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1. INTRODUCTION

This is th . third in a series of reports treating the multivire
- 

array and designed to aent the needs of an EMP vulnerability assessment
and hardening program.1’2 The approach to the shielded multiwire cable
is •xt•nded to the wire array over a grouril plane. A limited code is
pr•sent d tMt calculates th. wire current distribution , degree of wire
coupling, and the effective single conductor equivalent for an array
enclusiv• of end loading effects • Theory is compared with experiment

- for the cas of wire arrays near a less than ideal ground plane.

2. THEORY

For a paral lel—wire array over a lossless ground plane (and this
treatment disregards wire end loading) , the potential at any wire can be
written in the form

V
N
(x.t) — ~ Z~~ I~(x,t); M 1, 2, . a . H’ • (1)

• where I.~(x,t) • ~~e current on wire H and H’ is the total wire count.
With the ground surface forming the image plane, Z~~ is C in inks uni te) 1

z~~ (1/2wc 11250c) in (r’~~ir1,1) 
(2)

• where

- r ‘~~~~ — distance between Nth conductor and image of ~t~h conductor,

~~• r~~ distance between Nth and Mth conductor

1ff i~ohael J .  Vrabel , The t 4tiwira .~1zielded Ari ’ay—Theor ’g wid Code, -•
Harry Ditvnond Laborator ies, FIDL-TR-1873 (October 1978) .

:~~
— ~~~~~~~~ j .  vraiei, User ’s Mznual f o r  X WAR—A !4iitiwire .~zieid~d

Cabl.e Code for a Syst eme Oriented ~4P Vulnei ’abiiity Assessment Progr~ n,
‘

•~ 
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~~~ Mzrry Dtamond Labora tories, FIDL—TR—188? (!ty 1979) .
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(for N — H, r~~ — radius of conductor N ) ,

C — velocity of light in a vacuun,

c0 — 8.85 x ~~~
‘2 C2/n—m2, and

— relative dielectric constant.

This treatment is restricted to the case of a uniform dielectric
constant for the medism above the ground plane.

The potential at a wire over a ground plane is of the form

VN (x ft )  — X (x ,t )h
N

where

- a coupling term whose exact form is unimportant to this
treatmen t , and

• hN - th . height of wire N above the ground plane.

Equations (1), (2), and (3) define a set of H’ simultaneous
equations that can be solved for the relative current on all array
wires.

The impedance to ground of a single wire of the array is given by

[
1/I ~~

(x
~t)] ) Z~~1I~4(X

~
t) . (4) 

~•

Th. effective impedance of the wire array to ground , s.~, is given by

1/z.~ ~ 
I/Z~4 . (5)

From equation ( 5 ) ,  the wire array can be cast in terms of an
equivalent single conductor . The current resp onse of the equivalent
single conductor t rainatsd into its characteristic impedance can be • -

calculated using any single-wire ~ cP coupling code. If the effective
- 

• single- wire resp onse is )a~own , the resp onse of the individual array
wires with end loading and loss terms included can be calculated by the

• -• - same approach as applied to the aultiwir . thi .ld.d cable.
• •
• • • .~
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• When the array is over an earth ground plane , two significant
- difficulties arise :

V 1. The concept of transmission—line termination for a very lossy
-• systan is ill—defined. Since the development of a wire—array

code along the line indicated requires a calculation of an
effective single—wire response with no reflection off the

- - terminations , error is introduced with this calculation.

2. In general , the losses associated with an earth ground plane
play a dominant role in establishing the late—time response of
the array. Since a t ime domain code can handle such losses only
approximately, the array late—time response will be distorted.

Within the context of developing an EMP systems—related code, the
- present approach can be justified on several grounds.

1. It permits the development of a reasonable code to handle a
potentially very complex subj ect.

2. The uncertainties introduced by the late-time response are
• dominated by those resulting from other aspects of a

vulnerability assessment program.

3. The early—time resp onse , the region of most interest , is
unaffected by loss term uncertainties introduced with this - -

approach but rather reflects the acc% acy (o 1’ack t~~~e f ’
~ ~d

the single—wire code .

This treatment assumes that the cross—section dimensions of the
array are fixed and that equilibrium conditions exist for all wires.
The proper measure of the latter assumption is not the rise time of the
incident signal but rather the wire respor’ses as measured at either end
or, because all coupling relates to the response of an equivalent single

• wire, the response of the equivalent conductor .

• 3. A COMPARISON OF THEORY WITH EXPERIMENT —

Experiments were designed to test the predictions of section 2. The
experiments were performed at the Ikrry Diamond Laboratories scale model
facility employing a lossy ground plane composed of sand treated with a
solution of sodium and calcium chloride • Soil resistivity measurements
were not available. The effect of the poor ground conductivity is
demonstrated in figure 1, which shows the experimental and theoretical

• 
- • response of a single wire as a function of height over a ground plane ,

j  ~~ - all data normalized to the max imum height of measurement. For this and
all subsequent measurements, the signal source is a horizontal dipole
near the ground plane (angle of illumination 10 to 20 deg ) at a range of

I
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approximately 2 m. The measured response is the coupled early—time peak
current due to a broadside illumination with a 5—ns square pulse. The
rise time of the illuminating signal was such that equilibrium
conditions were maintained across the wire array. I -

~~~~~~~~

Mu SHY u OYE O~OUND PtA~~ ~c )

Figure 1. Comparison of theoretical single—wire current response ( solid
curve) over an ideal ground plane and response of a single wire over
treated sand ground plane (both curves normalized to the 45.7—an_. ‘• . •~• • •. e. •-  • • •. .• .~~~••. , — .height) .

Figure 2 shows the results of a series of two-wire measurements .
The plotted data represent the ratio of the peak response of a single
wire to the response of the same wire in the presence of a second
wire. The abscissa is the distance between the two wires. For all
points, the measuring wire was unmoved and the second wire was varied in
a vertical plane both above and below the measuring wire and in a
horizontal plane both in front of the measuring wire ( that is , between
the measuring wire and the dipole antenna) and behind it. The
measuring wire was fixed 10.2 an above the ground-—a region , as shown
in figure 1, where the effect of finite soil conductivity is becoming
significant.

A series of three-wire measurements was per formed . The geometry
employed and the response data are given in figure 3. The response was
measured as with figure 2, but with two rather than one additional• wire. The open circle indicat es the wire upon which all measurements
were performed.
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SI’S’
Figure 2. Ratio of current response 

~~~ 
of single wire in two—wire

array to current response (S2) of single isolated wire (measuring wire
fixed at 10.2 an above ground plane). Curve A (theoretical) and points
+ (experimental)——second array wire varied in a vertical plane above
measuring wire. Curve B ( theoretical ) and points 0 and •

• - 
( exper iinental)——second array wire varied in a horizontal plane in front
(•) of measuring wire and behind (0) . Curve C ( theoretical) and points
A ( experimantal)——second array wire varied in a vertical plane below
measuring wire.

Sit, was GEOwSTnY
tx~~~~~~~.TAL ThEOnET1CAL

0-•

0.54 OJI
Ill!

9.
0.51 0.51

1F!~~
• a

0.47 0.47 ,, ,,
.0.

0.43 0.47
F,,,

Figure 3. Experimental and theoretical current response of a three—wire
array. Si : response of a single wire in the array; $2: response of
same wire with remaining two removed. Drawings are scaled

• 
~.• representation of wire arrays (wire diameters not to scale): open

circle is the measuring wire—fixed for all measurements at 10.2 an
.~ “~ above ground plane.
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4. A CODE FOR AN INFINITE WIRE ARRAY OVER A GROUND PLANE

A FORTRAN code was developed to implement various provisions of this
development . Among its uses are the following.

1. In any parallel array of wires it must be ascertained whether a
single—wire or a multiwire array code is required . This is
determined by calculating the ratio

RN = Z,~~IN,/
’
~ Z

~~
IM , H = 1, 2 , . . . H’ (6)

for all wires. For RN = 1, there is no coupling between wire N
and the rest of the array. The smaller this ratio becomes, the
greater the degree of coupling. It remains to the user to
nelect the point where the single—wire treatment is no longer
valid (this jud geent being based on overall system
requirements) . One caveat: the calculation is based on a good
ground plane; for a lossy system , the level of wire interaction
becomes larger as the wire array is positioned closer to the
ground plane than is predicted by RN~ 

A more stringent
requirement for RN is required for an array near the earth than
for an aerial array.

I I
2. For special array configurations , where the wire impedances and

end loads are similar , a circuit ana lysis can be performed on
the array—equivalent single—conduc tor synthesis. An example of
such an analysis appears in an Army Corps of Engineers study.3

3. The code outputs the relative current distribution among the
wires for the infinite array case. While this fact has some
intrinsic interest, caution must be exercised in interpreting
these data since, for most cases of interest, wire—end loading
plays a dominant role in determining wire signal levels.

The infinite parallel—wire array code outputs - •

1. all input data,

2. the level of wire interaction ,

3. the relative current distribution among the array wires for the
inf ini te  transmission line , •

3F,’MP Disconnect and Proteotio ’~ f or  Con,nev’cia~ Powe~’ Feeders --Otis AFB
Pave Paws 1~zdar, U.S. Army Corps of ~ngineev’8, IINDSP-77-358-ED—SR (30
September 19??) .
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4. the impedance to ground for all array wires for the infinite
transmission line, and

1 5. the impedance to ground of the wire array for the infinite
transmission line.

The code input data are

- 
-

- N114 = number of wires ,

RA D (N )  = radius of wire N,

-• Y ( N )  = height of wire N above the ground plane , and

X (N) = horizontal location of wire N along the ground plane
measured with respect to any arbitrary but fixed
reference point. X (N) must be a positive value .

The code is designed to handle a maximum of 30 wires although this
li mit can be increased by altering the dimension statements.

Any consistent set of units m ay be used for all input data. A
listing of the FORTRAN program follows. Near statement number 6

• subroutine GELG is called; this is an IBM—supplied subroutine for the
• solution of a set of simultaneous linear equations. 

.. - • . - a.
DIME NSION RA0130), X 1 3 0 ) ,  Y1301, 1130,30), C0EFL~900), (01F11301DJM [ NS I[~ CURI3O), 11)30). ACURI3O )

• O IME NS1O P~ V O L I ( 3 0 ) ,  A BC E3O I
F C

NAME LIsTII. IsTa/NUM ,aao,x , r
C C

- - • C 4UM U THE TOTAL NUMB E R OF CDNDL ICTORS
C
C RA D ES THE RADII OF THE INDIVIDUAL W I R E S

• C
C ZEN ), Y IN) AP E THE POSITION VECTORS OF THE WIRES M EASU R ED W ITH
C RESPECT TO THE GRO UN D PLAN E AND W E R E  1
C

READ( S .L I S TA)
C
C

- WR ) T 1d ~~,22)
• 22 FORMAT ) ’ MULT I PLE P A R A L L E L  LI N ES ABOVE GRO UND... VA RI OUS PAIN .’)4 WRI TEI6,231

111 lb. 18 INUM
18 FOR M AT ) Z OX ,2O HP4 UMBER (IF W i RES ARE .12/ )

00 24 Pi~~I,NJM
W R I T E  16,19 IN ,RA DI N )

19 FO *M A TII OX ,ISHR A OI US CF WIRE .12,4H IS .110.4)
~~ • ~~~

11

S.

:~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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24 (ONT INUE
Wi ITE 18 .23)
00 20 N’) ,NUM
WRI TE I6,21) N ,XIN), Y )N )

21 IO R M A T(IO X ,5HW IR E .12,2511 X AND Y C O O R D I N A T E S  ARE ,2F10.?)
20 C O N T I N U E

W R I T E C b ,231
23 FORMAT )’ ‘)

00 4 M zl,NUM
DO 4 K ’I ,NUM
IF lK—M )16 ,17 ,16 •

lb Z(k ,N) zbO .oA L OG )( IxCKI ~~X H .,)0*2 • (Y(K)•y (M))*e2)oo0.5/l1xIKI ~~X (N) j
t~ °24lY (K~ — Y1H )) *°2)°*O.5)

GO T O ’.
1? Z(K ,I’)~ 6O.sA1 O G)2 SY (K)/RAD (K )
4 C O N T I N U E

DO 5 N~ 1 ,NUM
CD 5 K 1,NUM
L~ L.1
COEF I. IL )‘Z II I. ,M I

5 C O N T I N U E

00 6 Kz 1.P4UM
• C O E F R S K )=Y IK I

6 CONTINUE
EPSzI.O1—07
CALL G EL GI C O E F R .COEFL, NUM .1,EPS, lIP)
DO 7 ~~ 3,~~UM
CUR )N) ’COE F R (N I

7 CONTINUE
•. ... ..D0.28 M~~1jNJM- ~  

... ... - - . •

DO 27 N~ 1,NUM
V O L T ( M ) . l ( M ,N ) $ C U R I N ) .V O L I ( M P

27 C O N T I N U E
- • 28 CONTINUE

00 29 N~~1,NJM
AB (IN )zZIN ,N)SCUR (N)/VOLT (PS )
WRITE 16,30 IN ,ABC(NP

29 C O N T I N U E
30 FORMA TIIOX, 3 6HLEVEL OF ARRA Y IN TERACT ION FOR WI PE .12,311 s ,1I0.4)

W RIIII 6,23)
CURRX C U R I L I
00 25 Nz l , PdiJM

• IF (C URR—CUR (N))76,25,25
26 C~JPRzCUR (N)
25 CONTIN UE

DC 9 N~ 1,NUMAC U R (N) ‘CUR IN I/CURl
W R I T E ) 6,10)N ,A (URI N )

10 F O R M A T ( 1 O Z , 20H(URRENI ON COM DU(TO R .13,311 .110.4 )
9 C O N T I N U E

W RITFI6,2 3 )
• 00 11 N ’I,N UM

• -~~~ 03 12 M z3,NmJ M
• 

- Zl)N )~ lZtN) .Z (N,M I SC U IlM )/CJ RIN )

12

1-- r -~ •

~~~~~~~~~~ “~4••j • c ~



- 
_ _ _ _ _ _ _ _r — ---. - — —  

~~~~~~~~

12 C O N T I N UE
WRI T F(6, I3 I~ ,lZINJ

13 FC IMA T (IOX ,32H IMPIDAN C ( TQ C~k0UN0 C~ (OND U (TOR ,13 ,3H .11 0.4)
11 CONT INUE

~~ Wi.ITI(b,23)
DO 14 ~1r l, P4JM
1AR R ’ZARR .L- ’’(NJ

14 CO NTINUE
lF ’l ./ZAIR
I R IT I(6 ,i 5) l I

IS F O R M A T ( 1 0 X , 3 O 1 1 I M P E D A N ( E  CF A R R A Y  TC &ROUND ~ .11 0.4)
STO P
I N C

.4.

5. CONCLUSION

The wire array over a ground plan can be handled in a fashion
analogous to the treatment given the shielded multiwire cable. A
comparison of theory with exper iment for a lossy ground plane shows a
level of correlation comparable to that observed with the multiwire

• cables and adequate to justify the approach taken. It becomes a
straightforward task to extend the present development to a code
adequate to meet the full needs of an 124P vulnerability assessment and
hardening progr am .
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ASSISTANT TO IN! .,cwi~iRY OP DEFENSE ATTN JSAS US ASHY ~~~SE3NICATIOUS STE A~~~ICT
ATONIC ENERGY ATTN JPSY PORT ~~~eRErm , RI 07703
WASHINGTON, DC 20301 ATT N I(RI-STINFO LIBRARY ATTN ~~~I-BO-T ~~~I—AD--SV

ATTN ~~~ CT?TIV! ASSISTANT
CHIEF PBOJECT OFFICER

DIRECTOR LIV~~~LRE DIVISION, FIELD CENSIAND DNA US ASHY ~~~~EMICATIONS RES
DEFENSE ADYRECED NSCN P*~3 A~~~SCY T*PARTISWT OF DEFENSE S ONV ~~~SNSL
ARCHITECT RUIW4.TIG LA1I~~~~~E LZ11X~~LRE LABORATORY FORT TENUEXITH • NJ 07703
1400 1111.5(111 BLVD . P.O. BOX 808 ATTN D~~~*AEC
ARLINGTON, VA 22209 LIVZSHOHE, ON 94550 ATTN 0~~~~I-1V8-BSI

ATTN 110 ATTN F(~~*.
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DIVISION ENGINEER COMMANDER CCND4ANDER
US ASHY ENGINEER Dlv , HUNTSVI LLE NAVAL OCEAN SYST~~N CENTE R AE BONAUTICAL SYSTEMS DIVISION , AFSC
P.O. BOX 1600 , WEST STATION SAN DIEGO , CA 92152 WRIGTft-PATTZRSON APR , OH 45333
HUNTSVILLE , AL 35807 ATTN CODE 015 , C. FLETCHER ATTN ASD-YH-EE

ATT N ENDED-SR ATTN RESEARCH LIBRARY ATTN SHFTV
ATTN A. T. BOLT ATT N COOS 7240 , ~~ ~~ LICHIT4AN

AIR FORCE TECHNICAL APPLICATIONS
US ARMY INTEL THREAT COREAIIDING OFFICER CENTER

ANALYSIS DTrACNPNSrT NAVAL ORONAJCE STATION PATRICK APR • FL 3292 5
BOON 2201 , BLDG A INDIAN HEAD , IL 20640 ATTN IFS, N. SCHNEIDER
ARLINGTON HALL STATION ATTN STANDARDIZATION DIV
ARLINGTON , VA 22212 A? WEAPONS LABORATORY , A?SC

ATTN RN 2200, BLDG A SUPERI NTENDENT (COTS 1424) KIRTLAND APR . III 87117
NAVAL POSTGRADUATE SCHOOL ATTN WIN

COREV.NDER PLWTEREY , CA 93940 ATTN NT
US ASHY INTELLI~~~ICE S SEC CII) ATTN CODE 1424 ATTN EL, CARL S. BAUM
ARLINGTON HALL STATION ATTII ELXT
4000 ARLINGTON BLVD DIRECTOR ATTN SUL
ARLINGTON, VA 22212 NAVAL RESEARCH LABORATORY ATTN CA

ATTN TECHNICAL LIBRARY WASHINGTON , DC 20375 ATTN ~~A , 3. P. CASTILLO
ATT N TECH INFO FAC ATTN CODE 4104 , ENANUAL L. BRANCATO ATTN ELP

ATTN CODE 2627 , DORIS R. FOLEN ATTN ELT , W. PAGE
COMMANDER ATTN CODE 6623 , RICHARD L. STATLER ATTN (CS
US ASHY MISSILE RESEA~~~( & ATTN CODE 6624

DEVELOPMENT COIIU.1() DIRECTOR
REDSTONE ARSENAL , AL 35809 COMMANDER AIR UNIVERSITY LIBRARY

• AThI DRCPTI-PE-EA , WALLACE 0. WAGNER NAVAL SNIP ENGINEERING CENTER DEPART MENT OF THE AIR FO~~~ATT N DRCPN-PE-EG , WI LLIAM B. JOHNSON DEPARTMENT OF THE NAVY MAXWELL APR , AL 36112
ATTN DPSHI-TBD WASHINGTON • DC 20362 ATTN AUL—LSE-7O-250
ATTN DPDNI-EAA ATTN CODE 617402 , EDWARD F. IXIFFY

HEADQUARTERS
• ~~~SWIDER COMMANDER ELECTRGWIC SYSTEMS DIVISION/YSEA

US ARMY TEST AND EVALUATION COMMAND NAVAL SUAFACE WEAPONS CENTER DEPARTMENT OF THE AIR FORCE
• ABERDEEN PROVI NG GBOUND, lID 21005 WHITE OAK , SILVER SPRI NG , IL 20910 HAIISCO(4 APR , NA 01731

ATTN DRSTE-FA ATTN (tOE P32 , EDWIN A. RATHEURN ATTN YSEA
ATTN L. LIIELLO, CODE WR4 3

COMMANDER ATTN CODE ISSipil, EN 130—108 C~~8IANDSR
US ASHY TRAINING AlL DOCTRINE COMMAND FOREIGN TECITNOLOGY DIVISION , AFSC
FORT NUTIRDE , VA 23651 CCSHAJIDSR WRI (21T-PATTERSS( APR , OH 45433

ATTN ATORI -OP-SW NAVAL SUEFACE WEAPONS CENTER ATTN NICD LIBRARY
DAIILOREN LABORATORY ATTN ETDP , B. L. BALLARD

COMMANDER DAXLG~~~~, VA 22448
WH IT! SANDS MISSILE RANGE ATTN CODE OF-S4 COMMANDER
DEPARTMENT 0? THE ARMY OGOEN ALC/II~~0OE
WHITE SANDS MISSILE RANGE , NM 88002 COMMANDER DEPARTNENT OF THE AIR FORCE

ATTN STEWS—IS-AN , 3. OXUNA NAVAL WEAPONS CENTER HILL APR , ITT 84406
CHINA LASE, CA 93555 ATTN OO-ALC/PI~~TH , P. W. BERTHEL

OFFICER-IN-CHARGE ATTN CODE 533, TECH LIB ATTN P8500 , LEO KIDISN
CIVIL. ENGINEE RING LABORATORY ATTN MAJ R. BlACKBURN
NAVAL CONSTRUCTION BATTALION CENTER ~~~~IANDING OFFICER
PORT HUENLS , CA 93041 NAVAL WEAPONS EVALUATION FACILITY COMMANDER

AT TN CODE LO8A (LIBRARY ) XI RTLAND AIR PO~~~ BASE HN(E AIR DEVELOPINSIT CENTER , AlEC
ATTN CODE LO8A ALBUQUEIçUE , MM 87117 GRIFFISS APR , NY 13441

ATTN CODE AT-6 ATTN TSLD
COII4AILER
NAVAL AIR SYSTEMS CORESMD OFFICE OF NAVAL RESEA~~~( COMMANDER
WASH I NGTON, DC 21360 ARLINGTON, VA P 22217 SACRAMENTO AIR LOGISTICS CENTER

ATTN AIR-3 50Y ATTN COOS 427 LZPARTP5N~ OF THE AIR FORCE
RGCLEU.AN RIB , CA 95652

COI8~~NDER DIRECTOR ATTN IICMS, H . A. PELIIASTPO
NAVAL ELECTRONIC SYSTEPS COP85ND STRATEGIC SYST55S PROJECT OFFICE ATTN PIIIRA , 3. N. DflSS
WASH INGTCSI, DC 20360 NAVY DEPARTISIIT ATTN PISRINI , F. R. SPEAR

ATTN PIlE 117-215 NASHIHOTCN, DC 20376 
‘
p

ATTN UEP-2701, ~~~IN V. PITSEREE~~~~R
ATTN ISP-2342 , RI CHARD L. COLEWAII
ATTN NBP—43 , TECH LIE:, ATtN REP—2 7334
ATTN REP -230 , 0. GOlD
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SAIISO/IN ADMINISTRATOR BOO2-ALLm, •~~~ au sxz,sos., nic.
AIR FORCE SYSTEMS COMMAND DEFENSE ELECTRIC POWER AINIIN 106 APPLE STPRET
POST OFFICE BOX 92960 DEPARTMENT OF Ill! INTERIOR TXWION FALLS , 113 07124
WORLONAY POSTAL CENTER INTERIOR SOUTH BLOG , 312 ATTN R. 3. CEBISIIEA
LOS ANGELES, CA 90009 WASHINGTON , DC 20240 ATTN TECH LII
(INT !LLIGENCE~ ATTN L. o’NEILL
ATTN IND BROWN ENGINEERING CORPAMY , INC •DEPARTMENT OF TRANSPORTATION CUMMINGS RESEARCH PARR

SAliso/361 FEDERAL AVIATION ADMINISTRATZON HUNTSVILLE, AL 35807
AIR FORCE SYSTEMS COMMAND HEADQUARTERS SEC Dlv , ASS- 300 ATTN FRED LEONARD
WORTON RIB , CA 92409 800 INDEPENDENCE AVENUE , SW
(MINUTEMA N) WASHINGTON , DC 20591 BURROVQS CORPORATION
ATTN PQINN , NA.) 14. SARAN ATTN SEC DIV ASS- 300 FZDEPAL A(S) SPECIAL SYSTEMS GROUP
ATTN POSH , CAPT R. I. LAWRENCE CENTRAL AVE A(S) ROUTE 252

AEROSPACE CORPORATiON PG BOX 527
SAMSO/TA P0 BOX 92957 PROW , PA 19301

- - AIR FORCE SYSTEMS COMMAND LOS ANGELES , CA 90009 ATTN ANGELO .1. MM3IIIELLO
~~~‘ 

~- POST OFFICE BOX 92960 ATTN C. B. PEARLSTON
WORLDWAY POSTAL CENTER ATTN IRVING N. GARFUNILEL CALSPAII CORPORATION
LOS ANGELES, CA 90009 ATT N JULIAji REINNE lISA P0 BOX 400

ATTN YAPC ATTN LIBRARY BUFFALO, NY 14225
ATTN CHARLES OREENHON ATTN I~~~I LIBRARY

- 
~

- STRATEGIC AIR CCIIIAND/XP?S
OF~~nT API , NB 68113 AGBA.BIAN ASSCCIATES CHARLES STARE DRAPER LABORATORY INC.

• ATTN NRI-STINPO LIBRARY 250 HORTN NASH STREET 555 TECIOIDLOGY SQUARE
ATTN DEL EL SEOUNDO , CA 90245 CAMBRIDGE, NA 02139
ATTN GARNET E. MATZXE ATTN LIBRARY ATtN KEMlETH PERTIG
ATTN XPFS , NM BRIAN G. STEPHAN ATTN TIC IS 74

AVCO RESEARCH & SYSTEMS GROUP
DEPARTMENT 0? ENERGY 201 LoiiELL STREET CINCINNATI ELECTRONICS CORPORATION
ALBUQUERQUE OPERATIONS OFFICE WI LMINGTON , MA 01887 2630 GT~~~~~zz - MILPORD ~~~ D
P .O. BOX 5400 ATTN W. LEPSEVICH CINCINNATI , OH 45241
ALBUQUERQUE , MM 87115 ATTN LOIS HAMMOND

ATTN DOC CON FOR TECH LIBRARY BATT!LLE ISIIDRIAL INSTITUTE
ATTN OPERATIONAL SAFETY DIV 505 KI NG AVENUE CORPUTER SCIENCES CORPORATION

COLUHNIJS , OH 43201 6565 ARLINGTON BLVD
• UNIVERSITY OF CALIFORNIA ATTN ROBERT H. BLAZER FALLE CHIJRCIJ, VA 22046

LMI85ICZ LIVER(S)!! LABORATORY ATTN EUGENE R. LEACH A~’fl( RAJENIA BRIDGE
P .O. BOX 900
LIVENIORE, CA 94550 Boil CORPORATION 

~~~IPU TER SCIENCES CORPORATION
ATTN DCC CON FOR TECH INFOR DEPT 7915 JONES BRANCH DRIVE 1400 SAIl IIATSO BLVD , SE
ATTIl DCC Coil FOR L-06, T. DONICH (CLEAN , VA 22101 ALBUQUE~~ JE , ml eiioe
ATTN DCC CON FOR 1-545 , D. MEEKER ATT N CORPORATE LIBRARY ATT N RICHARD N. DICER_AU?
ATTN DOC CON FOR 1-156 , E. MILLER ATTN ALVIN 8011??
ATTN DCC CON FOR L-1O, H. ERUGER ION CORPORATION
ATTN DCC CON FOR H. S. CABAYAN P0 BOX 9274 CONT~~~L DATA GORPORATION

ALBUQUERQUE INTEPOSTIOWAL P.O. BOX 0
LOS ALAJIDS SCIENTIFIC LABORATORY ALBUQV*~~~JE , (II 87119 NIIIIS APO LIS, PSI 55440
P .O. BOX 1663 ATTN LIB ATT N JACK IOSIAJI
LOS ALAIIDS , IS 87545

ATTN DOC CCII PD! BR(ICE W • ILEL BENDIX CORPORATION , 115 CITTLER-NAISSIR, INC .
ATTN DOC CON FOR Q,AREICE BETITCII RESEARCH LABORATORIES DIVISION AlL DIVISION

BENDIX CENTER COIIAC ROAD
SANDIA LABORATORIES BOU FMYIELD, MI 48075 ~~~ A PARR , NV 11729
PD BOX 5000 ATTN MAX PEAlS ATTN ROSIARD RAPPETI
ALBUQUERQUE , PSI 07115

ATTN DCC POP C. N. VITTITOE BENDIX CORPORATION DIKEW000 ncusTRns , IIIC . -
ATT N DCC CCII POP A. L. PAm! NAVIGATION AND ~~~lTROI. ~~~~W 1009 BRADS(JRY DRIVE , SE
ATTN DCC CON FOR EElS! P . IIARTWIJI TETEREORO , 153 07608 ALBUQUERQUE, MM 87106

ATTN ~~~~T 6401 ATTN TECH LII
CENTRAL IWTZZ.LI~~~~CE AGENCY ATT N L. WAYTSI DAVIS
ATT’N~ RD/SI , Mi 5048, SQ BLDG lOSING COI RJIT
WASHINGTON, DC 20505 P0 BOX 3707 DXXEW000 DENJBT!IES, INC .

ATTN 051/TIlL/lUll 55*1755 , 55. 98124 1100 ~~~~~~~~ AVURM
ATTN INBIARD V. WICEESIN LOS A~~~~~~$. GA 90024
ATTN D. I. IBBELL ATT N K . IlS

• ATTN DAVID WSZ
- . ATTN B. C . NAIIP AJIA N

ATTN~~~~~~~ TECH UB
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S-SYSTEMS , INC . GENERAL ELECTRIC COMPANY HONEYWELL INCORPORATED
GREENVILLE DIVISION AEROSPACE ELECTRONICS SYSTEMS AVIONICS DIVISION
P .O. BOX 1056 FRENCH ROAD 2600 RI DGEWAY PARKWAY
GREENVILLE , TX 75401 UTICA , NY 13503 MINNEAPOLIS , PSI 55413

ATTN .JOLETA HOOP! ATTN CHARLES N. HEWISON ATTN S&RC LIE
ATTN RONALD B. JOHNSON

EFFECTS TECHNOLOGY, INC . GENERAL ELECTRIC COMPANY
5383 NO1.LISI’ER AVENUE P . O .  BOX 5000 HONEYWELL INCORPORATED
SANTA BARBARA, CA 93111 BINGHAMTON, NY 13902 AVIONICS DIVISION

ATTN S. CLOW ATTN TECH LIB 13350 U.S. HIGHWAY 19 NORTH
ST. PETERSBURO , FL 33733

EG&G WASHINGTON ANALYTICAL SERVICES GENERAL ELECTRIC CO. -T!MPO ATTN M S 725-5 , STFICEY H . CRAP?
CENTE R , INC . ALEXANDRIA OFFICE ATTN N . S. STEWART

90 BOX 10218 HUNTINGTON BUILDING , SIll?! 300
ALBUQUERQUE, (SI 87114 2560 HUNTINGTON AVENUE MJGHES AIRCRAFT COMPANY

ATTN C. GIL ES ALEXANDRIA , VA 22303 CENTINEZA FIND TEALE
ATTN DAS LAO CULVER CITY , CA 90230

EXXON NUCLEAR COMPANY, INC AT TN .7015 B. SINGLETARY —

RESEARCH AND TECHNOLOGY CENTER GENERAL RESEARCH CORPORATION ATTN CTDC 6/SilO
2955 GEORGE WASHINGTON WAY SANTA BARBARA DIVISION ATTN KENNETH R. WALKER
RICHLAND , WA 99352 P.O. BOX 6770

ATTN DR. A. W. TRIVELPIECE SANTA BARBARA , CA 93111 II ? RESEARCH INSTITUTE
ATT N TECH INFO OFFICE ELECTROMAG CONPATABILITY ANAL CT!FAIRCHILD CAMERA AND INSTRUMENT CORP NORTH SEVERN

464 ELLIS STREET GEORGIA INSTITT7TE CF TECHNOLOGY ANNAPOLIS , ND 21402
PCUNTAIN VIEW , CA 94040 GEORGIA TECH RESEARCH INSTITUTE ATTN (COAT

ATT N SEC CON FOR DAVID K. MYERS ATLANTA , GA 30332
ATTN R. CURRY lIT RESEARCH INSTITUTE

FORD AEROSPACE & COMMUNICATIONS CORP 10 WEST 35TH STREET
3939 FABIAN WAY GEORGIA INSTITTJTE ON TECIOS)LOGY CHICAGO, IL 60616
PALO ALTO, CA 94303 OFFI CE 0? CONTRACT AINIINISTRATION ATT N IRVING N. MINDEL

ATTN 3. T. NATTINGLEY ATIN : EACH SECURITY COORDINATOR ATTN JACK S. BRI DGES
ATTN TECHNICAL LIBRARY ATLANTA , GA 30332

ATTN REX & SEC COORD FOR HUGH DENNY INSTITUTE FOR DEFENSE ANALYSES
FORD AEROSPACE & COMMUNICATIONS 400 ARMY-NAVY DRIVE

OPERATIONS CRUISIAN AEROSPACE CORPORATION ARLINGTON , VA 22202
FORD S JAMBOREE ROADS SOUTH OYSTER BAY ROAD ATTN TECH INFO SERVICES
HElIPORT BEACH, CA 92663 METHPAGZ, NY 11714

ATTN SEN C. ATtINGER ATTN L-01 35 INTL TEL £ TELEGRA PH CORPORATIONATTN S. R. PONCELET , JR. 500 WASH INGTON AVENUE
GTE SYLVANIA , INC. NUTLEY , NJ 07110

FRANKLIN INSTIT(PTE , THE ELECTRONICS SYSTEMS GAP-EASTERN DIV ATTN TECHNICAL LIBRARY• 20TH STREET AND PANDIAY 77 A STREET ATTN ALEXANDER T. RICHANDSOW
PHILADELPHIA , PA 19103 NEEDEAN, MA 02194

ATTN RANI! H . 111001950W ATTN CHARLES A. ThOR(IHILL , LIBRARIAN IRT CO~~~ RATIC*j
ATTN LEONAND 1. BLAISDELL P . O .  BOX 81087

GENERAL DYNAMICS CORP SAN DIEGO , GA 92138
ELECTRONICS DIVISION GTE SYLVANIA , INC . ATTN C. B. WILLIAMS
P.O. BOX 81125 189 B STREET ATTN DENNIS SWIFT
SAN DIEGO, CA 92138 NEEDIIAM WEIGHTS , NA 02194

• ATTN EACH LII ATTN CHARLES H. RAMSBOTI’OPI JAYCOR
ATTN DAVID D. PI~~~~ SANTA BARBARA FACILITY

GENERAL DYNAMICS CORPORATION ‘.TTN EMIL P. IS)T0S)K P.O. BOX 2008
INTER-DIVISION RESEARCH LIBRARY ATTN N & V G~~~JP , MARIO A. (PJ!RPORA SANTA BARBARA , CA 93120
SEARIIY 155* ATTN 3. WALDROW ATTN V. A. RADASSY
P.O. lOX 80847
SAN DIEGO, CA 98123 HARRI S CORPORATION .IAYCOR

ATTN RESEA~~~I LIBRARY HARRIS 8VlIc~w~~~OR DIVISION 1401 CAIIIN0 VET. lIAR
P.O. BOX 803 DEL MM , CA 92014

GENERAL ELECTRIC CO. —TEMPO ~~~.B0UMIE , FL 32901 ATTN ERIC P. 1511MB
CENTS! FOR ADVANCED STUDIES ATTN V ma & IS)! PRONE DIV ATTN MLPN N • STARL
016 STAT! STREET (90 DRAWER QQ)• SANTA BARBARA , CA 93102 HAZELTINE CORPORATION .JAYCOP

ATTN DASIAC PUlASKI ROAD 205 S MMITTI1S) STmT, SUITS 500ATTN BOYD!! B. R(YIIIE!FORD GA~~~ILAIIN , MY 11740 ALEXANDRIA, VA 22304
- 
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ATTN WI LLIAM ItNAISRA ATTN TECH INFO CTP, N. WAITE ATTN LII
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EAMAN SCIENCES CORPORATION MISSION RESEARCH CORPORATION RAYTTIBOW ~~~IPANV
1500 GARDEN OF THE GODS ROAD EM SYSTEM APPLICATIONS DIVISION HAMISLL ROAD
COLORADO SPRINGS , CD 80907 1400 SAN MATED BLVD. SE , SUITE A BECFORO, MA 01730

A TTN ALBERT P. BRIDGES ALBUQUERQUE , 15 87108 ATTN GACAJIAN H. XSHI
ATTN W. FOSTER RICH ATTN DAVID E. NEREWETTIER
ATTN WALTER S. WARE ATTN L. N. ~~~ ORNICK RAYTIIEOSI C00IPANY
ATTN FRANK N .  SHELTON 528 BOSTON POST ROAD

- 
- ATTN JERRY I. LUBELL MISSION RESEA~~~I CORPORATION SUDBURY , MA 01776

ATTN PHIL TRACY -SAN DIEGO ATTN HAROLD L. PIZSCMER
ATTN WERNER STARE P. O. BOX 1209

LA JOLLA, CA 92038 RCA CORPORATION
LITTON SYSTEMS, INC . ATTN V. A. 3. VAN LINT GOVERIOIEPPT SYSTEM S DIVISION

t DATA SYSTEMS DIVISION ASTRO ELECT~~~IICS
8000 W000LEY AVENUE MITRE CORPORATION , T1~~ P.O. BOX 800 , LOCUST CORNER
VAN NUYS , CA 91409 P.O. BOX 208 EAST WINDSOR TONNSHIP

ATTN EPIC GP BZCFORD, MA 01730 PRINCETON, NJ 08540
ATTN M848-61 ATTN N. F. FITZGERALD ATTN GEORGE 3. BRUCKER

LITTON SYSTENS , INC . NORDEN SYSTEMS • INC . RCA CORPORATION
AISCOM DIVISION HELEN STREET DAVID SARNOFF RESEARCH CENTER
5115 CAI.VER? ROAD NORNALK , CT 06856 P.O. BOX 432
COI.LEGE PARE , IS) 20740 ATTN TECHNICAL LIBRARY PRINCETON, NJ 08540

ATTN 3. SKAGGS ATTN SECURITY DEPT . L. NINICH
NORTHROP RESEARCH TECHNOLOGY CENTER

LOCI’JIZED MISSI LES AND SPACE COMPANY , iNC . ONE RESEARCH PARE RCA CORPORATION
P .O. BOX 504 PAWS VERGES PENN , CA 90274 CANDEPI ~~~19LEX
SUNNYVM.E , CA 94086 ATTN LIBRARY FROIFr B COOPER STREETS

• ATTN L. ROSSI CAIEPETI, (43 08012
ATTN SAMUEL I. TAIPEI?? NORTHROP COP.POBATION ATTN OLIVE WNITENEAD
ATTN H. E. THAYN ELECTRONIC DIVISION ATTN B. N. *78?RC8l
ATT N GEORGE P. HEATH 2301 WEST 120TH STREET
ATTN BENJAMIN T. KI MURA HAWTHORNE , CA 90250 ROCKWELL INTERNATIONAL CORPORATION

ATTN VINCENT B. DNIARTINO P. O .  BOX 3105
LOCKh EED MISSILES AND SPACE COMPANY , INC . ATTN L.EW SMITH ANAHE IM , CA 92803
3251 HANOVE R STREET ATTN MD EPFEC~TS CAP ATTN N. 3. EDDIE
PALO ALTO , CA 94304 ATTN 3. L. PS)NBOE

ATTN TECH INFO CTR D/COLL PHYSICS ~N7ERNATIONAL COMPANY ATTN V. 3. MICHEL
2700 PIERCED STREET ATTN 0/243-068, 03l-CA31

M .I .T .  LINCOLN LABORATORY SAN LEA11DRO, CA 94577
P.O. BOX 73 ATTN DOC CON ROCKWELL INTERBATIONAL CORPORATION
LEXINGTON, NA 02173 SPACE DIVISION

ATTN LEONA LOUQILIN R & D ASSOCIATES 12214 SOUTH LASEW000 BOULEVARD
4 P .O. BOX 9695 DONNEY , CA 90241

MARTIN MARI ETTA CORPORATION MARINA DEL NET , CA 90291 ATTN B. S. WHITE
ORLANDO DIVISION ATTN S. CLAY ROGERS
P.O. BOX 5837 ATTN CHARLES IS) ROCKWELL INT’EP.NATIOHAL CORPORATION
ORLANDO , FL 32805 ATTN RICHARD B. SCHAEFER 81.5 LAPHAJI STREET

ATTN IS)NA C. GRI FFITH ATTN DOC CON EL SEGUNDO , CA 90245
ATTN N. GROVER ATTN B-i, DIV TIC (BADE)

MCDONNELL DOUGLAS CORPORATION ATTN C. MACDONALD
POST OFFICE BOX 516 ATTN 3. B0P5A~~~T ROCKWELL INTERNATIONAL CORPORATION
ST. LOUIS, PS) 63166 P .O .  BOX 369

ATTN TOM ENDS! R&D ASSOCIATES CLEAR?IEW. UI 84015
1401 WILSON BLVD ATTN F. A. 5MW

MCDONNELL DOUGLAS CORPORATION SUITS 500
5301 BOLSA AVENUE ARLINGTON , VA 22209 SANDERS ASSOCIATES, INC.
HUNTINGTON BEACH , CA 92647 ATTN J. B00SARDT 95 CANAL ST~~~ T

ATTN STANLEY SCHNEIDER NASHUA , III 03060
ATTN TECH LIBRARY SERVICES RAND CORPORATION ATTN 1-6270 , A. C. DCSPAT HY , SR P 5

1700 MAIN STREET
MiSSION BESZA~~~4 CORPORATION SANTA IC*IICA , CA 90406 SCIENCE APPLICATIONS , INC.
P .O. DRAWER 719 ATTN LIB-D P.O. lOX 277
SANTA BARBARA , CA 93102 ATTN W. SOLLFEEY BERKELEY , CA 94701

ATTN 5119 GROUP ATTN FISUERICK N. TSS~~~
ATTN WI LLIAM C. HART
ATTN C. I 00I00IIR E
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SCIRNCZ APPLICATIONS, INC. TEXAS INSTRISNEITS, INC .
SO lOX 2351 P.O. BOX 6015
LA .IOLLA, CA 92030 DALLAS, TX 75265

ATTN R. PARKINSON ATTN TECH LIB
ATTN DONALD 3. MA2IUS

SCIENCE APPLICATIONS , INC .
HUNTSVILLE DIVISION TEN DEFENSE & SPACE SYS ~~~ UP
2109 N. CLINTON AVENUE ORE SPACE PARK
SUIT! 700 ~~~ 0NDO BEACH , CA 90278
HUNTSVILLE, AL 35805 ATTN 0. 5. ADAMS

ATTN NOEL A. BYRII ATTN B. K. PLEBUO4
ATTN L. R. MAGIOLIA

SCIENCE APPLICATIONS, INC . ATTN H. H. HOU~~~AY
8400 WESTPARX DRIVE ATTN N. GAIGARO
MCLEAN , VA 22101

ATTN WILLIAM L. OPADSEY TEXAS TECH UNIVERSITY
P .O. BOX 5404 NORTh COLLEGE STATION

SINGER Ct*IPANY LUBBOCK , TX 79417
ATTN SECORITY MANAGER ATTN TRAVIS I.. SIMPSON 4
1150 MC BRIDE AVENUE
LITTLE FALLS. NJ 07424 UNITED TECHNOLOGIES CORP

ATTN TECH INFO CTR HAMILTON STANDARD DIVISION
BRADLEY INTERNATIONAL AIRPORT

SPERRY RAND CORPORATION WINDSON LOCKS, CT 06069 4
SPER RY MIC~~~~AVE ELECTRONICS ATTN CHIEF ELEC DESICRI
P .O. BOX 4648
CLEATHIE TER , FL 33519 WESTINGHOUSE ELECTRIC CORPORATION

ATTN HARCARET CORT ADVARCED ENEROY SYSTEMS DIV
P . O .  BOX 10864

SPERRY RAND CORPORATION PITTSBUNOH, PA 15236
SPERRY DIVISION ATTN TECH LIE
MARCUS AVENUE
GREAT NECK, NY 11020 US ARNY ELECTRONICS RESEARCH

ATTN TECH LIB S DEVELOPMENT CCNIIAM)
ATTN WISEMAN , ROBERT S . ,  DR. ,  DWEL- CT

SPER RY RAND CORPORATION
SPERRY FLIGHT SYSTEMS HARRY DIAMOND LABORATORIES
P .O . BOX 21111 ATTN 00100 , OYSIAICEP/1%CHWICAL DIR/ISO
PHOENIX . AZ 85036 ATT N CHIEF , DIV 10000

ATTN D. ANDRE W SCHON ATTN CHIEF , DIV 20000
ATTN CHIEF , DIV 30000

SPIRE CORPORATION ATTN CHIEF. DIV 40000
— P .O .  BOX o ATTN NECOED CONY , 94100

BETN ORD , MA 01730 ATTN IWL LIBRARY , 41000 (3 COPIES)
ATTN JOHN R. UGLT*I ATTN HUT. LIBRARY , 41000 (IIOORSAIDGE )
ATTN ROGE R C. LITTLE ATTN CJIA2WII, RDIIVSZAL CURII?TU

ATTN TECENICAL REPORTS BRANCH , 41300
SRI INTERNATIONAL ATTN CHIEF , 22100 (3 COPIES)
333 RAVENSW000 AVENUE ATTN CHIEF , 22300
MENLO PARE , CA 9402 5 ATTN CHIRP , 22800

-
‘ ATT N ARTHUR Li! WHITSON ATTN Cliii? , 22900

ATTN CHIEF , 13300
BRI INT~~~~ATIONAL ATTN CHIEF. 21100 (3 COPIES )
306 WYNN DRIVE , N. N. ATTN CHIEF, 21200
IIUWT SVIZ.LE , AL 35805 AT TN CHIEF, 21300 (5 COPIES)

ATTN lIE. NULLINGS Ar~w CHIEF , 21400
ATTN CH IEF, 21500

5Y8T~~S SCI.EINCE AND SOPIWARE , INC. ATTN WI~~~~ITz , F. N. ,  20240
SO BOX 1620 ATTN PATRICK, 5. L . ,  21500
LA JOLLA, CA 92038 ATTN 8W!~~, V. .7., 21500

ATTN ATIDNEW R. WI I,SON ATTN ROSASO, 3., CHIEF 22000
ATTN CRASS • A.,  21100
ATTN MILITIA , 3., 21100
ATTN VAULT , W . .  22100
ATTN DAImO, .7., 21400
ATTN VRASEL , N. 3. (20 COPIES)
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