaches.: The =il

_‘tions ‘center in Hawaii,and sufficient ‘data were obtained .to establish v
“confidence .ofpredictions when applied to nuclear EMP assessments. L

i were ‘the Transpoﬁtable'Electrqmagnetic.Pu?sejSimuﬁator;(TEMPS)'and_a:'*_ﬂ'7
“1owf]eve]_Repetitive,Pulse.Generator'(RPG).'{A_newly developed stepped -

..technique of using a .non-interfering low-level radiator to determine a . ... .
~transfer functionifrqm_which:a;pu1§g,rg;ppnse-canfbe_obtained using oo

*i_f-._f;gfrent1y thhzédéihg,Mi}itﬁfyjﬂifp1ane109; $ea£tie, wA ' if' .




Statlstlca_ Interpretatlon of Component Test Results

Wllllam R -Graham
;Cha les T C Mo

ST Sines: the nuclear weapon generated lectromagnetlc pul e
Q(EMP) ‘does Hot oedlirin the natural envrronment, systems, sub—
“systems, and: components cannot obtdin an; englneerlng legacy
e} exposure and: hardness: to BME through ordlnary practice’

To neet: the: need for: EMP_hardenlng, gome:; sys: em;des1gns have
“Béen! 1mp1emented,'andi N O e proposed thatadepend for
;thelr EMP: Hardneds: uptn ‘therability: of components, sometlmes
numbéred: i thousand : ’ ri
Jstress greate

;nessﬁ 'E tha) component'level
oD thousands of: components-

?posed ‘that: special purpose
W-bllsh a statlstlcal ba51

'in this:paper;. Wwe: dellneate the n ed, use,rand Timitation:

fox: statlstlcal schemes ln_characterlzlng component and: system
haraness, and we present seéveral ‘simple: examples., OutTired
and:illustrated arg: Yeldtions: and linking' procedurés among: theﬂ]l
_ftestlng and; predlctlon schemes, “the: data quallty and quantlty,ﬁr'
and the confldences in the'results. : : imm

; + The: scheéme’ axp¥icitlyy separates: and
_relates the“a posterlor data based 1nformatlon and the a-

‘exampleEo 1llustrate the power of: tha: soheme in: reduC1ng :
and: elarifying: compllcated problems into: conceptually stralgh

G forwards data: fequirements’ and: calculatlons.; Flnally, we sugm

3fgest several'lmportant areas worthy further 1nvest1gat10n.




AIRCRAFT PROBABILITY OF SURVIVAL AS A FUNCTION
: GF THE RESPDNSE DISTRIBUTIQN :

Robert s, Carter
Boe1ng Aerospace . Company
P, 0. Box 13999 sl
Seatt]e, HA _98]24

B The respanse cf the E 4B a1rcraft w1r1ng to an exc1tat10n frcm
. the AFWL “HPD/VPD .I1- EMP. ‘simulators ‘has been measured.  These - )

i measured TEsponses were. compared with respenses : calculated from. i
SR transm1ssaon Tine mode] ‘of the wiring excited by ‘ajrcraft B
-“penetrat1ons. Noltage and current were. “erouped by - sh1e]d1ng

type . and wire rout1ng and .response ‘error-histograms were. -__-ﬁ

determined for each ‘class.’:The mean. value, standard: devaat10n;

o and max imum error-were, found for each ‘error-histogram.. These &
";:;statzst1cs were Used 1o Formulate ‘the response probab111ty B
“odensity Function.® DenSIty Functions iconsidered dn ‘the analysis -

“included Jognormal,’ truncated ‘tognormals and asymmetr1c ogei

normal.-Chi-square tests ‘of ‘the goodness ‘of it were performed

to assess ‘the 1ikelihood, that the varaate feIIows the P t1cu1ar
d1str1but1on beang cons1dered”

i safety marg1n probab111ty den31ty funct1on was calcuIated by
2o forming :the ‘correlation ‘of ithe response probab1]1ty density o
ig-functiﬂn and a IognormaIIy ‘distributed -threshold variate.: The -
'dependence ‘of ‘the safety marg1n d}str1but1on on.the partacu]ar-
wiyresponse ‘distribution used in the covrrelation dis discussed.
1 The dependence of the probab111ty of ‘survivalion:the response
Pifdtstr1but1on ‘is ‘also ‘considered, where ‘the probab%izty of B
isurvival is. found by integrating the safety margin probabt]1ty

' f]fdens1ty funct1en from'iéfo-to 1nf1n1ty




A.STATISTICAL APPROACH TO EMP COUPLING NITHIN A ._:j
: :-CGMMUNICATION FACILITY : '

r Forrest Ji Agee, Dr.:Ph1I H Dlttmer Mr N1111am G Pars
= and Mr Rona1d L Rothrock i

. AUTHORS :

: The BDM Corporatzon, 7915 Jones Branch Dr{ve. McLean,-Vﬂf*ZZ1Céi

o ABSTRACT*. S Rt
v n The DNA: Progect APACHE assessments of PACOM Command;. ontrolt,. Commun
:z:‘cat1ons “and’ Computer. 1nsta1]at1ons inctudéd & s1mufated HEMP: test at: NAVCAMS
& EASTPAG asra validation: phasei  This TEMPS fest at ‘the Targest did most:
% compTlex communications: fac111ty in PACOM provided’ a sampiing of: the currents
ioandvoltages coup1ed ‘into’ comnunicat{ons and: computer: equi prent.: These
= data’ were: used fnthe APACHE program to'quantify the pred1ct1on errors
s VdssoeTated withy state-of-the-art assessment methods. i Tn this paper: the datas i
..+ have - been;analyzed in-another way: to ‘define the: distribution of currents andf_f"3
o 'voltages: that- can’ be: expected toroccurs from: HEMP:in: faci 1ifies For which oy
- Tong exterial: penetrat10ns are e}ther not: presentior have been dttentated byq
i termingt protection technolagy. " The APACHE tést dita bass 1nc!uded hundreds,
o of individua b measyrements;s quant1f1cat1on of ‘test errors, and: & c1a351f1caa
Utionof tésE paints by ‘communications e]ement ‘that make the data base: :
chrespeciatiy: usefu¥ for: this Kind: of analysjis. iTHe methodo]ugy ‘and’somes
oapplications, ave discussed that includse an approdch’ to. treat1ng an’ EMP'pro-
- blem for which: the specificilayout of: commun1cat1ons ‘gear,; and: cab11ng are
ot well defined. . The-dpprodch: nctudés” & means: of computing probability of:
;_-surv1va¥ for, equ1pmen in structures of: vary1ng degrees of sh1eid1ng




PROOF OF A GENERALIZED LGCASSO CONJEXURE

i : : R M Bevensee S ' RN
O Lawrence L1vermore Laboratery, L1vermore, CA 94550 R

”Th]S Congexure concerns the re]1ab1]1ty 1nterva1 R and cenfadence C

“’in that reliability of-a sum of N random variables X =3 x; given the
~R-reliability intervals at. confidences L€y ‘of :the x5. . The x; are "_- .;-. -
assumed to come from normal populations N(O vi) .of zero means and :
“unknown variances vi.:.Samples Xj1,...;, Xin are taken in each i

I populat1on and the samp1e var1ances S

1 J

2: x /n and covar1ances s %; 1k xJk/n are ca]cu?ated

.:Assum1ng 1) no know]edge of each probab1]1ty d1str1but10n P1 (V1) of
sithe ithivariance a3 a random variable, except, perhaps, ‘that, it is S
““bounded above and below by {(vi)nay and, (¥iImin, 2} all the - '
-(v1)ma /s; are equal, as are the fv % ané are equal.’;
=0 {Vyimax/Sx and (wy) m1n/5 s respect1ve1y, and 3) the same.:'_- L
Sinumber 0? samp]e va]ues n ot the x; for each 1 popu]at1on we prove the j
'gfo]?ow1ng : : S : B o

CIf ( e,, e ) is ‘an R relaab]e 1nterva1 for x, at confadence C1
“and o{-E } the R rel1abie 1nterva% for X z:x1 at conf1dence ﬁ
“then T : R ; i ; :

5;(0 )max';acx.;'(c )h;n prov1ded E2 - (1+ﬁ ) +---+ e2 (1+ﬁ ) |
.:"..'Wth !3 sz% 5. s assumed>1 B R

flThIS 1nequa11ty among the conf1dences 1is true even 1f the x1 ‘are - i
-correlated, in wh1ch case some ﬁ1 do not approach zern as n approaches Al
3ﬂ1hf1n1ty.__., : SR 5 : e S o

f;For the spec1a1 case Of ( )max = (t1)m1n'— C Locasso 'S Conaexure* “"=hﬂﬂ'fh”ﬂ:

ﬁfthat C C for E E:e at common re]1abt11ty 1eve1 R - 15 on1y true;”;.*"

f;}f z:e2 E:e (1+ﬁ ) wh1ch cou]d only occur 1f one or more of the ﬁ

were<:0 (The B are coastra1ned by s, % 1 (1+ﬁ B 0 )

-fwerk performeé under the auspaces of the U S Bepartment nf Enerqy hy L il
“the Lawrence Livermore Laboratory under Contract No. W-7405-ENG-48 and : %" 0000
“sponsored hy the Defense Nuclear Agency under. Subtask Cede R99 QAXEC 30]32" :
v“Data Collection and Evaiuation“, Hork Unit Code B3, oo i

%3, Y, Locasso,'“The Confidence in Combinations of Imperfect]y Known Sl
"Var1ances", Prob and Stat Notes, Note 9 Air Force Weapcns Lab 8 July,_, B
g7 SHUNS . ¥ R




Z'A NEN METHOD OF'CALCULATIN
ST DAMABE: MARGING: :
.'James V. Locasso
Rockwe1l: Internat10na
3370 Miratoma Averiue
Anahe1m Ca]1f0rnia 92803

: Accurate.EMP damage marg1ns are Important becaus :
~=affect hardening: requirenents and Hence: hardéening costs.: Marg1ns
~calculated: to: daté; have. genera]1y been: qu1te conservatqve becausa

thére has beén.'no. krown way: fo: accurately: compare broad band EM

:threat spectra to. the-Usua] damage: thresho]ds ' S8
i Hfrequency, “anid: any “dne g1ven th eshoi

TH & narrow range of frequenc1e

“pap ntroduces the concept that components: of the
L EMP: threat spectra: ¢can be’ wetghted t0 make them: "damage equ1vaT I
: Under éartain assumptions of junction heat1ng, At 18 shown: that: the
- familiar, threshold: curve: (thresho1d versis frequency): is a valid
current we1ght1ng funct1on‘ wThe:! "damage equ1va1ent”'current Jeads: -
; i : _1arger nd:less: conservat1ve “than: would nermaily

_:be caTcu]ated :

'::; The der1vat1on depend By _certavn assumpt1ans and xper1ment 1
3ver1f1cat1on is neededy : The rasiults are 1ntu1t1ve1y appea11ng, how-
'ever and deserve further cons1derat1o'-:_




;..'BGUNDING EMP DAMAGE THRESHOLD PREDICTION UNCERTAINTIES* S
.D,L;'Durgin and R.S5..Shoup . .
'TBooz, Allen & Hamilton Inc
16330 East West Highway -
3_1Bethesda, Maryland 20014

; The EMP assessment and protectlon of ex1st1ng and new weapon or
'C3 systems requiIES knowledge ‘of “the . 1nherent electrlcal overstress L
”faxlure thresholds of electronlc systems.::During :the past ‘ten years
“various theoretical and/or experimental ‘technigues “have been ‘developad ...
“to ‘provide estimates ‘of the EMP.failure ‘thresholds ‘of ‘electronic devices, .
fc1rcu1ts and . subsystems The current - approach entalls ‘the use of small i
sample pulse ‘test ‘results ‘or empirical : models derlved using the ex1st1ng*
'_experimental data ‘base Lo predlct thresholds for untested dev1css.. Simge o
~these device/circuit -level predlctlons are frequently used, An epnjunc— o
ction with EMP, coupllng analyses to wake hardening allocatlou decx31ons B
Land to; d231gn EMP protectlon,-the statlstlcal uncertainties associated -
leth thesge: predlctlons TSt be understuod.; ‘This - paper presents ¥\ brlef
“overview -of the evolutlon “of . ‘electronic dev1ce EMP failure models and
_jdescrlbes the Tesults of a detailed analy51s “of . the uncertainties ‘asso-
c1ated w1th the models currently used on. ‘such pregrams as_the_B 52

(l) A descrlption af the theoretlcal ba51s for and llmltations'f{g
of “each. model. algorlthm currently in use,_speulflcally lncludlng B
.the relatlonshlps used for dlodes,_transxstors and 1ncegrated -

: (2) A dlscu5510n of : the experlmental data base that has been L
T]Ideveloped to support ‘assessments . and model development, spaci-

cfieally sincluding ‘a, descrlptlon of the data ‘base contents 1nclud1ng:,
-SdeV1ce types, sampl parameters etc.' \ NETREE

- (3) A quantitatlve evaluatlon of . che uncertazntles assoclated
with ‘each .level iof the’ Gevice ‘fallure ‘threshold determlnatlon .
Tjhlararchy, ie,, the use of large sample test results, ‘the use
Ciof ‘small sample test results, the use of emp1r1cal mo&els_and the
;use af derlvatlve (se i-g :

-'3Thls paper will dlscuss the advantages and llmltatlons assocxated
ﬁw1th current analytlcal technlques and will present a: recommended approach -
"for determlnlng device [EMP damage thresholds._ Flnally,_areas re- :
Cquiring . 1mpr0vement w11§ beidentified, and’ approaches e accompllshlng
:_these 1mpravements w111 be summarlzed i 0 .

S}

- :This wogk:wesfspoqsc;edﬂby;ehe:DefensefﬂucleereAgescy.L_”1 2




8 AN INVESTIGATION OF THE PREDICTIVE CAPABILITY GE‘ s
“ THE JUNCITON. CAPACITANCE DAMAGE MODEL TOR ... -
SEMIC(}NDUCTOR_DEVICE TRANSIENT FATLURE

J-damage datal are'an 1ntegra1 part of many programs of EMP: vulnerabllltyf
'Efassessment and hardaning.: Exparlmental ‘damage’ data, which' dre: generated

I Thege ware supplemented w1th
'“-No measurable dlfferEnce

< T hed parameters to: allow the junctlon capac1tauce damage model: to: be
srusedy i s A valuable axercise to ‘develop alternative,’ 51mpier damage
o models=tiots do  muchl 48 dsubstitute FO¥ the! juiction’ capacitance: model-
= buly rather'as a’standard. for, comparison' CThe first:- Congidered was th
Fordar power ratlng model Lt wag based on the supp051t10n that there is
- sotie correldtion between dé power ratings and’ trafsient powar £o”dam
No: dlstlnctlo_ was made in the deévelopment of thls'model betweéen: forward
O reverse: do: atingsi’ The resultant model ‘was: appllcable to 887 6f the
_test dev1ce populatlo based 83+ publlShEd parameters) and demonstrated
BN’ Agreement: w1th the experlmental power-to- damage data that was appro
.1mately a factar e to. 3 times poorer ‘thai the Jundtion” capaCLtan
model., A gecond mode_ was éeveloped baged on the manufacturer = ratl
Jof " devices as hlgh power orn. Tow” powers Thig: mo

"population of blpolar tran51stors and-dicdes ('excludmg nicrowave dé<:
_v1ces) as: equatable to eithier of two devides with' damape constants of:
0,089 and 6. F W-gk: : This: model was’ appllcable to; 90% of the tést popula—
- tion and demonstrated ‘the ‘samé. level i correldtion- w1th the experimental; »
:_'damage data as the junctlon capac1tance damage model.




COMPUTER SIMULATIGN DF SECOND BREAKDONN EN SILICDN ON SAPPHIRE DIODES

A L wARD f';:w-.'=

U S Army E]ectrentcs Research and Development Command
. Harry Diamond taboratories .
Ade1ph1, MD 20783 ST

The HDL e1ectrotherma]—mode] computer program has been used to samuw'fff:'Ff

“late second breakdown of & silicon-on-sapphire ‘diode .described by Earuah
‘and Budenstein,2 The diode is 30-ym wide and doped to N = 1.x 10!

“Constant- temperature static characteristics have been. calculated for SDD
350, 404, and 500 K. “First breakdown .occurs at 60 V and second breakdown

;(max1mum voltage) at 410 V at 300 K and at 70 V. and 440V, respectave]y,.;hf'1f;
c-at b00 K. :‘Avalanche pscillations” are.ca cu}ated in .the range of current ...

~densities of From 5 % 103 t0 5 .x 104 Afcmc. The freguency varies from

5 to 20 GHz, depending ‘on the current densmty and temperature The osc1i—,f B

-Jations affect the second-breakdown transient. o
o 1t s 'shown that the current dens1ty cannot exceed Ne . Vsat unt11 the =

:iaralanche field at the NN*-junction is reached; then the holes. neutra]1ze_ff'}:

“the space .charge of -the ‘excess electrons.’ When negative resistance dis. -
.-attained, the Field drops rapidly except at the PN .and NN*: Junct1ons._j_
: “Besides constant-temperature simulations, calcu]ations have .been .

f-made with extrapolated-temperature distributions.  The resulting stat1c

_'current/voitage characteristics are but 1ittle different from the 1so—---~;5f.7e
ithermal . ones. ﬁrefore, the ‘static characteristics at various tempera-.. ...

“tures may be used

to ca1cu]ate power Versus t1me o breakdown curves .
: w1th confidence. :

Compar1son of'caicu1ated results w1th exper1menta1 measurements W111 jf*f"

zlbe presented

nj.;EA L ward "Understand1ng Second Breakdown," NEM 1978 Record p 37

i2. A Baruah -and P. P. Budenstein, "An E]ectrothermal Model for. Current BN

»: i Filamentation in Second Breakdown .of Silicon-on-Sapphire Dicdes,”

< “Proceedings of the 1979 Electr1ca] 0verstress/£1ectrostat1c D1scharge 'fj_ti

. . Symposiun, RAC/RADC pp. 126-132. i RECR
V.S.fiA L. Ward and C. Fazi, "Avalanche Osc11]at1ons and Second Breakdown, ;
: ;NEM 1978 Record p 38, SRR -3;__ DENAE SR ; SRRERD
: 4.dgA L. ward,'”Dop1ng Prof11es and Second Sreakdown,” Proc 1979_E0[ESD_%]}-
="_:.5ym PP A09RTT8. L e S T R e




APPLICATION OF NEC AND NET-2 CODES'
| TO ANTENA RESPONSE UNCERTATNTIES
L Ci Marting Ry M. Bevensée,
©E.rJi Bogdan. and 6. . Burke

"Livermore Laboratory,” Livermore, CA' 94550

: -_1Th1sspaper‘presentSran*approach[whachrut |Tzes two..Targe: computer.
o programs ‘and work on circuit modeling to aialyze the problem of
“ uncertainties in EMP ‘coupling to an antenna system. The Numerical '
:ETectrdmégnetic1dee“(NEC)fﬁ”fsfthéaprénciﬁa}{too]fwﬁich'ﬁrovfdes-the
i NET2

\vartation of ‘antenha’ performance parameters: With: ground effécts.:
a powerful circuit and’systems: sinmulation program, 15 then: ised
several’ waysi: First; the optimization solution featura provides:an
“approximation of antennd impedance and éffective height with circuit .
pararieters.. Second, the traisient. response capability of NET-2 75 used
cinia direct input-output mannevwith/a specified input and Toad, = -
- Einally,: the'Monte Carla: solution: feature of the pragram: derionstrates
;:thé signiff¢ancé;df{ﬁnpeptaintiésfﬂhenipasaméteﬁsiabe*éﬁécifiéd'by?-
distribution entriesi "The approach is:illustrated by applicdtion’ o ai.:
case of: ai'whip-on-box™. antenna. system with several cases for comparison.

“%Thié;work was-pépfbfméézundéf.thg-aﬁsﬁibe$ ofhﬁheﬂU}.S._Department:of_
Energy: by the Lawrerce-Livermore Laboratory unden contract: i

#W-7405-ENG-48: and: sponsored by the Defense Nucledr: Agency under Subtask .
: Code R99-QAXEC-301 "Data Collection and Evaluation", Work Unit Code 83.

LR Numer Teall Electromagnetic Code (NEC)-Method of Moments," Naval' Ocean .
.: _QSystEM;Center;ZTechnicaT“Dbcumeﬁt,116;ﬁpfepérédjfor”NéVa1_Electronics;
- Systems Commarid (ELEX 3041}, 6% J.' Burke and’ A.'J. Poggio, Lawrence.
Livermgre Laboratory, 18 July 1977 (also Report AFWL-TR=76-320). " .




"fw 3' Currents Induced on a, Bare Cab1e In51de a M1ss11e o
R -I .C. Tong, A, Sankar. and P Parham1 ;'-' =
“TRW Defense. and Space Systems Group
®)

'_._Recently TRN has deve]oped a unzque apprnech to ca]cuiate the current 1nduced;3
“'on an.arbitrary ‘bare cable inside :a missile due.to.an. EMP.source. o In this -
;'approach we_ modeled the missile by an open-ended conducting: tube of Finite. 1 o
length. “The ‘tube s i1luminated by an. arb1trary £MP isource, By using Kap's ol
comethod we formulated this: scatter1ng prob]em in ‘terms of a pair.of. pseuda—
Lo coupled B field 1ntegra1 equat1ons in the’ frequency domain. The ‘integral:
equations which involve ‘only ione- -dimensional: ‘integration were solved: readily.
by method of moments ‘for. the ‘surface currents,=-Once ‘the surface currents
were ‘knowti s “the transient fields ‘inside the m1ss%1e were “pbtained by perform~
sing a- Kzrchhoff type 1ntegra1 and a. Four1er transform, " Assuming ‘that the’
“hare ‘cable.was ‘small. and did not perturdb the field, we could use ‘the ‘com
sputed fze]d s/ the excitation: sourge ‘for the bare cable. :To ‘compute the
current :induced on the:cable, 2 time-domain E Field 1ntegra1 £quation was
“formulated for -an arbitrary curved thin-wire in free space._ The integral .
“Cequation mas -then 'solved by ‘the finite e1ement method2. Both ‘computer. pro-.
Sograms have been deve]ﬂped and goed numerrcal resuits were obta1ned and will:
be. presented . [REIRRS :

ﬂ"Three D]mees1ona1 Electromagnet1c Scatter1ng from a C1rcu]ar
; Tube of Finxte Length,” J ‘of App Phys 5 Voi 40 Nov s 1969 :

; A Sankar and T 'C Tong"hFin1te Element App]1cataon to Tran51ent.;' :
;;5:Scatter1ng Prablems, - TRW technical. report prepared .for, Ajr Force foice_'
._of Sc1ent1f1c-Research Washangtoe,.D.C AFOSR TRN 79 002 October 1979 2
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__Experlments“with morcpale afitennas are often performedT

SWithorilyiong 6r deveral drive: geometries’ because; of !

Jtimerands expénse: 11m1tat10hs.; Inorder to correlate
jadmlttance measuréments made) with one:drive: geometry
to: those made w1th other drlve geometrles,_end correctlons

accurately calculated Frof: 1ntegral equation formulation
. Of, the exact_boundary valuefproblem for a wide range of




'[}w1th a simple. lumped-parameter network. ".The method of moments”

“for this. directional antenns. A time-varying r851stor -BCTOSS ca- -

FTHEORETICAL AND EXPERIMENTAL RESPONSE ANALYSIS OF
: “AN INCLINED ANTENNA IN.A - SRR
TEME—-VARYING AIR connncnvmy ENVIRONMENT SRR

'{ R. P Manriquez 15- .

US Army Electronlcs Research and

i ~Development Command . © 7
1 HARRY DIAMOND . LABGRATORIES
S Adelphl, MD 120783

] The 1nteractlon of an 1nc11ned antenna 1mmersed in an electrlc
'fleld with a time-varying air COHduCthlty medium can be modeled_ff

*‘developed by Harrington was lmplemented to.obtain the ecircuit model

spacitors in the network model was incorporated to account For the .’ :
_3t1me—vary1ng air conducthlty.- At the AURORA Flash X—Ray Facxllty, Wi
3'a typical experiment was performed The HDL ‘Mark T source-region B
:3simu1ator transmission. llne was flred 51multaneously with the AURORA
Flash X-Ray Mach;ne and the response of ‘the 1nclined ‘antenna was :
g{;measured. Thg_theoxet;pal and experimental ‘results will be pre-
sented. sl PR PR R S e




; EX?EREMENTAL“AND THEORETICAL RESPONSE OF AN
OSCIL ATING LOOP Tp AN ELECTROMAGNETIC PULSE _IN A MEDIUM




; BRDADBAND AND TRANSIENT ANALYSIS DF THE VLF/LF DUAL WIRE ANTENNA
: ON TH£ E- 4B .

L Mar!n » J P Cast}310

The response of: the VLF/LF dua] wzre antenna on the E 4B IS ana]yzed both ff5
gvimefmmmmyaM1ntm Umammmn ' _ SR S

A superpos1t1on procedure as used for frequenc1es be1ow 0 5 MHz 1n wh1ch B
:the original ‘problem is split into Awo transmission-1ine. (d1fferent:a1»mode i
‘current) problems :and two antenna (common-mode current) problems. . An equiva~
dent circuit for‘the. antenna is 'derived which places in ev1dence the comb1ned_,”
-aptenna- and transmission-1ine properties of the two wires, “Results for the i
“Ewo important. quantities in.‘the Norton equivalent icircuit ef ‘the -antenna. =
“namely, “the “input ‘admittance and Short-circuit current are: presented For
fdtfferent po?ar1zatzons and ang1e of 1nc1dence of an. 1nc3dent plane wave '

: The a1rcraft is’ e]ectrwca1]y sma?] for frequenc1es be%ow D, 5 MHz and 50. 1ts f:
1nf1uence ‘on_the :antenna ‘vesponse ccan 'be -accounted for. ‘by ‘using umped netwerk '
“parameters.. For: freqﬂenc1es .above 0,5 MHz , “the resgnances ‘of the aircraft’

dtself AnTluences the antenna response,: =A ‘stick model for the aircraftis used
to account :for:ithe major Jongitudinai. aircraft resonances. Resu]ts are pre—.' B
ssented For-the antenna wire currents 1nduced by ‘an-incident ‘plane wave ‘of ‘dif- )
“ferent ! po]ar1zatzons anhd ang}es ‘of: 1nc1dence ?he results show ‘a very. rap1d
“frequency -variation of the.: “induced ‘wire currents. -This ‘rapid var1at1en s
lattrlbuted to the extreme ]engths of the two antenna wires

_ The transment response of the antenna'w1res 1s caicu?ated from the '
.frequency doma1n resuits. The antenna .response both 10 a delta Function: 1nc1-
_dent pu1se and:a double exponent1a1 pu]se are, presented It s found that oo
‘the Wire currents.consist.of distinct pulses.: The magn1tude and waveshape of--ﬁf
qthe two 1n1t1a3 pu1ses are presented 1n deta13 .

The D1kewood Corporat1cn Santa Mon1ca CA 96405 o TR
Aar Force Neapons Laberatory, Klrt]and AFB NM 871?7 :i} '




'TRANSIENT CGRONA EFFEQTS ON HIRE GVER THF GRUUND

s CHEN.._.
Air Force Ueapons Laboratcry
' N 87117

i M!TItary dircrafty: siuch as TACAMO and Awborna Cowmand Posty
“employ, long VEF tratling Wiva anténnagi’ Thesg antennas dre; requ1red
“tosurvivelexposure tor nuclear. electremagnetic pulse’ environmen
~During Suchran’ “expostre’ the'electric field onithe trailing wivre :
“anterna;’can be consxderab]y greater than the! breakdawn e?ectv1c=f1e]d of
(the air which results in corona’ around the wire: 'As 3 first:step in.

runderstand1ng wires With corona, ‘thé Rir Fdrce Waarons: Laboratary set’ i
Cupsdiwire ovérsa copper Wire meésh ground piane Taeriity at Kdman Sc1ences?.f
x:_Corporatien' A h19h voltage pulser s Gsed to: drive ' this: transm1ss1on RE
S Tinelupsto 90 Kvo Baum's: electric: and” magnetic field sensors arenii :
CsiEuated: on the ground p]ane ‘to measure:the corana’ef fectil The recorded
.-'s:gna]s c1ear1y show: the onset of the corena Which.is character1zed by &
o dip inithe ' measured data.l Covona data for different wire typés, e.g.,. ..
'g:fA]umxnum, -Copper;: for ‘a range of: voTtage 1eve15 and for both po!ar1t1es,]t
< have been co]]ected'-“- :

_ _ 11ne equataon w1th o

A non11near gapdcitance per meter:is: deve]oped Firsty a genera] solution

“for: the: nonlinear transmission. 1ine equations: is: obha1ned ‘Second; the

fpu1se veYocity' is deduced from the measured data as & funct1on of: pu1se
'*magnttude._ ReTatisnship: bBetween:ling current and vo]tage isistudied::

Cmi Towns;end 5 e]ectron ava]anch theory 15 a1so ann11ed to 1nternret the:
i testidatay . : .




" ESTIMATING EMP_COUPLING TO -SHIPBOARD ANTENNA SYSTEMS*

"L, C.'Martin, R, M. Bevensee, H. S. Cabayan.. '
R Tand FL 3G Deadrd ek R R ATARE L ARSI
“aivLawrence Livermore Lahorgtcry,;Ljvermore,jCA_.3455o PR

" The large size and extreme complexity in the electromagnetic response -

fﬁ=_behavior,of'a surface ship presents a difficult ‘problem for-estimations .50
- of .EMP coupling phenomena.This paper.discusses techniques .and presents -

““'some results pertaining to the estimation of EMP. induced coupling ]eve]s:._jn_f 

:'”_for certain ‘shighoard antenna systems ‘and ‘structures, . The Zechnigues .

" "The emphasis s on the use of the reduced-scale ship models in order to
“predicting voltages and currents on the shipboard systems. Data is

discussed include the Following: :*1) The ‘prediction of ‘specific ‘response -

. “levels hased on_yse of .data medules for-external coupling of “EMP. 1o SR
ogeneric:system Siructures, 2) the combined use of -a transient iy
n;é]ecthomagnetic_range:facility.andjscaleﬁmode1sioffships,;and 3) .the

_synthesis of -equivalent circuiis with network response predictions. .

s provide the type of responses required for hardening ¢ongiderations,
Scale-model ‘tests on the transient ‘range aid in estabiishing the i

. cagcuracy Jand 1imitaticn_ofisuch__hjp_mode]cmeasurementsfasjtoo1s'fdr
".presented_for_comparison_qf.téchniques and ‘thus 1i1lustrates some of the;
accuracy ;and flexibility of the scale mode1 ;approach, “Results from -0
“tests ion .a 1/48 scale model indicate time domain response peaks oriniu
generally are within * 6DB when compared, to full-scale 'nio /o

%This work was performed .under the auspices of ithe U. S. Department of SRR

" Energy by the Lawrence Livermore Laboratory under contract No, biiioiniilis

. W-7405-ENG-48. and was sponsored in part. by the Defense Nuclear Agency, -

-0 Subtask Code R99-QAXEC-301, ‘and by the Naval Qcean Systems Center, ...
CUMIPR-NGGOOLBOMPOOBLA ., « /vy i




IMPLE MODEL

. A simple an
‘Line’ power: losgit a vject of thig pape Basically,
] 2ation creates a conducting mn stream between conductors. :

traditlonally caltadip i tha watts/m lnsq o' e cen conveniently cal'cu
late; over: lim: ‘of: lige: 1eng :

e Q and: (2) LPA
exponent (eQ) : sgion’ 1: 18 weak: attachment and: region
is the equllibrium avalanche quenchiﬂg limlt‘ "rFu'fther measure'ments




72 THE ELECTRDMAGNETIC COUPLING AND APERTURE
PENETRATION iNTO COMPLEX MISSILE GEOMETRIES

Keraéa Umashankar and A]]en ?af?ove
JUEHIT Research Instztute “
=10 West 35th. StFEEt
Chicago, 1L . 606]6

The genera] electromagnetlc ccupling and sh1e1d1ng prob}ems have been d]ff1cu1t e
~to treat because of . the complicating effects of apertures, curvatures, corners,.g"
Yand complex internal contents ‘of 'structures. - Only. canonical:structures -and. '“
“simple aperture 'shapes. ‘have been studied. prev10us]y An ‘an.attempt Lo gain in-.

sight “into coupling mechan1sms using analytical:and method .of -moment {MOM) -

‘pumerical ;:approaches, A powerful-alternate approach s ‘the {(¥D-TD} Finite:
“pifference-Time Domain method :(A. Taflove, "Time Domain Solutiops for, Tlecty
“magnetic Coupling", TIT: Research Institute Final Technical:Report, RADC-TR-78
7342, June 71978) which 'allows, computation of: ‘the ‘penetrated ‘internal EM f1e1ds
by direct mode11ng of realistic complex gepmetries, apertures,.and internal -
.contents . :

1'In order tu treat coup11ng prob]ems more effect1ve]y, new hybr1d technaques have
““been developed which involve ‘combining ‘the ‘FD-TD method either with ‘the MOM or:.
Csome other appropr1ate techn1que “The hybrié £D-TD/MOM approach wh1ch will be »
presented,is based on. & novel. use of sthe so-called, “field equ1va1ence theorem
‘dye 1o Sche]kunaff =In the. hybrid FD-TD/MOM ‘method, ‘the ‘coupling problem:is ...
analyzed n two steps by . treat1ng the re]at1ve1y s1mp1e ‘external ‘and ‘the rel-,
vatively. complex internal. regions ‘separately. . The :method . dnvelves First, deter»._.
“mination.of.an equ1va]ent short-circuit current.excitation in the. aperture reg1
0f -the structure ‘which ‘s :obtained by solv1ng an exterior preblem (u51ng MOM) (=
sWith the aperture ‘being closed for. a given external illumination. :The computed
.jequ1va1ent current excitation:in ‘the aperture region is next ut1]1zed as sources -
ito i 1luminate ‘the interior. region.and -the penetrated interior fields .are computed
by ‘the FD-TD method The ‘computed interior:fields for .an aiuminum cy11nder with -
~'one.open :&nd are compared with ava1Iab1e ‘experimental and numerical ‘resulis ‘to N
“demonstrate validity of. ‘the techn1que The. hybrid FD-TD/MOM method has been suc--ﬂ"
cessfully applied to a comp]ex npse ‘cone mode] with interior-material: contents
(A, Taflove and X, R. Umashankar; et al, ®Evaluation of Time Domain Eiectrcmagnet1c.
{SCoup11ng Techn%ques“, A1T Research Institute Final ‘Technical ‘Report :to RADC,-::%
-qMarch 1980}, The hybrid method based on ‘Schelkunoff's “field ‘equivalence theorem"
ds.also. app11cab]e when coup]ed wires or. mater1a] bodies are present :and coupled o oo
~strongly fo the aperture “The results of the . ‘application of ‘the hybrid MOM/MOM o :
. approach :to_ “a finite wire .scatterer.behind a narrow sict perforated conduct;ng
j_screen” are a]so.compared WIth ava:]ab]e-data B

L HIT RESEARCH INSTITUTE 0




- oA 'cient Technlq for Solv1ng R
Quasi—Statlc Problems for Irregularly Shaped Regzons

Dr Martln D. Bradshaw :
;AFWL/Unlversityzof Hatr Mexico: "

entation faa mathematlcal technlqu

'nWTWhich combifies Finitesdiffétenca and: ‘andlytical. procedures ta produd

Lot Fissolltions s aky speciflc 1nternal gr1d—p01nts in terms of the Kootm
"boundary conditions of the Fegion. y'using concepts 31mllar_to thoser
5emplcyed in Dlakoptics, whith {4 used In cireuit analysis;. complicated
: geometrical problems) cat be’ fediced & a'éystem of 51mp1er problem
"which are; ccupled together through the common boundary condition

“eddily: written'down dlrectlyi. The” technlque
coefficient: supermatrix which: has propertied: which: ailow the! resultin
:matrlx equation to be solved 1n ‘convenient: form by ‘the. spe' !




22N hardened missile may be requ1red o survive -all .of .these affects.

.a_raceway table shield by various ‘external effects .are first, estimated.

i meters {e.qg., transfer impedance ‘and transfer admittance) 50 that the.

'-f;rponse 1s aiso calcu]ated us1ﬂg a s:mp1e transm1ss1on 11ne model

THE USE OF SIMPLE ﬂDUPLENG MODELS FOR ffz-f:~7‘ Ry
* COMPARING VARIOUS EM EFFECTS ON AN .-
ST INSFLIGHT. MISSILE RN

Dan1e1 F H]gg1ns aﬂd Kenneth S Sm1th L
JAYCGR

: 360 $. -Hope Ave
Santa Barbara, CA 93105

T VBPIOUS m311tary systems, such a5 an in- fi1ght m1ss11e may be
'-gexposed to.a number. of. potentialily danag1ng electromagnetic effects.
“These include. various.types ‘of ‘nuclear EMP, “SGEMP, .and .source region
vadiation effects, ‘in addition to natural effects such -as lightning.

o Some protective features, -such as EM sh1e1d1ng can reduce .the 1mpor~.-_'--
Cfance of many -of ‘these effects, but it §s usefulito. have Some means
~’of comparing the relative importance of all ‘such. drxve mechan}sms so
s'that protective measures €an be proper]y ailocated

L This paper. descr1bes 2 method .of compar:ng the varmous EM effects 5
‘that might be seen by an in- flight ‘wissile. “The currents induced on :'1

A transm1ss1on Tine ‘model. is then ombined with typ1cal sh1e1d1ng para»

~'vesulting currents and .-voltages inside ‘the shield can be caltculated.
“Parameter variations, such as the. external /current ‘spatial dzstr1but1onm_
along the raceway.and transmission line dielectric Josses at high fre-- "

- ouencies, will be discussed, - The currents and voltages coupled ‘through ..
- the sh1e]d can then be compared 10, those created ‘internally by penetrat-....:
“ling radiation (x-rays-and y-rays}. i The radiation driven: 1nterna] res~-_

s The end resu1t is thus currents and vo]tages at ‘some commnn poxnt
“{1n51de a: sh1e1ded system. ::These signals ‘can be directly compared even
““though the sources of.:the EM. signals may be quite .different and the ',
_ﬁ-51gnais have arr1ved at the compar1son p01nt after d1fferent coup11ng
3[paths Ly

RN The paper w1?1 present severa? examp?es and numer1cai response
ol comparisons, although the emphasis will be on how re]at1ve1y smmp]e
-':ana]ys1s too1s can be used to make such compar1sons.,-

- :*lork sponsored by the Defense Nuclear Agency = .




”3370 M1ra]oma Avenué:
Anahe1m, C

SR This paper: descr1bes the: wethod used to: ntegrate: the
EM' (Electromagnatic): portions. of the NH&S {NucTear Hardening and:
SurvTvab1]1ty? and EMC: (EiectromagnetzcJCompat1b1I1ty) requ1remen s of
the M1ss13e X Guidan é and ControI Syst i )

EMP (E1e romagrietic’ Pu]se) ind: SGEMP (System Generated E]ectru
magnetfc Puise);: Lightning and EMCare all related by their EM: para=
metérsi The objective oft the: EM Integration is: to take; advantage of’
‘the overlap of! EM parameters: tol é1iminata rediindant eFforts of anal
designiand. tests, ahd to take: advantage ‘of hardening and:srotectia i
‘comiichaT{tiesi’ Comp1ete cost sav1ngs are rea!ized by combining anaiysts,

65t pians tests nd te 4 ] i ”

;,TMS1anm1gmmﬂﬁd;ﬂeﬁmﬁme
'1s_added to the! externa] MI__STD f61: 5pec1f1ed suscept1b111ty EMI Teve15
¥ E Gt

th

How: to use: the naw: EM Integrated requ1rements n-NH&S and EMC
analys’ nd tests dnd how: to seiect common: protaction désign i
discusse Examples: dva given  using the EM: Integrated requ1rement
tordeterming the £ Safety Marg1n for c1rcu1ts where upset o burnou
thresholds “ave’ kKnown: . :




Suggested Experiments and The1r Rat1ona3e {?:::.::__--_

_V.f':Maur1ce 1. Sancer. s
o RED Assoc1ates R 113"
Mar1na de} Rey, QA 90291

: It 1s argued that EMP coup]lng ana]ysrs a]one cannot he re11ed-; Lo
: upon to. determine. subsystem . excitation. :The argument is based on.a .ol 0)
“reciprocity proof which shows that the coupl1ng problem can.bhe viewed o
i as aniequivalent antenna, prob]em. For., systems .of -moderate ‘complexity, R
;Uiithe equivalent ;antennas . are - consaderabTy more complex ;than aye [ iinr i
o dntentional antennas which are ‘considered beyond. analytic treatment,
- Forthese intentipnal. antennas . qt ds- rout}nely requ1red that the1r
',patterns be measured before they are fielded.: :
Sl Accepting the need . for. EXDETImEHtS Jeads to. the dlff1cuit task-:an_,
Sof 1dent1fy1ng spec1f1c experiments. This task is first: addressed. by
voodiscussing the, relatxonsh1p between Taboratory experiments :and. fu]l
. system experiments. Next, three sets of laberatary exper1ments are, i
o idescribed along with the obaect1ves they would ‘accomplish, - The. f1rst_:
“ioiset ‘of ‘experiments ‘would provide :a'data base to examine ex1st1ng and .
'proposed procedures for. the 1nter9retatzon of Full system-Tevel :EMP.
simulation testsiin terms: of. threat.: The second set of experiments .7
“would ‘examine ‘the adequacy of 1nc1dence and .polarization. ang]es that -
- “have . been :included in past and proposed system-level-tests. The
i third iset iof ‘experiments would examine whether.external coup]1ng i
'_lquant1t1es can be. comb1ned with measured ‘quantities. (transfer coeffi-,:
;“jc1ents) to determine 'sybsystem excitation. A positive vresult has the.
~oCpotential to facilitate ithe determination. of system ‘response to a : .
~ioyardety of ‘threat Scenarios while.a negative result implies that the;_ T
soanalytic, numer1ca3, ‘and exper1menta1 ‘capabilities that have ‘been:
“developed for. the: determination of-external. coupling . quant1t1e5 are
“'not ‘usefulifor. pred1ct1ng internal ‘subsystem response.Some data -
exists. wh1ch Indicates.: that transfer. coefficients ican be measured
and it will be presented.’ Fana]ly, secondary purposes fcr the expern
'*1ments w111 :be ; d1scussed : A S .




MX G&C ELECTROMAGNETIC’SPECIFICATION APPROACH

Duncan St1}1/Gordon Pa1mer

7 Rockwalt Internatlona!

3370 Mira1oma Avenue
4.1

___,3requ1rements Tnto the: spec1f1cations for ‘the MY~ Guwdance and” Controi

o System, requires’ consideration of-all: eTectromagnetic enVTFOnments,:a
o EMPY SGEMP: 1Tghtn1ng EMR and. EMC Specifications covér thé’entire
o frequency: range appropriate; for these env1ronments, dci to GHz . Pra
”"tect10n ]eve?s are: drivéen by the. most: severd environment. fA-a given
e V0T EhE frequéncy. spectrumi ".This allows: specific’ elactrow .,
protective features o attenuate several eTectromagretic,
: .thus aTTow1nq a more efficient and ]ower cost harden1ng

;‘E1ect: maghetic: shield environments: are: specifued i terms' | A
:'transfer impeddnce,: both: for cable shialds’ and’ confiectors. ETectronic
- box:dase: shield fequirements: are specified in térms of current density:
Cdttenuation, through the shield. i Conducted electricals Moise interface::
:'rntrans1ents are:specified at: 1nterface conihector p1ns and; arg: spec1f1ed;

S ind termsiof” equ1vaient Norton oy Théveninisolircess i SuppTementalires:
}{quxrements inclinde use ot Tow: 7 coatings o min1m1ze SGEMP. eTect
emission,: restrictions: upo “the: SGEMP: diréct: Injection’in missile
cabies spec1f1c bond1ng Tso]at1on'and referencang requirements

Thts sat of requirements provides an: opt1mum LCC approach to
: spec1fy1ng and: 1mpfement1ng e]ectromagnet1c protectaon into MY This
- approdach’ ytitizes: each protective element: to: 1t¢ maximum:1imit a110w1ng B
<0 Tt te protect agatast several (M environments, and: ensures; that: the:: Sy

S entive spectrim of electromagnetic threats is properly protectadis Th
-dpproach has: cost benefits: a}ong th’ min1mzzat1o' of m1ss11e weTght




'::ﬁRecently, the thesry of inductlve shleldlng Il] has been

"ﬂlnvestlgate the effect of electrzcal ‘bonding between the

e O R
2 MULTI-LAYERED . SHIELDED -ENCLOSURES WITH l
PARTICULAR REFERENCE TO BGNDING BETWEEN LAYERS :

i Tbe blkewood Corporatlon HEROI v
= San;a Moplca, QA__99405 R

“applied to derive simple engineering formulas to describe the’*

"_magnetlc field .that penetrates dnto ‘a single-layered shlelded
“‘enclosure of arbitrary shape [2}.."In this paper we extend the

previous work to énclosures of multi-layered shields and

:Lshields on the shleldlng effectiveness of the enclosure..ﬁ:-

 We wxll first solve the boundarynvalue problem of two ccncentrlq_.
‘spherical shields using the theory of inductive shieldlng,_and s

:E.then generallze the results to a multi-layered shielded : RSN
enclosure of ‘arbitrary shape.’ The results will be fnter- . i:.."

'”a.introdupe ‘the concept of bonding between the shields.: The
“effect of boading will be evaluated by solving simple. c1rcu1t

.'A-Z_for a multl layered cylxndrlcal shield

preted in terms of equivalent circuits by ‘means of which we Li_-

problems. - *Finally, we will show the . correspondlng results

{11 R.W. Lathem and X. S. . Lee, Canad 3. ths., _46 1745 -._'-':
1752, 1968,

':"tz§ K.8. H ‘Lee and G Bedr051an, IEEE Trans on Ant. ‘and =:.'
. Pxopag., AP-27, No. 2, 194198, March 1879.

The work was pe;formed_unde:_Cpntrap;_No,'F29§Ql—?B—CfQOSZ..




Penetrataon of
__Raoms
'Entr1es

JUES ter Haseborg ) Ry Sturm * ) H_ Trinks *
+Y Hochschule der: Bundeswehr Hamburg, X
= 2000 Bambu'rg: 704 S LT RN
++)Wehrw1ssenschaft]1che D1enststeTIejder Bundesweh”
wABC=Schutzy: 3042 Munstery i i
West Germany

- The interfering in ca:of imp ' e]ectromaqnetIC
Cffeldys mocaused by el g fghten1ng flashasy strong: Fadark,
Shedms g nudlagrs EMP S __the 1ns1de ot 5h1e1ded rooms: 15!
Jnvest1gate i 1 ;

shialded: room

: .prot cted by
suff1c1eat}y 1ntense externa} 1nterferences these s
St : d I de o : : At

oTtage: 51qna1s U(t . ?secondary loops: are: caTcuTated

_theoret1ca11y ‘For: th1s'purpose “assumptions. dre made: on:

S the: 1nten51t"and frequency of the coupled currents: with
vartous given i curre t branch1ngs CRUguparposition o fisuc
current branchings with™a High~ degree g f symme trys Tead

Jte substantial compensationiof the fieéVds i white: w1th

CEtronaly: asymmetr1ca1-arrangement particutarly heavy: 1nte

fergnces are caused, Thése: results éYucidite the var1ab1e

g icie “afucentral Ty darthed: conductor systems with:

‘coaxial: return,_and of: w1deTy spread decentra11zed earth

_connect1on : : :

E!ectr1ca11y conduct1ng d1v1§10n wa11 S
Croomstedd: tor A partials sh1e1d1nq afi the unavo:dab?e 1nte
ference fae!ds 5 The sh1e1d1ng sffect of plane qrid ;
O R Fe) independance; ¢f mesh: gr1d and

: caTcu]ated and: d1scussed

TPoss1b111t1es are. descr1bed how to. ccmp1eté and: co'f1rm
:the theoret1ca! resu1ts by means of experimentai methods

3rd: SympOSTum and: Teéhnxbal Exhib1t1on ot
ETectromagnettc Compat1b1]aty, Rotterda
:May 143 1979 R y




: -connected Yo each other by circumferential ‘joints. 1% is. common

-1 that relmtes the Voltage induced on . ihe internal .cable to the ‘current ..
e flowing on the weapon bull.” “Pine domas.n methods %o measure this ,jcint x
©otransfer impedance are descm.bed a.nd analysed and results Lrom i

‘" coupled into the cable. forn using & “trangzission line fomulation,

: "::_ paper wnere the parameters var:.ed are._.

m COUPLING TO i CINTERNAL cmcums'_ or mssxms

AND ‘I‘ORB..DOhb Tmoucﬂ HULL SECTI{)N JOINTS

ZPR Mlller, R : SELL U

.+ Marconi Space & Defence Systema Ltd., SRR

" Caobhan Boed, . N SEE

o Frinley, o
o Cemberley,

Loodurrey,
[GU16 5EF .

. In the masonty of m:.sailes and torpedoes, the hull takea ths 3 PR
o fcm of & metal cyllnder built up from a number of sections that a.re f' N

- practice %o include inside these weapons & cable fomm that Tuns along - ;
k _:the 1ength of the cy.linder close ‘to these ;}o:\.nts. Tms cable fom ORI

. chever, as the join'hs must posseas f:Ln:Lte impedances, ‘hhis
E manu.fa.ctur:i.nb process provides a good path for HEP to be -coupled into :
-_'the cable fcm a.nd cvenmally :Ln'to the internal circu:.ts of the S

In thls paper 11‘. is.postulated that this coupling path can be :
: ;1ni.t1ally charactensed by & smgle, simple, joint transfer mpedance

‘meapurements uping ‘these methods are ‘fhen uged to predict ihe. enéi-gy

The predictions are backed up by. pract:u:al measurements carried out 'in 5
an EMP s:.mulator. Agreement is shovm to be very good. AR :

et Once confidence has been obtai,nad j.n the coupling theory, it ce.n I e
) 'then be used o, investigate the general pro;:erties of EHP coupling into [
. weppons of ‘this type. . Such an. mveatlgation is carmed out in th:.s A

(1) The length a.nd dlameter of the cylinder. . : . _ B
(2) ‘i‘he value of the 3oint transfer mpede.ncc. L '_ EREHTHE R
(3) The tlghtness of ccuplmg cf the ca.ble to the ;;o:Lnt. S ]

. The results of th:.s investlgation are preaented :Ln 'the fom of
coupled energy level contov.rs._ : & R

Lo F:.nally the influence on. the coupl:.ng ccei’flcient of a.uy bondmg
' straps tnat axe connected acToEs the ,]o;mts is conss.dered. RN




(e 1980)

Topcloglcal Vi g
W Graf and E F. Vance_

System topology was first: roduc ; .:”:_ id to the ana1y51s of the

C'gystem: response to. 1nc1dent EMP 1” It has: sinde evolved iatg: powerful

“tool: for. s1mp11fy1ng very compllcated'systems inte: elements such as;
'transmlssion. lines, .~ : ]

__The concept of Shle :

_”system hardnass.,; “The; des1gner can’ synthe51ze a sh1e1d topology ERAE
will restrlct penetratlon Of EMP: and lightning: effects to @ tolerable

eve1.3 In order to verlfy system hardness to EMP varlous tests 1n

'5111um1nat1ng the'"box"; current S, be: 1nJected onto the:: connectlng
_pable shlelds at. low frequenc1es to verlfy that the dlfferent zpnes are

; opolagxcal Concepts for nterna EM 1nteract10n
Trans. Ant and Prop. Vol_ EMC—ZO PPy 60~64, (February 1978)

3RO fVance, JoU R Nanev 'z nd gL TA _August, Techn1 al’ Inputy and
EMP.. igh’ Practlces for Intrasite’ Cabilng oL Telecommunlcatlon
U Facilitiesy ” Final Report, Contradt DAAGEI9-76=C-0021 SRI PrOJect 4587,
SR Interuatlonal Menlo Parky Caleornla (Jun 1977) ¥ S

3 4. Es F. Vance and W. Graf, Topologzcal VlEW of EM
;Testlng.

'-Susceptlblllty:;:.
Proceedxngs of the 1980 Sprzng FULMEN Meetlng, AFWL (March.;:f



“AND AFTER HARDENING -~~~ :
S James V. Locasso
‘Rockwell International .
3370 :Miraloma Avenue ©nil
“Anaheim, :California :9__2_803

A COMPARISON OF TACAMO EMP CURRENTS BEFORE

"7 UDATA has been taken on the TACAMD @ircraft EMP. response in
“several tests ranging from a direct drive fest:in 1975 to.the

e L a80. Th ‘this 6 year period the TACANO has

" .Pata for other @ircraft are also presented for their general. .

._':'_b_&en :-ha'r_d_EI'IE_d by :_(a} B. set O'F POE :_C'E_O.Suy‘e_s_ o ohe pressyt‘e. has
“and {b) a later ;'se_t._-_Df.':harden“ipg_moq-j_fj_catipns inside ‘the hull.
“Direct comparisons -of ‘the.data .are limited because .of .changes -

.'fj”ftﬁSt;m?tth;;test'ppi £s and TACAMO configuration.

| Tnis paper presents a comparison of the different data
"“sets using 4 ‘cumulative plot -0f current magnitudes.  Hardening
““improvements show up clearly -and can be approximately ‘quantified

~Anterest.




- AIR LAUNCHED CRUISE MISSILE EMP. HARDWARE/SOFTWARE DESIGN:

- Charles A. Rolfe
Robart . Marett
A]an M. Sm1th

“Bee1ng Aerospace Companyf%
“P. 0. Box 3999 N/S 44-66 .
ZSeatt1e Wasthgtﬂn 981245"3_

;1The Air Launched_CruTSe Missite _ALCM) -.'str te 1c missi
“ Taunched from & B-52 Soie. distance from its target ;TThe AL
then flies a p1anned route to: 1ts tdrget asirg an on<boird:
computer: in; ‘conjufiction. withinértial-and terrain match1ng nay
Tgatton systems

The Boe1ng Company has d931g :
Missile: to comply with stringent government e]ectromagnetlc puls
environments.i M1n1m1z1ng costy. voTume, "and weight while' compTying”
with: requirements wWeré the criteria’ used to. provide dur:present
“designyicompliant with atl e!ectromagnet1c'pu1se requ1r ient

~and software des1gns saTected: to enstre: comp11ance With: frée field
" and derived requirements. We describe’ the missile: structure: sh1e1d
1ng désign, the cablé/electrical equ1pment ‘shieTding designy the: .
interface’ circuit ‘protection desidny-and the missile software ipset’
~protection: desigi. ’ We also- descr1be deve10pmenta1 testfng 1ead1ngr
1o the se]ected des1gn. : :

u:._Th1§ de51gn has been vai1date yiqua11f1cat10n ana1yses 'm15511e
“Tevel:direct drive: qualification: testing: performed at SeattTe, and: 8
‘missile !evel free field quai1f1cat10n test1ng performed at. the_AFwL..~'a



T T ACAMO, LESSONS TN THE
: ,PRACTICAL APPLECATION oF et HARDENI&G; ﬁ A

. L{]qurpe f-_"°'”h

f.RDCKWELL INTERNATIONAL
3370 Miraloma Avenue - il
' Anahe1m, LA - 92803 :Q"j a

""ABSTRACT; ._7

L ; The TACAMO EC 130 a1rcraft and commun1cat1ons p1atfonn
¢3fhave heen EMP ‘hardened using a successive Tayered . approach ;
s The results tof ‘this hardening experTence veveal practical. i
i 'challenges ‘that must be considered in ‘hardening of comp]ex jj” i
ok lairborne systems. “This : summary ‘of TACAMO hardening reyiews S
o ithe critical elements of ‘the EMP- ‘design :and h1ghlights the

*cha]]enges encountered 1n actﬂai app]acat10n :




EMP Harden1ng'oF_NATﬂ-Communacat1on She1ter

Andrew Kleczko'
fAutonetics StrategTC Systems D1V1s1enﬂ
3370 M1ra}oma Avernug: :

: The. approach taken by Autonet1cs=to EMP harden1ng
cthe 23 NATU Commun1cat1on She]ters throughout: Western: Européiused:
; ' nd shielding: - This: technique

”;15 usual]y more effect1ve than: any ong’ “techinique: alongi: Shielding
‘aloné: could réquire; sh1e1d1ng ‘effectivendss ratios between 60 db.:
fand 120 db’ which are; ‘difficuli to aéhiéve thraughout: ‘operational
: o Filte's*'by themselves ¢an be. exceed1ng1y heavy: when:
“used:oniT Tnes: Jnormally’ regiiired; to handte: Righ?powerr: throughout, or
“when de51gned to filter high-energy: transients.. Surge:protection:
“devices: (espec1a1]y ESATS ) Cdn; generate! hzgh frequency: ref]ectlon
‘along the 1ine; due to the: sudden- SHOTE: utt" created d wo

r10 to' development of the hiardware,, preliminary. ana1ys1s
Teffort was: required: to: provide’ hardngss 1mprovement requ1rements
“The  EMP hardening approach began w1th. helter harden1ng deSTgn
: uscept1b1]1ty analys1s“o

Ut11121ngnthe system unctional analysis:and suscept:b111ty analyses
fa]ong w1th the cabTe coup]1ng pred1ct10ns and antenna response ca!cu]a-- i
. . G o N 3 d B h p

Atonetics hd desxgnedfand hu11t he EMP Penetrat1on Panel wh1ch house i
s the EMP Hardening Protéction’ devices at the shelter inierface) Autonetzcs

- has also designed and: deve?oped EMP! F¥ae’ Figldi Threat: Level Pulser and .
“a. portable: Array which will be‘used to conduct an EM. Free Fiald and &
. EMP D!rect Urive Tests ”the NATO Communlcat1on Shelters-:antenna




©Title:  Computer Simulation of EWP Protection Circuit Transients .

: Auther ks i( L . N! ‘111am5 W

. Company; . :-McDonnell Douglas oo

oot 53070 Belsa Avenue _
UG Qe 3 T
Huntington Beach, CA 92683

“UoA computer simulation of ithe LC-zener EMP. protection network was . ...:
“~‘developed .to determine the network attenuation characteristic, which - .t
cosis used in determining buried circuit upset thresholds.  The .computer ...
. tsimulation is.useful ‘as.an‘alternate to the ‘previously accepted .-l
wimethod.  The previous ‘method ‘assumed that “the voltace to the load il
“had the Torm of .an ‘undamped sine wave with peak "to peak amplitude of 00
“twice /the maximum zener 'voltage, ' The simulation shows . that ‘there i5.
;Jessjhigh;frquency.con;ent:and_therefope:jess'capacitive;tpupling'f:“J;.
““to buried ‘circuitry ‘than previously -thought. :To aid the .analysis of .-
Cosl o magnetic ocoupling the ‘computer simulation :calculates successive values
~pf the current through ‘the LC Branch of the network, . toni o of e i

i The -computer.simulation Uses ‘a HP.9825 and ‘was ‘developed in_ Such:a way
“ithat the SQurcéfVuitage,*ZQner;vo]tage,'source;résistance,izener:';f
. itresistance,’ initial voltage ‘to ‘the load, initial current, inductance, "

“:.capacitance, pulse width of:'the source ‘voltage, and .delta toeanall o
_-be_input}a}}owing=max1mumJVQrsati1ity,[}Ihe_outputfofrthe_simn1ation' S
"isa .graph which. is.drawn on.the HP9862A plotter which shows Vin, Vo, ..
wand 1 -as ‘a function of time. ™! S e e T e

cPuring EMP-qualification testing of.ione system the ‘computer ‘generated ..

" :graphs of Vin for the LC-zener circuit were compared with actual Vin oo
“traces seen during testing,'.The comparisons show the computer simu-..

~lation to be a.very close approximation to the ‘actual:network charac--
coteristic. Tl T R




The performance of some com.monly_ avallable spark gaps and : :
metal~ oxide. varistors: as limjiters: for EME; produced tran51ents -
C has o been: 1nvestlgated Trans:.ents w:.th rates ot voltag
'-.ZrJ.se hlgher than 200 kv/us hay 1 U




'EFFECTIVE TELECOMMUNICATIDN SIGNAL LINE PROTECTIDN ff'
FROM LIGHTNING AND EMP =

o, MELVILLE CLARk o

General Semlconductor Industrles, Inc.. W
s Pl 0, Box 3078 AR
: Tempe, Arizona 85281 Ui

-ﬂTran51ent voltages in telecommunlcatlon 11ne5 caused by 11ghtn1ng are R

::characterized by, microsecond rise-times and with peak currents ‘of up |
Cto -several kiloawmperes, . ‘Nuclear Electromagnetlc Puise (NEHP) ‘can [:'_
produce peaL currents.also/in the kilcampere range but with’ nanosecond

irise-times, which s several orders of magnitude faster ‘than 11ghtn1ng R
T iBas Csurge arrestors juniguely coupled with 'silicon transient. “SUDPPTESSOTS, -.--ﬂﬁ
i have demonstrated effective clamping -of both 11ghtn1ng and, BMP.to low, il
. isafe.levels. ' The slower acting 'spark gap diverts ‘the bulk.iof tha energy;j.?i

.fﬁ;the series resistor and 1nductor along with the ‘'silicon suppressor..;Anzﬂ
“inducter of only 10pH will build up several thousand volts Tequired to

:;}whlle the fast’ ectlng 31llcon suppressor clamps the re51dua2 voltage
jsplke._g'f__ : : : SR

'fImpulse strlklng voltage for the gas surge arrestor is developed across;

i fire:the jgap for fast rise-time EMP.and also slow .down the wave front L

.'_;Evaluatlon.of the peak powe

";=phy51ca1 1ayout for Optlmum performance.

-:to reduce 1nduct1ve effects in the 5111con suppressor package., Q_f{

and cnergy consumed by the components under
csimmlated field surge, condltlons shows. that overstressrng does not occur

sand that good. rellablllty for assemblies can be expected, “In the event = ’

. 'of overstress, fall-short will occur ‘to protect.the system. | A review of_yﬂ”';

Sdesign conssderatlons will include circuit operatang voltage, insertion

“loss, phase angle dlstortJon,_rlse and fall time, ‘and transient voltage 3;"

-rithreat, 2ll of iwhich determine Compenent. electrlcel parameters and

- Protcctor assemblles as descrrheé above have been dc51gned 1nto several

iimilitary programs 1nclud1ng the Alrborne Command Post TENLEY GMP, and.fe"

.ULCS:._::




oST 'SURGE ARRESTER

A BINDINGS
I PROCHAZKA

§ Army lectro ics Research and
SR Developmant Conmand:-:
Harry Dlamon& Laboratories

for szngle wires
blndlng-posts, it
w1th Zeto: le
surge rreste




A]vcraft Controi Cab?e EMP Trans1ent '_ S
ﬂ;_'. : Suppressing Pevices . R T UL
_Lar‘r‘y Scott ‘Ashok K. “Agrawal and John Bamum
R "Mission Research Corporation o5 Y
*'-{1400 San Mateo Boulevard S. E.”
Sk Suite A R
A buquerque New Mex1co 87108 S

-_Tom Liu3: i
. SLuTech R
j;Post Office Box 1263

2127 University. Avenue :
Eerke1ey, Ca1]f0rn1a 94701

Fa On many a1rcraft there area s1gn1f1cant number of conduct1ng
;contro1 cables.  EMP, energy, tafter penetration.of the: a1rcraft
Chull, will couple to:various .wire:bundles:as well ‘as ‘contrgl :
-icab1es “Although ‘the . control ‘cables may - ‘nok. be connected d1rect1y-'
~to. e]ectron1c eauipment,’ Ainduced currénts on them.can ‘couple
energy ‘1o nearby. ‘electrical ‘cables ‘and thereby -damage ‘important :
_'h813ctron1c_equ1pment._ dn: the past, severai techniques ‘have been
“tried to.suppress. these 1nduced currents on-gcontrol cables with:
Aittle apparent success..In this paper-we present -a systematic.
~study ‘of this ‘probTem, both exper1menta1]y and ana]yt1ca11y, s
Soito 'evaluate tthe effectiveness of wvarigus . transxent suppre551on
: _Tdev1ces current1y used and contempiated_ g

B The devaces dascussed 1n th1 paper ‘are eva1uted both ana?y

ftrca1¥y and experxmenta11y in ‘the *1aboratory.” These “inctude.

. dielectric ‘insertion ‘devices ((DIDs), ferrite beads, lossy d1e1ec

Lo htpdes, DIDAndn A wavegu1de etc. Ind1cat1ons from P simulan
yt]on tests p01nt 1o.the fact. ‘that DIDs may not be ‘very: effective RN

i suppressing. trans1ents on controI ‘cables. The same is reported_-ﬂ-.f~f.

g[fer short1ng pu11ey5 ' :

T ?hese trans1ent_sup9resszon devaces ‘are pr}mar11y character—;
-a1zed [inthe Jaboratory by measuring the characteristics 'of @ -
- transmission line loaded at periodic ‘dintervals with the devices.

. “The ‘losses :introduced . by ‘the various devices on the: line are

i compared in-this ‘paper. - Furthermore, ‘the’ ‘attenuation per-unit
“Jength ‘of the. per1od1ca11y ‘1oaded ‘1ine is also: calcylated for

Seompari son. Exper1menta1 and ‘analytical results for.all the

Josotransient suppress1ng devices ‘considered are presented w1th

i:_'-suggestions for 1mprov1ng the1r effect1veness._;-. :




i fABSTRACT” : This'paper describes a generic approach to the EMp protection :
cof hardened shielded” ground facilities from surges; propagated along 1ong
: ”exterual donductor il 48 power ‘ot communications cables.

S ap, ‘which divertsfaurge current
“shielding shell of i thHe: facility and By A Filtsr whieh 1ntegrates or:
reflects: energy Thade: Burge: protection devices wiist be capable of:
protecting the equipment in: the faoility against multiple events,;s i
Casreaused byllightning, high' altitude burst’ (HAB) nucleéar:‘event:;
“surfadé burse 5B ): nuclear events which would occur_in a/gbt Of

facility are, examples of auch;acenar'o o
;.terized by damage to; the conductor
.systems of which they are a part

';.however do: st 1A ma“ne
the fac1lity

3 provided as two cascaded sete._ One; designed for multlple operation,:and
probably consisting f.a gas«filled ‘spatk gap ‘and: Eilter, should be i
3preceded by an: Absolute Limiter, ‘designed: for: 31ng1e—shot operatlon ‘a
crar highen surge lavel The Absolutc leiter could consist of & molfdsein
'dlelectric spark gap, TofT g S

shorter’ tlmes. CAT parallel arrangem Tt of the” two types of gaps caf b

‘desighied: in: which the gag=fillad gap” 11T fire At all input rates

cVassociated with normal'lightnlng, HAB 61 SB Cevents but where the: solld—;
dielectric gap wiltifire for’th 'extreme input ratea o "super—llghtning,

: near—miss SE or-other events: of “exirene m Lo 'the solid-dielectrie
- gdp can be designed to £ail’ shorted “Aftet firing thus providing permanient: :
o protection after: stich aii” event) unlesg the cliftent’ delivered-eXceéds’ that >
- reqidred to volatiliza the" conductor._.”he ‘eventual outcome. “of the' operH=

S tdon of an’ Absolute Limiter would bé that the conductor would be openedV

by volatilization or shorted te’ gréund by the solid-dielectric gap or'
S bethdfter dnéxtrede’ event s providing contlnuing protection for
.'the equipment in the facility;_' . S R

gl




DESIGN PARAMETERS FOR HYBRID _TERMINAL_
: -PROTECTEON DEVICES i B

. "Robert.V. .Garver. & Christian Fazi '
. 8. Army Electrenics . Research &
‘‘pevelopment Command R
Harry .Diamend Labcratorles‘
12800 Powder Millc. Road,
'}Adelphi;' :

': AESTRACTJf- -A hybrld termlnal protectlon devxce"iHTPD):f'3

consists of 8 shunt 1spark ‘gap - to “reflect high enexgy; 

3:followed by. a shunt semlcog@uqto: 1;mlter'to_xeflectgthe;,;7.

Jenergy leaklng past the_ ‘spark.igaps.’ gﬁwwo_ffactcxs tare .

Loreguiring . “the . HTED ' be . used . more' than in.i the. past.f;

Integrated. 01rcu1ts w&th lower ! damage thresholds axre 'being

Cused i more in systems, and the._lcng tran51ents of. Aow

 a1t1tude EMP requlre protectlng ‘devices. that ‘can’withstand

“higher ‘energy....The HTPD arkt requires.: that, an 1nductor or.- a:_f

delay -device . be placed” between. the 'SPark gap and the
'lsemlccnductar limiter . to prevent ‘the ‘dimiter. from ‘hogging

.3the current of the txanslent, keeplng the. . voltage  too low.':
ko initiate . conductlon in the sPark gap,, and burnlng ‘itsedf -

_:(the.llmlter)fout. But the HTPD art -prevides . no:design .|
~eguationsi for . selectlng ‘the: 1nductor,f and : 1t__does not
‘describe rurrent re&lstrlbutlon after. 1im;tlng, which ‘can .

iinitime S lead. to “other rmodes 'of JHTPD damage.gﬂ"Design_f.f
f}parameters for. the BTPD Will be presented as well -as gample ':
Wappl;catlons for protectlng ‘tactical ‘radio. transmltterj'

Lin e VMOS8 tran51stox anﬂ protectlng ‘the ~WD- 1 Field w1;¢ radio .
'5:1nput with long trans;ents on the. llne.;V"' FE R S I R




" SCALE MODEL MEASUREMENTS

-Va1d1s V Liepa:
: Radiation; Laboratory: U
Department ‘of Electrical and Computer Eng1ne ing:
The Un1vers1ty of M1ch1gan G :

g v
anechoic chambers pr0v1de'an important. 1nput toi the program “of hardnes'
“dgsessment of a1rcraft nThesa data dre’ lised for simulator prestast:
“analyses “dnd a5 a datal base for extrapo]at1on ‘of: the simulator data: to ;
the freeispace. envivonment, ' They are uséd in.verification of computations’
‘and ‘nuferical %S YAyt ample data: for extract1on of character1st1c '
ol S from frequency-doma1n-d't i

s The purpose: of th1s presentation is to prov1de to: the present
;andrthe potent1a¥ usersiof Un1vers1ty ‘of" chh1gan ‘scale model data: an
overview of what these: data:aré; how they dre obtained and. presented,.
“dnd: their Timitations’ and shortcomlngs “The medsurement: facility: and-
‘its operation is descr1bed, including: the anéchoicchamber and:jts? :
1nstrumentat1ons that gover: 118 644007 Mz Fors examp]e ‘on: fully scaTe
: 18 0’ 44.0 Miz: coverage ‘when: a: 1:100 sca1e model

St Samp]e'me Suremants. are p nted from the Just: compieted B-52 S
and F-16 progransy, and sirface curient data ave’ shown for: the first time .
“ranywhere: for: the upper: main fuseTage and the' r1ght Power un1t of thei L
CULSS Enterprlse P _ : :




" additional insight: 1nto ‘test ‘ohject/simulator. interactions, t1me-doma1n

 f-The obJects include 2 cy1znder a crcssed cylinder,vand a 1:100 -
winvsimyl ated free—space environment :and inithe prox1m1ty of a: perfectiy
'- jte the frequency doma1n, ‘and -analyzed ‘via 2. Yipear.least-square -

I.istructures.5,

SURFAEE FIELD MEASUREMENTS GN SCALE
MODELS IN THE TIME DOMAIN :

" S H S Cabayan, R Zlcker i
Lawrence L1vermore_Laboratary, L1vermore,_CA 94550

" m1n order ta prov1de a2 data.base for: compar1son wuth ca]cu]atzon and

ifmeasurements have .been performed ‘of ‘surface ‘current and ‘charge induced -
'on ‘three scale- ‘mode 1 test ‘ohjects ‘at the [LL- transient. range srmu]ator.

< scale-model 2747 -aircraft: i Responses were measured for: obJects dn. a3
conducting ‘plane.” “The. measured t1me—doma1n data ‘are Fourier: transformed'f

o estimators algorxthm *0 extract ‘the complex natural frequencies - of : the i

o gIn th1s paper, ‘the test obJect and experrmenta1 -up. wa?] “be iy
2 described. i The, timeuduma1n cand, frequency~doma1n resu]ts in add1t1on to R
iivthe pole. ana1y5¥s will be presented -Finally, the data will be! compared SREES
s vl . data obtained .at the. Univers1ty of Mlch1gan Jand. to ava11ab1e R
'=.numer1ca1 predactions, ST SRE : LR

ménf'6¥'Enef§}'by'f
. W-7A05-ENG-48.

ork performed under the ausp1ces of the U S Depart
the Lawrence L1vermore Laboratory under Contract No.




E-3A' DIPOLE 7EST PROCRAM DATA EXTRAPOLATION TECHNIQUES:

3A Dlpo &
_Test Program . overall surface response extrapolatlon with -
"assac1ated €

?double exponentlal'f e tion: approx1mat10ns for: both the: i
“crlterlon and‘simuiator 1nc1dent fields.: The 1nC1dent fleld

of: extrapolating dat

H:fdata to the fraquency domain, multlply by the approprlate

- dominant: resonance frequenc1es.. The scalar rat1os a

::extrapolated to measured peak valies: (in theftlme domaln};.
_w1th1n edch: category are very similariiy Thus, measurements
“within each category; can be: extrapolated using a single

: alar” extrapolatzon factor.

. assoc1ated w1th extrapo i can be" ascrlbed;,_f:'
to thrée Source: measurement o Ingtrumentation errorsy

“da¥aprocessing’ ertors ;) and’ fundamental’ extrapolation error

. The: undamental extrapolatlon”error ig" the: result of:
f31mplify1ng assumptlons in the extrapolatlon nethod: itself

-+ The: total: éxirapolation error.is Mot small; and’ leadsito’

' j31gnificant uncertainty in conclusions drawn from extra—3_-
'polated measureme ta : :

S T — T ST SR R
W';_The_wo:k'was performed under Contract No. F29601-78-C-0082:::.




o :'EMP EXTRAPDLATIDN FUNCTIONS FOR THE TACAMD_ e
S C-130 AIRCRAFT ol

£dward E 0 Sonne]l
- “Prem Setty - SR
Sc1ence App11cat1ons, Inc. -”
2860 S. Circle Drive, Ste 2224
Co10rado Springs C0 80906

e Durtng the TACAMD EMP Assessment Test (TEMPAT i} ground and aurborne_:f
: }'surface response data were obtained for the C-130 aircraft. In add1taon,_.-
‘scale model: data were. obta' by the Unxver51ty of M1ch1gan Rad1at1on

'f'fLaboratory {1]

S Us1ng these data, a set of symmetr1c and antrsymmetrlc extrapo1at1on
.;fuact1ons {Type 3B, Ref 2] “and -surface ‘response errors have been, derived '
“for ground tests :in-the Horizontally Polarized Dipole fac1?1ty and 5

s flight ‘tests near-the Vert1ca11y Polarized Dipele facility.: Three
':.L~methods for determ1n1ng the extrapolat1on funct1ons were. used

51ng HPD as the 51mulat1en and scaTe mode1 data as ;J_EV?Z--ZL
he cr1ter10n R L e

'  Us1ng HPD as the s1mu!at1an and the f]1ght test data
';as the cr1ter10n‘ . 5 RS

'_?Us1ng f1rght test as the'”
~'_data as the crxter1on'

‘f"ﬁ??tioﬁ_and._ tfhéj s__caﬁTe. fm'od.eT

S Data w111 be presented for a]] three methods Average extrap03a~ SN
etion funct1gns for HPD - range between- 0. 4 and 110 over the frequency. SR
“_trange of-102.:to 10 “Hz,~and for the. f]ight test, ‘the -average wvalue -~
iiofithe extrapo]atron functvon is approximately . 100 “The unxform1ty .
oot of the £1ight ‘test functions . indicate that. flight, tests may be a: o
'I_,-prom151ng method of £MP 1mu1at1on for a1rcraft . S
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U UNCERTAINTIES IN EXTRAPOLATING EMP TEST DATA = . ..
- TAKEN ON_ONE-AIRCRAFT TO ALL AIRCRAFT OF THE SAME TYPE . =

D. E Merewether
CURSUBLCogk
R w Cox G

E1ectrd Magnet1c App11cat1ons, Inc. ﬁj_eﬂz o
Ciia P 0, Box B4R SR
A1buquerque, New Mex1co 87]98
ﬁPhone‘ (505) 265 3538 L

f Abstract

REAE Dur1ng an. EMP test of -an a1rcraft £y 1arge number of w1re current
-W}measurements 'will. be made that will’ a]]ow assessment ‘of the EMP. surviva-.
bility of ‘that. part1cu1ar ‘2ircraft. However; usua11y our-interest js.iip
. 'the ‘more -general .guestion of the surv1vab131ty of-any.aircraft.of that

same type.. This, extrapolation: requires :assumptions about: the 51m1]ar1ty
iof the aircraft “that ‘are often taken For granted.In this paper WE
" focus attention on the .question ‘of how much the differential ‘voltage on al
“pair-of -wires within:a cable would depend upon “the refative location of.:

the pa1r ‘withinthe cah]e._ Since ‘there s’ always . at least that: much o
souncertainty sin, the cable’ geometry, “the_variation .observed: here is-a 1ower LR

~bound on. the uncertaxnty 1n the alrcraft to f]eet extrapoiat1dn pruces '

SR WE have approached the prob]em An. two ways fwrst by mak1ng a Monte; gy
T;£ario type. of analysis ‘of ‘the variatxon in response of nine. samp11f1ed R
uicables ‘made ‘up jof straight: ‘conductors, 10aded on each end w1th almost -

?j{balanced ioads Second1y, we ‘have -examined.a small sample of measurement
-o.cable responses taken dna s1ng}e a1rcraft On Halmost identical’. cab]es i
Pt enmdandtm mths :

+.compared.




CURRENT DENSITY oN; A CYLINDRICAL
SCATTERER AEOVE A GROUND PLANE

G GARY I.-HOFFER :
Kaman Seéiences: Corporation :

'.fP 0. Box T463: i
Colorado Springs, Colorado 80933

L Results are reported here ffa calculation of: the ‘current: density
L induced énvan Infinitely long, perfectiy’ conducting circular cylinder
'paralleél foa’ perfectly conducting infinlté ground plane by ai electro-a
maghetlic plane wave with' the electric Vector parallel €6 the cylinder ™
axdsi This study wes motivated by adesire: for a better understanding
“ofthe magnitude and” distribution ‘oft BMP~induced currént on an ‘aireraft )
; u;parked on''the’ ground.; Bombardt‘ has calculated the ‘current’ dénsity for -
ar cylinder over gfound for' thé cass when the distance from- the cylinder;f
5 'to; thegroimd ‘plaie i ek greater than the cylinder radiugy; Taylor2 :
: has’ determined the: ‘efrcumferéntiall digeribution of an arbitrary current:.
on e eyiinder above géound: in’ the: statie Fmi¢ THe: solution predenited
hara) involvag: the. - replacement: of tha’ ground plane with 'a second: ‘eylin="
rder representing ‘the image The problen then becomes nearly ideatical
tol that of electromagnetic ecatterlng “Eroim two: parallel cylinders, a
:-fsubject tredated by many: authors =% The! formulation used’ {s’ similat to:
'ffthat emplayed: by Olaofe. “Theincidént: fleld: was; expanded in: Bessel'
finctions and: the geattered field in Hankel ‘funictions. ‘The:axfal:
Ceurrent! density on: the cylinder surface isi'caleulated; and cutrents:
.”from ‘the’diréét: and réflected waves: are; superimposed.- The: resulting
=expression for thi: current density is examined’ in the limilt kadly:
K<l whidra k is; the wavenumber, a’ Y187 the cylindst: radius and d:is the
‘geparation batween the eylindersi The resulting approximation for the
fcurrent density i :

Eﬂz [sin(kdcosﬁ)
foldfa)y i

CUof Frae” ‘Space’y Gis theazimathal angle on: the: cylindgr measured Erot '_

__':the lina: connecting the: centers of the. cylinders,'and 6 ig the inci= ..
- dénce:; angle of the field measured from the 'same’ 1ine.:: This résult is’

s idéntdidal to that of Bombardt! (Refir 1, Bge 29)° except for the’ summation_li
U over the terms (a/d)ncos(nﬁ) : ?hese terms lead tora circumferential ’

::l. o :
; ";'Current o’ d Thin Cylinder Above 4 Finitely: Conducting Half Space£
g AFWL_Interaction Note, 11%,-Jone 1972.:_._..

; Taylor, "On the Circumferential Cutrent'and Charge Distribu“::
“ticns of Circuldr Cylinders Neer ‘a Ground Plane," AFWL Interactiong

L Note 138, March 1973, i

'f.yG 0. Olaofe Scattering by Two Cylinders,f.Radio Sci., vol 5
:no. 11, pp. 1351 1369_ November 1970. : : .




A CORONA MODEL FOR PREDICTING THE EMP .
" “RESPONSE OF INSULATED CABLES %

: R. A. Perala and S R. Rogers ;ff SREIA
e Electro Magnetlc Applrcations, Inc.

1990 So.-Barrision Street B
SPL0. Box 26263

R ; Insulated cables often provrde poxnts of entry for BMP 1nduced

'-'jenergy into fac1lities or equlpmente of various kinds. .. 'These. cables

may -be ‘either ‘elevated above the_earth‘s surface or they may lle -
”_dlrectly ‘on the surface : : s : :

o anear results for the EMP 1nduced voltagee show that alr .
'5breakdown tan eccur dn the vicinlty of ‘the cable,’ ‘This corona. hag
s been. largely neglected in prevzous analyses.n In this paper, -a 51npl
i ieorona model s, presented and results for both elevated and 'surface
“:gables are given for several angles of inc1dence and polarizatlon and
Hf'for the cable both thhln and out of the souxce reglon._ S

The corona is ba51cally treated ‘as .a CDnduCtlng sheath whlch
..exlsts around the cable dlelectrlc._ “The ‘sheath's thickness ‘and
fconductivity are tlme varying and monlinearly dependent upon the
_'-cable voltage and ‘any incident’ radiation.: The ‘sheath conductlvity
'is determined from a monlinear air chemistry formulation which
'ﬂ-1nc1udes the effects, of electrons, positive and negative dons, attach-_ :
ment, rates, avalanche rates, and recomblnetion.i The nonlinear -sheath ...
1s then treated as a. second conduct _transm1551on 11ne formu—f S

'5 #Work sponsored by Harry Dlamond Laboratorles under
Contrect DAAKZl 80 C_OBO& . ; RS




oF _ECTRIC BREAKDOWN OF CABLE JACKETS BY.
IGH—VOLTA{;E:' “FAST: RISETIME PULSES-'

.Berkley and'J Sweton

Adelphl MD':20?83

; : to long
surface cables exposed h) tactlcal EMP skeitation: show'that the @
: it the shield ‘of the.cable and: ground ig of
amplltude to cause dlelectrlc failure of the cablex

'presents experimentally obtained data
“of “cable: Jacksts]

_reversa ; and_data on samples af the same type o :cable from
different manufacturers.




CABLE SﬂIELDS WITH PERIODIC BONDING

- ..-.ch Yang AT LR
Tha Dikewood Corporatlon
_Sagta quxca,_CA__90405

'f;;-A two—layered cable shleld w1th perlodlc bonding and exc1ted i
co-either discregely or. dlstrlbutedly is analyzed cIt:is found
ﬂ'tthat ‘the ‘bonding straps. ‘improve ‘the overall shleldlng

'-effectlveness ‘of 'the .cable 'shield ak: certain frequencles,
but degrade the effectiveness ‘at others, “In the case of
distributed excitatlon, the effective. transfer parameters i

ofa two layered cable shlelé can generally ‘be calculated from .

[51mple circuits. Tbese circults can, be easxl' xte d d for B

;”mnltlulayered cable shields..

SRy ﬁ' - e T S T A T
~-The work was performed under Contract Ne. ‘F29601-78-C-0082.




COMP!_JTER MoDEL AND IMPULSE CURRENT INJECTIONS FOR UPTIMUM
: NEMP HARDEI\EING OF. CABLES g

transfer 1mpedance measurew
: 1n'short cables. A measurlng system
fcomposed ORI L by
S followed: Hy: s tradsisn] B
5advantages X ansfer 1mpedance by 1mpulse eurrent
-1nJect10ns ara: 1) ‘the! pOSSlbillty Gf médgtiring: the heavyly shlelded
-‘cables (which i "'dlffmult id oW tes‘tlng) a.nd 2) the fs.ct that the

'-“;ents are already' nowhy Tha transfer 1mpedance measured by'the friaxial
flmpulse current 1n3ect10n.system 14 combined with' the analytlcal method.__ﬁ
'-to compute the 1nternal voltages and currents for a glven tran51ent

Harry Dlamond b, Washlngton DC Nov. 1971

B Vance;f"Couplln o Shlelded Cables A John Wlley & Son
'New—York 1978 : : X




Shie]d1ng Tests for Bra1ded CabIes tn the
100 MHz - 40 GHZ Range CRN

* ‘garland T.-Smith

21 iRockwell International -

o2 3370 :Miraioma Avenue

'f-Anahe1m, CA 92803 -

E1ectromagnetrc sh1e1d1ng tests, 1n the past have heen very :
',-thorough in_determining "shielding effect1veness" or transfer w R
~-impedance’ characteristics of braided shields.up to 100 MHz. “How-.
oever, many new gavernment documents are spec1fy1ng requ1r&ments up '
-_fto 40 GHz ” 3 SRR SR :

Th}s paper presents the results of testing a mu]ticonductor.i

-?Ecabie including a ‘double. Iayer of meta111c overbraid 1n the frequency :r';-:;:

s range 100 Miz - 40, Ghz.’

: The test technxque cons1sted of radiat1ng cabie samples w1th a
transm1tt1ng antenna .and measuring core wire currents with .a spectrum

. analyzer. The cabie sample was exposed in.itwo.configurations, one With [N

.’the outer.shields intact, “and -the ‘other with the shields removed to. """
1-expose ‘the .core. conductors ~The difference 3n the two measurements 15
;-;1nd1cat1ve of . the shae]d effectlveness.v-: G :




T OPTIMIZATION OF THE: ACD. 'SENSOR E*OR
BANDWIDTH AND: PULSE_RESPONSE 3%

sors has become th .accepted sensor for measurlng electr“ca
fietds fromy EMPL aid 11ghﬁn1ng Awdy from the source: Yegion
Recent'lnvestlgatlon of" these sengors shows: that they do. 1
deed have: very good respons c_aracterlstlcs .much bette
Iyt ; ) = However, they do

'fAna1y51s ot thls effect has
ildentlfled 1ts_cause and thereby A method to ellmlnate At




:Thé_Raﬂiatidﬁ_ﬁeséqﬁ#ei@f_Harﬁeﬁed_@ﬁrfgnﬁ_Prebéé_iﬁ.fhe.CASINO.Sbgdﬁxum: e

C/rad —cm to the_radlav

'n'tlon responses.- ;

"-JA product of EG&G

: :‘A product of Flscher Custom,Communicatlons._fjf R




JAYCOR Del’ Mar, CA:

A ferrite Tyolated hardwire data'link has been: developed for usa; in:

-of Ceramic: Magnerics




-;f] exper1ment dincluded measurements ‘of ‘prompt SGEMP:singles '
“iand long ‘term (minutes) ‘survivability data.:This report

"h'xlncludlng SGEMP sensore, cabllng, groundlng, and Shleldlng€    

Abstract" _ P
Instrumentatlon for ‘an Underground Nuclear _; 5  USRS
' SGEMP Experlment B AN RO PEERE T RS

R Magor Russell H Bonn.;lfﬁ' :
'.Defense ‘Nuclear -Agency Field Command
Klrtland AFB New Mex1co 87107 :

i “In 1980 an. elaborate full scale model of the DSCS III  ”f
'-;satelllte was subJected ‘to photon XposSuTe . froma vertical i
line of .sight (VLOS) ‘nuclear explosion,:The scope .of the -

discusses the . development to support ‘this .experiment,




SHIELD "I‘OPOLOGY CONCEPTS A APPLIED

ST TA00 San; Mateo SE_
; Albuquerque New Mex1c

x ve. d d'flbe —opt1
2in EMP test programs to_transmlt w1deband analo

“shielded 56  the: max1mum ‘open
_1rcu1t voltage p0351b1e from the'external flelds igilesdsy
c:thans from: normally: ex1sting Voltages occliring in: this’ region_
Ssuch i ag o dlgltal controls,’ The 'innor volume,.whlch contain

SUthel edreuitrys ‘carrylng: th ta; 51gnals ~igshieldéed from: the

Crouter volume: 'S¢ the max1mum,1nduced noise’ 51gna1 1s much iegs
: than the smallest data signaliof 1nterest




i EXPERIMENTAL DEI‘ERMINATION OF ELECTRWAGNEIIC PUISE (EMP)
-:._-ABSORPTION oN. COiV[PLE’.X SHAPES B ¥ EEER i

R W Burton, Professor of Electncal. Engmeermg, ’Umvermty of
i olorado, Colorado, Sprlngs Austm Bluffs Parlm"ay, Colorado S
-.Sprmgs gey 80907 : :

iy R M. Sega, Instructor of Phys:.cs,

"USAF Acﬂétdenis'r”/DPP_;-USAF;f
ademy C0.80840. T

DL M' Ma.rtm Instructor of Physxcs, U_SAF .'AC%@@@/DF?-,"_USAE g :

- Academy, OO 8085;(}

L .It has been demonstrated that the mduced su:cface curr nts
o resultmg from incident ‘electromagnetic radiation produce I4R
. heating detectable ‘through thermographic. technigues. & method 15 o
- developed ro.predict the distributicn of; ‘electromagnetic energy -
Lowsabsorbed by an object as & Elmctmn of dts particular geometry.
.\ Intense 'areas .of ‘detected I°R heating’ can. then be 1dent1t1ed in,
relatmn to the ent:.re ObJECt RN

i ?rev:.cus StudleS have utl}.lzed J,mple geometnc shapes T
J heoretlcal and e:q)erlmntal analyses “fhese .shapes have included .-
the flat: plate ‘sphere, ‘cylinder; cross«»dlpo],e and combinations -
“theyacf, providing a data base from which the present experlmental _
:_techmques ‘have been qualitatively compared ~The ‘experimental
o ipestlts utilizing thermographic ‘techniques . show that the distri-
S bution of dnduced surface currents resulting from an impinging -
3 _-'electromagnetz_c wave .are detected inreal time’ through thermo— K
- graphy .2 Complex ‘shapes. incliding aircraft medels are ‘also
cexamined to determine the ‘effect onthe, electromagnetic energy
L absorption distribution as a function of orientation relative o !
10 the dndident angle of ‘the impinging wave The . dependeme ‘of
G _frequency on absarptxon d:.stnbutzons is . mvestxgated using fre-
Sl gquencies.of 2.8,710 and 04 GHz,'All ‘model ‘surfaces are of a ‘i
“-icomposition havmg a coating ‘of, hzgh emissivity on an msulatmg s
< Hlayer, such that -incident - electrcmagnetlc ‘energy 1s veradiated
ithrough surface. current productmn minimizing the thermal: conductmn -
interior o the ‘surface. Maximizing the ‘surface phenomena of: L
1o absorption then prowdes for the accurate determination by thermo—- -
NSRS graphy Of locahzed energy absorptlon from the mpmgmg wave

s :'I‘he use of mfrareé radlatlons and scaled dowm modelmg of
complex shapes provides the researcher or engineer with an
7 accurate ‘and rapid methed of ‘examining an entire object, with :
.respect to.the anticipated electromagnetic energy ‘absorption. The o
irechnique developed allows for exceptional cost .effective simu-:: R
%1 lation of potential design alterations of .the geometric factors. ...
" invelved in ‘the locatich and pos:uble redlstrlbutz.on of absorbed -

G e].ectroma,gnetz.c energy




- Instrumentation that cand

: COLLECTION ‘AND PROCESSING TECHNIQUES FOR HIG
: ;-SPEED ?RANSIENT EM DATA :

g 'E*;_-' "z'fc'ker - .
Lawrence L1vermore Laboratory, Lavermore,

Cﬁ:_9455b

i

giti _ana1og szgna]s w1th Frequenc es in o:_}f

the: Gigaherz range has proved: useful; in: acqmrmg transient:

”*:'_eTectromagnetzc field data.'The'digital prdcessing of this. type of datafﬁ

“ réquires: knowTedgé: af sighal. process ing technigues, the: acqutsxt1on

o “instrumentation and the: characteristics of:the exper1ment The v uTEs r

] squar

o of this combination of: spec1a1t1es are several data processing:
i algorithms that prove usefulin ana]yz1ng transient etectromagnet1c
datd. Some of the methods used are d1gi ai'f1?ter1ng and 1east mean;

est1mat1o .

j;The acqu1s1t1on nstrumentation: Lends to 1ntroduce measurenent. noise; andj:}
cspuriaus: data pointsi :The measurement: nafse: can,. for: examp]e,.
“drastically affect: the var ious methods of: ‘estimating the: frequency .
: spectra from the t1me domain’ data... One: parameter est1mat1on techn1que
' nd poor]y for another(

_ =pract1ca].met od and the techn1ques gaTned From
- eXperience on twa: differant prohlems. ’ Tha two probTems both: invol ed
- the medsyvement of transient: e]ectromagnet1c fields: ~The data was
'jco]tected with: two 'different acquisition systemsii: In both: ¢ases: we were¢
~able to! re11ab1y e]tanate or' compensatd: for the unwanted effects o
siintrodiced: by the acqutsat1on instrumentation: through Jmproved o
-exper iriental-or s1gna¥ processing” techniguesy: We concentrate pr1mari}y i
won the est1mat1on of the: frequency spectrum : ROE

: Work performed under the auspzces'o -the .S Department of Energyﬁby e
:*the Lawrence L1Vermore Laboratory under Contract No w 7405 ENG 48 e
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