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FIBER OPTIC COMMUNICATIONS LINK
PERFORMANCE IN EMP AND INTENSE plates without compromising their shielding in-
LIGHT TRANSIENT ENVIRONMENTS ieg rit ’..

Objective
I INTRODUCTION

I ic over all purpose of this stud y is to derive infar-
Background niatit mn for use in desi gning weapons contro l facil ities

,omd ot her tlpes of facilities where EMP and ’or e lee-
When a nuclear des ice is detonated, it generates t r t ~nt ,lL’lie t t c  inter f erence ([Ml) threaten critical

intense electromagnetic radiation in ihi’ t u t u  f .1 i’UIlilUUIiIcj iIOflS. ‘the in formation will ultimately he
single pulse with short rise and ta i l  tuni s I f i~ Wet mm ‘i I I  ,iii’ t Into ( orps of Engineers guide specifi-
tral energy that results ranges fr ill the ~~ tre - t a i  ‘110 j u l  1 i’ef it iit~ l Manual ( ‘I’M) 5.855.5,1

quency hand through the ultra-hig h tre pieri~ h~iid Slwt lilt ci als addressed in this report are to:
The electric and magnetic Ii~ld 1l t i’IlsII k’s .lss ’t iated

w ith the burst are extremely u t i t e t t o c  ~ oh I lieltts ,i. t .ii p. i t t ’ t he performance of a svs t Um having
exceed ing 100 000 V - n i  (91 - 44( 1 \ sd ) . ’ I hese in- all Il p i l i a t  d~ ia transmissi on link with that of ’ the
tense fields pose haiards t im s e n s it i m e  eIee ir ’niL s.Ifl ie 5151Cm using conventional twisted pair or co-
circuitry because metallic circuit den t ’ I t s  such ,i ~ . ,s t , , i  .1 f it’ .is the iransmt sslm ’n medium
wires and printed circuit conductors pick up ener~ o
In addition, ground currents induced b~ the nuclear h. I I - I , ’ , mmmmne the e f f e c t s  tit high ambient light
electromagnetic pulse EMI’ ta ke the path of least lt’sels on t f ~~ optii~~i fiber itse lf and on its interfacing
resistance through buried tnetal conduits , I hose ~o tili ihe mm ~insnmi tt i11g at td rccels ing components
conduits often connect facilities , which . m l  t h ’~ are
F_ MP hardened facilities . has- c steel liner plates. c . 1 - s i a f i m s i m  ~i huiumtd oti die signal-to-noise ratio
EMP-induced voltage differentials between the to he a m t t i c i ; , i l c l  ~hen the [-Ml’ pulse occurs.
facilities then cause additional currents ii’ h ots on
the interconnecting conduits. It ’ the condu its prov ide Approach
rout ing far signal and power cabling hav ing metallic
conductors, currents may he induced on the con- I ut spes of s % s t e n m s  t se re  tested in the laboratory,
ductors . I lii’ t irst as a comp lete digital communications link

t uoI ~~t c (  to m ra ns nm it over either au optical fiber or
Iii large weapons control f’acil ities . suc h as SAFE- ci nteniional cabling. I he second t~pe ef system was

GUARD facilities , the conduit and wiring and a f l i t ’ (l i tieati i’T i it the f i rst.  ~hich used a constant
cabl ing networks are large and comp lex. ‘l’he EMP light level irat isniltter. In addition , filtering was used
pick-up front many dif’f’erent ete nents may combine in t he second system to reduce the noise on the out.
at a given point with phasing that produces a ve ry ~~ 

s Ign al and increase the signal measurement
high magnitude current pulse. This pulse can cause range . Both s y s t e m s  used niultinuode glass fibers of ’
damage to electrica l or electronic instruments . 5(X) dB km (800 dB liii) at tenuat ion manufactured
nionitor and contro l components. and communica- by the Galileo Electro-Opties Corporation. Chapter
tions and other equipment. ‘Fhus . protection against 2 describes the systems in more detail.
EMP damage to the weapon system must he prim.
s’ided. The f i rs t  s y s t e m  was tested with the optical fiber in

a cotiduit samp le having a loose union at its center.
One means of ’ providing such protection is An [Ml’ current pulse of approximat ely 200 A peak

t hrough use of’ optical fibers in signal-carry ing lines, N as injected into the conduit. The EM P rise time
Because the fibers are efectr ical ly nonconduc uise and sta s less than 10 tisec . At the loose union, an intense
t hercfa rc do not carry induced currents , their use [MI’ field leaked into t he interior of ’ the conduit and
tsou ld circumvent most of’ the EMP threat. Further , illuminated the fiber. The number of errors made by
t he fiber can easily he routed through shie~ding liner the overall system ot as observed ,

Mm’ . , m ‘c i t  nb Ire gui en in both Eng tiuh and Si unit s, -t he
u;uiue g u m  flrsl is the un it Iho’ n,e,surement oas ac tua tf v taken
in: the va lue in parent heses is the u’qu ~ ateni in Ihc unit ml I he S i, I I  I I- - b ’ ’  im

~~~
’ , , ,  I, I i I  5 / ~l/ ’ l  I ’ ,• , m , - , i i ’ ’  I Si ~.-

‘(her susle rn. t l j . i iii i ml ‘I i t -  Si i s .  I ’ ll
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E’or com parison, the same digital system otas veniional electronic sostem s . ‘[he most commonly
test e d using a coaxial cable, a twisted pair of’ wires . used pliot~deteetors are so lid state photod iodes or
atul an untwisted pair of ’ w ires in the conduit as the ph ui iot t - a t usis t mu rs. If ’ g reater setl s it is ’ itv is required in
tra nsmission media, the detector , a phm timniultip lier tube can he used.

[he second u~ pe of system ss as teste d in two wa ys ,  lii prcs i mi i us resc. irch . the U .S. Arnu~ (‘onstruct ion
First, while the fiber ‘t as transmitting a constant I’iigitiecriiug Research laboratory (CERL) developed
light les eI. it as subjected to an EMP field ts- ith a fiber optics communicati ons link far feasibil i t y
peak magnitude in excess of 1 400 (XX) V / rn  stud ics , ‘I los ssste i i l  has previously been subjected t o
1.280 . ibO V vu; The receiving system was then it itense [Ml’ fields to show that it is possible to

mon itored tor al l ’ , variation in received light level tr an s umui t  eb r i b  - ‘ cc in an I’M ~‘ env ironment. Thus .
(tue to the [Ml’ field. ‘l’fie system measurement for pract ic a l  purposes . the f iber optics link is
range soas 80 dB. ininiumic to [Ml’ .

In the second test , the optical tiher and its end fit -

iings were subjected to an intense light flash t ’roni a E X P E R I M E N T A L  SYSTEM DESCRIPTION
coninierctal lv available electronic strobe flash u ni t
‘I’he light intensity was limited to  that getierated by Basic System
the uni t at a I-ft (0.3 ni) range. [he receiver output
o as moni tored for a disturbance in received light General
level. ‘[he measurement range was M” dB.

‘l’he experinientation 5% as performed on the syst en~
Scope developed by CF.RL in previous studies . Figure 1 is a

block d iagrani of’ t he basic system, which eonsis~s of
-t his study so as not intended to i n ves t Iga te  t he t ransmitt ing and recdt lug portions. Communication

mec hanism of ut iteract imi ns between the IMP and between the transniitter and receiver can be acct-m-
da ta transm iss ion lines, or to analv ie the exa c t  wa~ plished through either an opt ical fiber or conven-
iii os hieh the I MI’ caused au error , Consequently, no’ tiona l cables , such as a coaxial cable or a differential
at tem pt so Its made to quantitative ly extrapolate the pair of ri’s , Simp le switc hing is provided to tacili-
s eser ut y  of interference that a threat EMP would tate selection of the transmission medium .
cause on any conductors exhibit ing susce l)til )iIziv to
FM P in t h e  tests - 4 izalog Signa l Sou rt - u ’

Fiber Optics Tech nology ‘J’he transmitter portion can acce pt either an
externa l analog signal or an internally generated .

In recent sears both government agencies an(I repetitive, modified sawtoot h waveform. It can also
industry havi’ desofe l estensi v e ef orts to devu’lopimi e acce pt either eight-hit parallel mr serial dig ital input
optical fibers and electronic interfacing for use as si gnals . but these options os’erc not used in this ot t ids -

ci Ini ni u n at Ions Ii (1k s - ‘I’ hi’ heti rt of such a sy stem is
the optical fiber so lilt- h is use(l to pass light from curie .4 ?la/Og Signal Sam;mling
pi ‘tnt to a mliii t ier , Ihe out put from a light son rce at
lit’ t ransmi t t ing  eui f u t  the fiber is opticaIl~ cou pled ‘(‘he sv’li’~’ted atua log s ignal is sampled in an analog

m u m  uhe fiber. lii consc ~ informat ion acro ss the to digital A I)) converter . I’acui analog samp le is
fiber. the ligf tt source is nmmof u la t c d .  generally digit ’ then cimr iverteul to an eight—hit  dig ital sequence. The
lilly. since iiumn l i t iear tu cs cause problems in t r a n s m i t ~ A I) con ve rter t a r t  thus distinguish 28 or 25/i levels.
t In  .1111111mg stgiululs . I Itt ’ h oist cuummo nlv used light I he sanupling r i t e  of ’ 1.79 niH i is derived from a
s ou rces t Ire Iug h t- e nuutu ing dtodes (I I’Ds). t l st’ of ’ 3.5 8 mHi crvs t Ill oscillator .
lase rs is limited fi ic to their higher  cost and greater
it iu Iltllltt ,,11 f i f t ic i i lt ue s .  St ’nitv ’ imn ductor laser are I’he t igh t -bu t  digital seq i le i tcos from the A D con-
ti l l so dclv tiso ’d diii’ to t heir rcla iis-elv short lift ’ sptuii. I,_’rter arc encoded into a serial hit train which in-

c ludes the eight ilai~ hits . si .~ pa r mtv— cl ie ckit ig hits.
\ i  t he rot -oil ing end i f  the fiber. a phuit iote t cci ~ r and t o i l  sv nchr m tt u,a i i , ti hits. ‘l’hus , a total It  16 hits

i’ t t \u r i s  fbi,’ light energy to an e lectric a l si gnal s o f t  it -li (m aking up .i word ) au’ i’ transmi t ted for each samp le
is t h u  (knuuu(Iulate(l and or decu iumm nuii tat t ’d by c’ m t i- taken Ii~ t he A I) o’m ’nocric r, W ith the 1 ‘“9 mHz bit

8
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TRANSMIT T ER PORTION IPQRTIO$

Figure 1. Basic system block (liagrani.

rate , the samp ling rate thus becomes approx imately crystal oscillator ; t hus, the hit rate remains close to
112 k l ’lz. The analog bandwidth capability is there- the des ign value. The phase-locked loop rheretore
f i re 56 kHz , or one-halt the sampling rate, iti requires only a sniall lock-in and tracking range.
accordance so ith samp ling theory. 2 ‘[‘his is provided liv an integrated circuit which con-

ta ins a voltage controlled (msci llator VCO). a phase
L rro r Corrt ’o ’i ium / , nc ’ulinu ,’ comparator . and a feedback amplifier and filter.

I lie phlssc comparator derives a voltage which
The / l 4 .~

) binary cuide provides an error correc- depends on the phase dii’ference I t ’ lss t’cn the in-
lion capability. It can correct two errors per word; coming digita l signal hit rate and the \ ( ‘O. Ths
t h e  e rro rs can be ad iacent . v im l iag e then changes the \ (‘( 1 freque ncy and phase -:

u n t i l  an exact phase relationshi p (phase lock)
-, ‘ i hr ’ , i i : ,u i m,i occurs

Word svnc hrom t i i ,at uim n ts accomplished using iht Since the inconbiui g data are primarily of ’ the NR’t
to o  syic hru ‘ii,aiuon bits iitcluded so oh each tu rd .  type and (m a t’ t t ’ a m i o i t o n ~ n h  at the end of ’ a hit
I’he s~ nt hri bbl / . m t in b ibs  ,iri of t he i t ’ burn t m icro intc rval (if the hit polarit~ cf llungt ’s) , no spectral
(RI.) ty po. so l~t’ rcas t t t e  o;o rtt ’s other f l i t s  are all the energy is present at the hit rate frequency. Circuits
nonreturn to /c r  (~\ Ri.) t y pe. Figure 2 shows cx a te  thus provided t m  niodif y the spe trum it the
anip les oh NR’L data and the RI. os iic ’ hroibi/tut iui i  signal for application t o the phase-l ic ked loop. This
htts , i’he svn c) i r u nt / l i t i i m u i  hits are each one c~c le of a is accomp lished fiy a series of m l  erters amid an Exclu-
square so ave .  s b , u r l l i m c !  it the high or “one ’’ level s ive OR circuit. ‘l’he series of i nve r te rs  c rea tes  a fixed
during the first halt of the hut ii nit’ and returiting to u it -ne delay . ‘(‘lie tin ie-delaved si gnal is then com-
the ‘‘ / c r ’ ’ ‘ leo ci during the second half of the bit p~u’ed so ith the original si giblu l in the Fxchu sis e OR
t ime. I he 14 m f , i ! , m  and err i i r-c r r cc t tn g  bits are circuit. The result is a pu m s i u i s e  pulse (of tixed width
ri- presented b~ a ‘ mimic ’ lesel (high) or a ‘ ‘ /ero ’’ io’o ci equal t o o the time delay of the invcrters ) for each
( low) for the entIre hit duration. Pattern recogt ii tion t ran s i t i o n  of’ t he incoming data. ‘the signal thus pro)-
logic c ircu Its in the recetver portion ‘eco gnt / c the duced has spectral  power de ; is i tv at the hit rate f ’re-
ill, i b r , m l b i / , i b  1) ( i t s  to establ ish a timing reference quenes and aIhu ’iso-s for s , u t i s f a u - l u r u  1ihi :isc-li ckcd loop

f i r  (Ietecting each dat , ’ and parity-checking hit in i t s  o pe rat ion.

pro per t ime s lot.

Oj iti eal Link
Bit synchronization is accomp lished using a

phase-locked loop within the receiver puirtion. With- The optical link e m i n s i s t s  of the optical fiber , the
in the transmitter , t he hit r a t e  is controlled froni a light source, tu not the Iight~sens iu ve detector. Two

optical tillers oil the sanie ty pe so-crc used—on- 20 ft
1} I S , H i a m k ,  O I , , m I u / , i m ’ e 1k, ’, ,’, (V ,n NosirI,nd ( , m , - in c .. (( .1 ni) long and one 60 ft ( 1 8 .1 ml tong. ‘l’he lorger

I’i~’b l . Chapter 4 fiber os a s required for IMP field exposure testing
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DATA PARITY
arTS BITS

Figure 2. NRZ data and svnchro’ utzation hits in ss’ord tor ntat,

due to test setu p dimensions. Bot h optical fibers reg isici’ to pros’ide reconstructed so- ords which are
were manufactured by Galileo Electro-O ptics Corpo- thet i sequenced through a secon d shift reg ister with
rat ion as number 04 5A2K. They were niultimode. an t ight-hit parallel output . ‘[his output is eit her
had 500 dB kni (8(X) d13 mi) attenuation, and were direct iv available or available from a rcst s u i s e ladder
polyviny l chloride (PVC) jacketed. ‘[lie black PVC netsu-ork which ,‘m m i b o t ’ r t s  the digital inpu t to an
j acketing us designed to proiect the f ibers and pre- analog output. This digital to ) :ut iakmg (D ‘A )  conyer-
vent ambient light from causing unwanted signals. stun thus reconstructs the uirigiiial analog ~ignal
‘the cost tor small quantities of’ the fiber is $. 75/ f ’t app lied to (lie ti-ansmittcr portion of the system , and
S2. 1.1 m). The tihers sverc fitted with standard the link is comp lete.

hrass cou plings at each end t’or mating w ith the LED
and photodiode detector. - Modi f ied System

The light source was a Texas Instruments ‘[IL 31 For the anibient light pickup and EMP pickup
high-power inf’rared LED. The TIL-3 1 is capable of t e s t s .  t he system so as modified to use only an LED
a maximum light output of 6 roW , with rise and fall drise r. the I ED. the optical fiber . the photodiode.
time capability of 10 nsec. A bandwidth ca pabdt t~ of’ and the wideband aniphit te r.  The mod ification sv as

about 30 niHi is thus available : this is more than iio ’cc ’ sslu ry t o ’  a llow measuring only those variations of
adequate f u r  t he I - 

7t( mHt htt rate. a tixed level that b e n - caused hI the app lied disturb-
ances .  In addition, fi ltering so-as used to reduce the

‘hi prov ide maximum light output . the LED re- iuiiisi ’ on the out put si gnal amid increase the signal
quires approximately 200 mA of current drive, which measurement range.
is provided by the LED driver circuit within the re-
ceis er , Light detection is accomplished by an
avalanc he phomtodiode (Texas Instruments Company EMP-INDUCED BIT ERROR TESTS
tspe TIXLSÔ ) having its response matched tot the
LED ou t p u t .  The photodiode umutput is amplified by Test Method and Objective
a widehand amp lifier made up t’roni an integrated
circuit operational amp lif ier. ‘ [he EMP-induced hit error tests were performed

to eva luate the susceptibility of the fiber optic system
Decoding and !)igital to Analog (‘ ei nu ’ , ’rmIo p l to FM P and to compare its performance with that of ’

a s%’stem using cons-entional metallic transmission
[he decoder accepts the reconstructed data signal lines. ‘[he pnnlar s emphasis of this test i ng phase

from the input it iser uers tolloss ing t he photudtode s o i l s  t om evaluate the susce ptibi l i ty of the data trans.
anipltt ier) and hit anti so- curd synchronization pulses m iss i om t  s s s t e r u u  to sigri tulo which leak through cou-
aitol perfo irnis parit~ checking; if errors are present. pliiigs or unions into conduits earns ing data trans .
they are corrected to  the extent possible. ‘[he recoin- niissi mn limit ’s However , because it so as felt that addi-
structe d olat , i  hits are then synchronized in a shif t tt ui’ ial inf ’ormaf ion could he obtained by evaluating

it)
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Figure 3. In~ceted current I-Nil’ test setu p.

the effect of continuous so-ave (CW ) irradiat iu)n, the I)C post-er supp ly, and a sulfur hexafluoride (SF~
)

testing progra m also) included direct ~ W irradiatioii pressurized . adjus tah le spark ga p used to set the
of t he union. firing voltage (V 0). The comnd uit cmn t a inu ng the data

t nansm ission l ine  formed the ground side of’ a
The approach use(l in both the injected EMP cur- parallel conduit transmission line. so hich so as termi-

remit and radiated CW evaluations was to install the nated in a resist ance (R 0) se rl n ear its characteristic
um ptical fiber ,mr cable um he evaluated in one conduit impedance.
o uf a parallel conduit transmission limit’ . The com-
mtu nt ca ti om ns link so as then im t tert ’acecl so ith the fiber ‘I lie rise t ime if the applied pulse so as less than 10
or cable , and data were tr :tnsmitted . ‘[he interfering nsec. ‘[he tall tin ie (‘r 0) soas
energy w a s  applied , and the receiver svs te nm moni-
tiired t o  determine the number o)f errors which T~ 

= R 0 C0
occurred.

so that the pulse ~ was essentiall y of the form
Test Setup b r  Inj ected Current EMP Tests

— 
t 1 0

‘ ( T ) — i 0 C

‘l’he injected current EMP test setup was similar to where
the basic ss stem described in the previous chapter. 

I =
Figure 3 is a schematic of ’ the t es t  setup.  Essent ia l l y . ‘°‘

it cons iste(l of the data transmission svst eni . i t t  and
shield , and a pulser t i m  b m l ( c t ’ t  the I N-I I’. = R ( 

~

As previously described , the data t r ans i i t is s io m n I-tin the p it ’s e b t  case. • t ( i l~~X ( N . R 0 l’-)~ ohms .
s sst et i l  em i is’s ic’ t of a t ransm it ter . data fr au is ni issi umn tiiiil (‘~ = ( t 2 ~I I ~‘, , i s . t he pulse used f u n  these icsts
line. and rcct’ is er. ‘[he shield included the box f u r  had a I ~ll - .oum i p peak Lurrcnt ano l a f i l l  time if 4 ~~cc:

t he transmitter , the conduit through so hich the data
- ( 4 asec

transmission line passeol - ami (f the shiclded room for 1 (1) I .~~~( e -\ -

the receiver and 01 her electr on ic equi pment . ‘[he
puRer consisted o mf a ( t , ( t 2 ~~F e t o p i c i t m m n  iCo~. ((-5 ( 1 kV I cure 4 sho iso s a tspica l pulse .

i i

-~~~~~~ ~~
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~~~~~~~
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- 
-
~~~~



In the c ast’ of the metallic com nd uc iim rs , it soa s felt
__________________________________________________________________________ that iii ic rfc rence so i th  t ra iisn uu’sion might be caused

— ‘ , by direct supcrpimsi iion of ’ the T M  P onto m the trai ls

___________________________________ duit. For conopa ris imil . the tes ts  so-crc repeated with-

_________________ ~~~~~~~~~~~~~~~~~~~~ 
~eL ~~~~ r shicld

I / st  Si top /n~ 
( 1% / 0  oh

l”igure -1. ‘I pical injected cu rrent pulse . ‘[he (‘NV t es t  setup so as essential l y t he same as the

— I So 
- t I 4 sec 

A 
pulse test  setup. e\ Lept that the utiicmn was irradiated

, TI 
— - e 

, , , , rat her than heiti~ sttbjected to an injected curretit -

~~‘ i  Ic 2~u A s ertucal division ‘ -

I ~ sc’c horizont a I dis sion - ‘ - ‘ ‘ .
h i t ’ u i l io i n  00 ils t o o ice t ’ rad tated iii the .,.t)m ) k I-it tom

l t O t ~ ‘:ilt u’anc’e usi ne loop ante nuias : ‘‘nec wit h the
Althoug h the app lied current pulse is well ch : m nt c -  plane o ut ’ t i le at i tcn na parallel t om the c ,mndiuut and ‘iicc

teriied , the electromagnetic t iekfs which leak into) soi th  ii ~cr pendici lar t o m the eo imd u it .  ‘l’ he unto m mi So ils

the con duit arc not easil y determ ined : they depctid ol s o i r radiated ,mi 2 .5 Gui u is m i i ~ a hom nti a t l t c f l h l a ,
lurge lv ‘in the c’ m udit iomm oi l  the union ss’hich loins the
two con duit sections. (‘ mt - c so-as ta ken io insure that Test R e s u l t s
t he condition of the union reniat ned the samc so th at

the results of ’ the s’a niomu s tests cou ld he cons pared. I m i m ic I sunini ini/c’, th e test  results fur till f m i ur
d i i  .o ira nsn: is’ in 1 to t es ,

During the test , t he puRer was tree nunn ut ic and
i i mtected a pulse every b t o m 10 set ’ . I’, i’r rs prodtict ’d in 1, ?lt im ’i.sFu ’i/ Pun- im /  U’u’i’,s

t hu d i i i soe r L- du.’terni iuied by v- m’ut itn tg  t ime error

ci- .t’ reetion uiises t’nom the decoder in the receo \ c r ,  I lie nt -s u i ts  s i l imI ,mi ~’~.i t h e  assu in i p t io mn th a t  the ut i—
‘f lue pulses injecte d d uring the L’ s t  s%e re cooui i tc d on a i a- i s t t’d P-°~ 

if wir es so os lie Soul - st L iSt ’ at t he t umo r
F~ee ktnan \i 1i ’I T)bt) Universal FI’I ‘‘I’ and ‘I’imeu’ . dai.i ru  snils stu in honk -1 im3 e m i t’s pnodotc ’eo l h~ tmtiO

Pt~1~~’~ k’rt-ors pulse ‘~ ~~~~~ l- it ’ ’ ,rc ’s ~~.l arid b shims’ :1
Four t V j i t ’s m t  data t r a ns u i mis s i m mi l  lines were tes t ed :

i,, . ,

a , N ii u ntso’isted pair of t iom . 22 wires ahumii t 2b ft Nuninm,, r ~ it I’uiso’ i esi Results
ml , , 1 nil lung, with a short piece m l  t’o m io xo ol cable ‘
cli P1~ ’° t II L O L l )  end*

1o’SI it o-ni ~,,i - t’ufst ’s \o,, I rr uu rs I u - s

h. N tso ’ is te d pair out ’ no. 22 so i t t ’s to ’  t b about I’) [‘ iii” ~~~ t’ ,or m , m p m -il l —
~~~

turns- l i t  a l mimut 21) f t  lb . I iii) 10)0,1 with a s lium rt 1mi t ’c’e i s s m - ~-~ 4 + 1) ”” m’4 iui,m

oi l’ co o s i o l  cable clipped at eac h end* iii m o m s -i ‘ - i  I no ‘i
iii \\ m i s s  i~~) + m i  m~~ i’’ ii ~~~ 2 i

— ‘ i ~~~~~~~ ( ,~i—i , - t m k + m  ‘ ‘  illS)
c. N length umt co ax i a l  cable (RU ~o.M U) .oh ,m t i t  21) 

“— 1 - l

ft lb. I no) long lip , - . t I 0 )

L

ii ‘ 1 hic imliift’al fiber described pres i m i u o s l s  - 
‘I S ’s -t ee m o t e ’  ‘i em ‘ ,- i ’ ~ ‘si i tsu ’ , i i i  i’ u’ ,i t i ~~~. s i uii m s ’ mm m kcs mm’ ,’

I,,’,’, t I m~~~iI’~’ is to II I,’ ‘ i mO S ‘ i l ’  I m ’ s’it SO ’ S m ’i’.mi

‘the sh’ ”t t’,u~usi .u t o,’,ilult ’ t o u t s ’s nero’ iost’it ,m u’fl.ilit(’ s i mm,  l imi t ’  ‘I \ - - mI ’ ,- i - s i i i  ‘ .m i ” ’ i m i l s o s  mm’ ,’ 1 , — m i l l s  ,iim ’ ,m m i is ’,I m , m t l m  s i , ’

etith t ,u no t iu it ‘m i t ,~nii t Iu T i i , iu ’ i t ’t ’ t nu ,’t ’n it is ’ s lmi u ,’ t i t u i i oi m e _ m u m t imt imil i’ , i, dci, ’ is i iu ,’s ,- ,I ‘ i t , ,  I1 ’i I  , , m i m l ~i’ u ,s , i s  I I I  i, d.’ t  n il ,

S ii Sui t  c.ii’h- ’ ’, ,u t i t s - m ~his’l,l - I,, ’,’ I

12
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I ~ - u r u ’ ,5 , l \ h b ’ o,’ f f , ,’o , l~ ui,  u i i i i s s i s t e , I  li_ m o r .

the 1 “ 1’ ’ s ut ’ nal induced oun the pi in if so ut’s Duo’ h o s o l O s ,  . m s c  t ie i lm t os sled po r  - - ti t o t er  the numrnial
t he ,i t o l i i i s e  cx po ncmitia l pulse . t he sos ient  souhm io n test  so ’ t o ,; us tb  lu’ i mn im m i u  moseR v’ uli l i ,,’ o , t ln~ u t 5 ’ i s o ’

iso ,stt ’ i I ~. m r  if oom rcs nmzu ’s’ nia kc c l ’ r m u t s  in  the o i i t , ,’,~ , m: ’ o luit ses ’ t u iuuiut . nil ( SN it -s i - . is t ’ Fm ’ perf omrmed on
t io’ui ,~ ‘ ~. ‘ 5 t i lt  im m l ic t ’ o h _ mu . ,  ui’ , i t t s t l i t s ’m i m o i t  h u e s ,

I h ( NV te s ts  ,,‘ m t i o i o i t ’ t t ’ d so’ iih the louse tu nt m mtm Pro’ l o u m , sim ’o/ f ’ , u,, ’ m o t  It

d ui cc o ! ii, errors . In general. m um , erriurs so e n ’  pr ’itucv-d
est ’ n so i th l il t ’ un immn l1lt- t i  i .e. .  the two set ’ u i o ’ nms  o u t  the I’h~’ l’) ci ’rou rs t i ’ m l m l0 ,eo t  h~ t h e  to  s I , ’ ! pair o i l

t’ o ’ no loti t stm - t ’ ,,’ n u mf s m m r m i m u ’o , t m ’ m l )  est ’ s ’ lm l di ( \~ t r equ e n— iii 1 ( 1 ( 0  pidst ’s tn dm t ’ .itt ’s t h u  t i h s I , 1 l l i t k .O i i t l \  less
c ics -I U n il,, tuS null,, amit i 10( 1 niUt, Gui s e  e rro rs s uisct ’p i t l ’ lu Ii ’ 1 \ l l~ th t :tu i the u n m s o  s ic of  1’.ii r: bum ~o
appeared t o he di, ’ t i m a ‘ ‘ I ’ ’ ’ -  i i . u t ~ e (~unte nnt i l  cOcc I. e\ s ’ r. i t us i’s no’ liii’ i t i s  t i  -i t ree.
‘,int’t’ the oo ; u vei u _’ ngth at h~ t i ll, r ioo i o ih i v  t int , ,’

~ s p u u n t d m ’ f  to i lie i o ’ i o o p  h of i b i s  c i m ndu ut uni t dat. , t r u t s  I mo ,,  o i/ (‘ ,,!u/, ’

u o u i s s i o  mi line , the 0 NV it ’s is ii 2 t ’  < ~~~~~ prumiluv ’&’t l nun
errors . SN t b  iii’ v-r i  ‘i’ p u u — o b u c v ’d in 1 , 4(1 ( 1 pu lses , t h y ’ t o m

~~ _ i s u . i l ,‘a (u l ,’  . mppm IT -  t i m  
~~~~~~ 

t l it ’ it - a s t  s i s ,- s ’~’t l i’ , i s t
~

In s ie so ’ ‘ i t  the I_ it o u t  C ‘u\” ’ iu i l o u o , t ’ oI  u ’ ru ,u i ’ s mm the i u u  I S i b ’  m l uiiO o f  t h u  three ntu ’ t u lhiv ’ v’iuuudi i, ’ t , . rs ,
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R, ’ ,m umoo , , /  ~~ .s’ n , -/ U 1 i- ,, 
~~~~~ 

I lie flash u u u u o t  useol  ,o N .~shii , ’ ii S i ‘~~ PRO~’~ 
-

I) N —ha,l a flash t’ m ut ’ r cs u t  I !~ I beam .i nO Is’po so t n  -

‘S i , , ,’ l- \ lP comti l d ,,k~ at f y ’o , t  da t o  m r , u u s m t o u s s o o u u i  i t  u seco o ud s e uo m d e nuonihen I .13 tor an -‘s ’s -N f ilm speed
soe re carr ied tilting t h e  data l r . u t 1 s i l l i ~ s i m i f l  line m I s t  I 25 I he f l ash dur .ouu , u n so is  measured h~ ex posing
omnt o i electronic equi pment . tIme s t ee l so ,uol pac king the lu s T :  emo sl  ‘ m ?  dot ’ tO it ’ r t~~

u a flas h and oib m s t ’rs ing the
‘s ,is removed lri’i u i  tbt ,, ’ t’ n~ t ’. . , t  thy ’ cumiuduit , i t th ,’ ru - s u i t _ o m i t  piokt ’ in I l i , iso .’ i h l o us t ’ iupe. I sil l’ s ’ I -  s f i o i s o s

test su ms ri’1ut ’ ,,it ’ ,[ l,’ omd c r th us test o,’ , o n i d o t t o i n . 454 .ou msv’illuss ’~ipy ’ photograp h s f  the pulse. so htch m di-
y’ri’om rs so t’ u t ’ pl’ io)uced ~ ~~ t’, i o s i I  o,’sub m lc in s( S) s, .o I , ,’ i ! lus t ‘ o c r  2 nisec f l u - i t  ‘, t n r o t i o u i  i,r shtg hil~
pulses. Table I also prescn is oI .o t ,o  four the pai rs  ‘ o f  i i i m ol t ’r I SI t)  o m t  a s t ’s m o i s t  bti ’ s_ , i i o e an aft -cini , h ell is

su i nes ss’i th the stey’I s o o u o ’ l  rt’ol ,s,s c d ~~‘ t’’ .iteo l so l ien i t s  ll ;m ’, l m us II,’,! , the flash unit stas
pi.ict ’ l  ‘ou ts i d e  ii,’ shielded v ’ ul c l iusul , , ’  tom present

( ) pf ~,’ oj l  ~~~ t’ _ o d u , o I  l o o n  s io , i i s ,o ls  t riunm t’ _ i oo s iu i g t’i’ rot icsoUs i i ic loc a t i o i u m s ,

‘I he apt t e i l  tiher da ta  transniissiomi line promduced l o u  trigger tI me ousc ill iu s c ,m pe so hen oboe Il o s lo tired , to
no err u ’rs di iin i ng I_S It Pul ses I ~iPL~t’~ hu mou p 0 ,00 made l’s so r_ ippmng a no, 22 0¼ irs’

, i t o u u i , i due tit ish tun it 2,li ti mes. — the fom oi p soas then
c’onmiec te t to) a ~ - ‘ m Ini t’,i,oxi . , l  ta t’ i~’ and to Ii e, : -

~ 
HiGH—INTENS ITY LIGHT I l i i , ’ s u e l i  connecto r  unto) the shielded enc h omsure.

EXPOSURE TEST
I lit- i p t i c it  lilt ’r ’ so as ruuo tn sm n t  t h y ’  1,1 I ) , t l t u ’ us i g b i

- 
- Te st Method and Objective the flas h c , ih o uet . t o m  The  1ih i, t i ,ooie ins ide the m ’nc tou ’

so m e: Il l It 1 1 no if b 5 - tiler 5 ) i ’T ’u ’ pi.o ceo t t is oo lu ’  the

~~ [ho,’ pur~ - - - ‘ - ‘I tile : o , ’ i : ’ i n tens itv  ie ) it  t’x puusu re Ii,sii o,’ , o i m I l~’ t ,  N o,- i’n°,i un t Vt It ’ve t f ‘u ’ s  SOd ’  app lied
ls ’s l soil s t o ’  , !cto:n tt t i iot - bsh ’ ’ t h o ,’I exposure to a 0 ’ ’  the I I’I[) dn isen -‘  oh a resultant Cs ’ i t s t , o to t  li~~bii

Ii:~~bs - iu i t t ’n itv  f l ash s o b l ight induces m n s n~easura hik’ lc ou _’l n r :o to +no t i t’ ’it  th roiu~ b sb , o m p t t & ’ :tl liber. ‘Thu’
A’ sim lt ial ou n an ~ptic’il ‘~ht’ r ii ,  k,’t s ’ s t so uth hI,ie’ k P’s (‘ im .e t i l ousv ’ iu p e so t o - .  ‘ ‘ ‘ ‘I oS ’ : ) on the -N( - t ’ s mup led ,

II’ ues t e i t  t o t  preveu mt such si so otto ’ ) sigiia l’ - ‘I’he cxter n i t i lh~ t r ~~c’eres l  mm , ,),, t o -  ;Oiuoso m i hs t :m ’o ,I’ o t:  umf the
approach tu s eo t 55 ,05  ii) t” t t ihhisb i :m fiber ompuic ’ i : u t h  soit h si~~t i , m 1 ,  ‘ I so , o i l o i  t ’ , l l m ’ r s socre used—one umpt ’r ~~~’d the
t h e  tiler i n t m n i s m s u i l i i l l p  a c uto s ta i l t  l iC t I t  level; the ll: o sii unit o i t i t ’ ,idy ’ ‘l~ sl m m ’l,), ’ o ) i’ll , - o5 10 UC toni thy’
o i m ’ t e c t i o m t i  5\ 51,_ o i l  ;mruu \ isted ,0 5 b ogs ’ ‘ ulpul who o .i, t iifli ’ t ’  im ps ’i’ i t t ’st ii,,’ ,o sco l l o uo .s ’ o o i m o ’  mul t i  ,omera inside
o t ’ ps ’ns l t ’ t l  to m i t e  light lt’sel i’ , u ,o ~~~ j~~,,’ s l I by’ tuber iii,,- s i tu -M d t ’ ? i . t t ’ s t u u t ’ ,

so _ u’, lien •o i l j ’. ,‘ u ’,’l to ’  tu tu t u t u’- . ’ (l isP t o t  hpll an,!
- 

‘ the o l t t e c t ’ - r  t i u l p i o t  n i l , , : : i i t i e o f  f o o l  l : i l s ’ ,ii ’ ’ m t  b i l  j~, Not e ,,u ’ o o tu i t , i i  t o -  i~ ’si ss ’ O up s h’ us ’cd th a ’ t h u
t i o m n ’, in rs’et ’ ise , l  I~u,iht it’s tis ,u t ;1” b s t i m , ’i’ s bl o O,f hi I s  , uoy ’ IoL ’\ lou is e ,mt iup litude si-as

a lu i o o l  ~b ’  i t ’ s  i lt i - i ’ t mi g os as ‘ ‘ t ’  O t T ’ ’ ’ to t ’ L’c ’ s .s l ’ s

l o g i t o ’ e  ‘1 is .m b’ m l u uo, k , lo ,0 5 l r ,o lss  s i t  f lit’ Iy’si si ’ t i m 1  I huu .’ ‘m ifl t ’ i i ti s  s o g l l _ o i  ml ~oy - b u m  t b ’  f lash so t ot ld im s’ m o b  thy’
i i i mu d o f ieo t  l l imt ’i milli e l ink ss’ ’.t,:it l s l m ,’ss ’ i m l’e,i m u s o n i c  u i uo ’ , o t , , m n  anoh es ’ iit ’ i . i I \i- i’ . , ’ l , i t ’ l m i  :05 1!:,, flash
I 1i:iptt’r 2 os a s lust _ of in the t t ’ s t u i o vl , it ,‘ , i t i s us Ie l o ut ti n itself , t i u t ’ lien sO .os o It ’soo, i i i t d u P°~~ 

0 2 ’ i t m ct ’ p1 ) 5 5

I - I )  o l r i s , , ’ r .  I I I) , opt ic _ i l  h i l le l , pl o m i u, l ioui l t ’ . and , umuol to  ~s’ t e t t  high ,mnd hu uso t i ’ ,’ pso ’ i i t ’c l ust ’ ,

broadband amp lifier. I lu I I- i )  driver i s i s i ’ s )  m l

I’t p0,55 t:n supp ly aut O a ry ’ s i s tomi  - ‘lIe CUri’ ’ ’ t : t  I ul i c r , i ue ,s ,os .o,,’ ,’ u , l i t t t l l s t u s ’o l l’r a (,t ’ t t t ’ r ;o I Ra duo
t h iro uu iebi the Ii o o i t ’  s o u s  o m~~t i s t y ’ o l to i t u ,m s u i l u :  io u,’ ,ir ii iS2 I ‘ m i i o ,,’ t s . , i  Ihinid I’ iss Filter sei tuir a IT m o - . hand
ni: isouuiuni omt l bp o i t  i n  t io t ’  I I - I )  i i  5 ( 4 )  to ‘ ‘° ~~ - Ii,, I his f i l ter is mn at ’ t i s e  [div-n oper-

ut e o l r un, I I ”  N u t  ‘l’he lul l IIi s o i u i i h i o m n elii f o m i t l i , !  oin

F lue imptical u ser us _ i - . pi_ ic y ’o l inside a opu s t o l l s  L o o m -  ifs u i ui t p u i uOt ’t ’i’Ss I t i l t , ’ol .o o bo lu mi g  i i , ,i t , I o t t o i u , , o l  lilter Ii’

0~ructe d 24 in. -~ 12 tm ~ IS in. iii viii — ~I( s in ‘ t mu u’ iher t mt t c nu , o ie  Ioso fi ’ u’ quit ’ it t ’ it ’s . ‘[he n ose koch
P v-nil f l,os hi , , l ’ i u i u ’t t o ’ s  s i o h t l , ,’ t ’ i i i o l u  t o t  j i u te t is , ’ l m o ) u i  , b t s ’r f i ltering ot i s  i t ’Juccd ii , i t h m ni \ , n ia t e l Y 0.2-iii ’s
l i - l i ,  J im , ’  s ’ ; i l m inv’i included ;i nm omum i t i t ig  b m , i ’ on ‘ u k  ~ ‘‘ pi’a k .  I he s i l i t t ,o l  Icoel t ,o r t h y ’ sv s t en l  so _ is

t-iu :t ’t u’i u o,ic s tr mub ’ ’ ’  flash unit intl li,,,1 sma ll holes tour o b m o m m i t  S N ton thy’ m uuti p u tt . g is o t u g a r ;mniy ’e i f

~~ t u i r ; m u i o ,’e tumid u,’ \ u i  ml t h e  bli i u  I he cabinet so , o s  lined
so i th t i lun , i i iuum fo il ti te l l t ’ s th u.’ light atiol u hel 1m 

~ log 
N s l t : u m . i I  

°~ 9 OR
f lOu r’  :0 u.n exposure o ut all po us s i hie su n ,,, u’ s o i l  the ‘ ‘ N

I hoe o, , u im tt me t %i- ,sS , t i , i u b &  lig b t t  log i n  using f o m u b
- i i  i;~~t u i u o ~ and ibunuinutn b o u u i  apt ’ 1 hat is . it w as Im~ ssobk ’ t mu deuernuinc whether the

‘c i
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‘ s~ ‘ i t u i y t l s u t v  i s o . t u t u . ’ t ic iol ouii to l o  o m pt iu. ’uI tif ier. ‘ I he tip’
lmi’ omtit ’ h h O y t 1  us _ o s l o u  set u p a fih ,er ou ~mnt ’ link un’arusmui ~;~ 

s ”~ ‘ ‘  ‘ -ting to f i s t o t  f l . y . .  o iou i i s ;o I ’ \ i i u k) big hi level.  so l hlt’ct the

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

,
~ 

, um l ’uui ct i l tiler to tin intemuse I- ‘sil’ f ield , amid measure
m u ,  ii to in th y lo s o i s t i t i t t e d  h i t ,ht due to the livId

II 
t S i 5 1 0 5

~~~~ ,. i ~~~~~~~~~ , Fi gu ot ’ c II us o l I t ’ k  ditugrtuni uit thie tes u setup. ‘1 he
— — fiber optic link uused was uhe s , , o o ic too that used in the

~: ~~~~~~~~~ 

— ‘‘‘ highi - intc u isutv light t ’ x p o u s u o t ’ m_ ’ i es l ,

‘‘°. ,
‘ ‘I lie ( 1~RI. ( ,ot i ’s ; , o i  I- l ee t r i t . ’ s l ,o e ’ t ie t ic  Pulse Simu-

p _—
~~~~~~~ 

) -latour ‘ (  I \1I S) so ’zis used I su ge nt’r ;mt e the I- S l IP lh~’
[Nt 1’’s is to t t ’ ,,t ;ongular coaxial tra iusni iss iomn line

co m no ist in g s u b a f r a me’ s t ru c ture  w ith ton outer so- ire
uio s ’sh t o t  eo ’o m u i t l , l  psi o c t o t i a !  . . i t is! to flat plturie cen t er
t’ o un ,buo t ’ ioin. Ihe st ’ 1 m ,o r ;ol i , u l i  hetso ccii the central plane
to t m d uhie ’ om t o t e ’ r c o i n d m t , t , ’i’ is I no (1 .1  s O b .  The central

Fi gure 10. I’hsuts ideiee ’ to u r  ;miu ~j iliI ieu ’ o010 i po ut 1 . ;  bret t  i ’ 1 1 , l t i s  m l ’ Is t ’m m l i i i e t ’ b t ’ s! thit ’ omug h a t ;mpered sectio mn to

~, o o’ ,,’ to f l ;osh , ~o l , 0 ) , 0 4 0 b l - \  s p_ t t ’ l  t~m p 110015cr. SN di the pu hsue t m o pe r -

“s,ole , 5\ ’  v enuie ,iI do iso , m o ,  t o t i u l g  .01 15))  k’s e lectr i c  fields greater than ISO k\ m
I o: see h io ’ i ’ t io i,l ,u t ,l is i’uio ui I 13” l’s rd)  c- ton lsc t s ’l s e I ’ t u i t ’ ol ss’o uhtn the ‘ : is:ula tomr ,

t l ;osl t ss imtild cause a s i g o m t o l ’ i o i ’ t u o o i s t ’ r , o tuo m it ic- os t ht o i o I s  o,’e iocrat e’ t he rey1uii’y’d electric fie ld t l i I t ’ l l s i l \  oil
-5 ”.”) 20. ‘ ( ‘ i t e ’ o u s e ,  all i’c ’ s h tm i o o s s ’ ~m l t i l t- tP i t’ i  i s ’  the ’ I 1 ) 0 00)  ( 0 ( 0 1 )  N’ iii 5 ) 1 2 . 4 ) 1 ( 1 \ ~d) . tout t ’ o , t r a  pla t o .’ so ,o’_

t ’X l n’t’It’2 puilse so 5 o ’ , t I es  ks - s f  h~ 
‘‘ i l i l lm i i l l i ,mt uul s i  t h e  ) i I .oc t ’ s l inside’ die (‘I ‘slh’°’m parallel to ’  the plane omi ’ the

111cm’ end b~ t h e tl ,ssim ;,ttd ,mhs ,.’ns O le ’  thy’ , ‘ ss ’i ’ , ml l  out’ s ’ s - nty ’i’ , ls , l l l t ’ l s o l ’  .011(1 L’s m t i n t ’ t’it ’ ,! to ’  die o u t o te r  ,,‘an’

I It i s  o ’c st i l t eol i to ~o ~
) e ’ uu a l s tn i i l ;m r I o u  t h e ’ f lash me-  d ueu ,mr , I lie suppo rt I i ’ S ’ the ,t li’be ,) plate si -as t’u m t i ’

s j m o u n s c  eoo i ’s t - . uo i t l i e , o l i i i e ’  t utu hot ’ f i l ter dust  m i s s  the s t ru t e ’ te d  so ’  that its h eight t ’ u i :o Is I It’ varied. thtms
ll, mshi s i c t t t u I  and so o u o o b o i  p t oss t o o l s  - . i e ’ i o , o i  result ing lrt ’ u : :  t i l l m uss  011,1 co i~iti’ omI I the sc ’pt l i ’ t o t i &m t )  heuso t- e’n the added
light le’~o kagc uhi ro ’ugh t the til’ i t ,,,‘kt ’I. plate ’ z m no l the t’i,’o l I t ’I’ c’omnduc t o m r ,  so’ hto ,’ii in t u t u  ,‘ mn-

I l o b s  h~ loI ituicntsil ~
Test Results

(‘ .oo’ t’ l a t  t o o  is,,- t0 o k e u t  t 1.0 0 the ’ sepau’a t io iO ‘o t i s  not

N u n,’ - - l  it ~, ou sy ’ u h i o m s e ’ .o p u ’ l rao.’ c’s i m i d i c .ot c .t .o t l \  th is-  l , u o ’  sIit ,u1 . t hus t’ t ioos i uo , 1 t h y ’  ~mu’ tu ’  hi’eti k do moo ’n tind

l lo r b ’ ,,t iee o b oe i ii e’spo ms li rs ’ t i m  t boe f l as h out ’ hi g i s t .  It ise t o i ’ co t l s, t om ouc y ’ , o r, Suo ,c s  hretikd ,sss mi to ur air is .1p~mr o u x o ’

~s t s-  .I o e t ’ _ ip hs ‘ ‘ s t e  I , ih,en i o u  ois ,iry’ l’m ) t u ’ _i i , m h i i I l S  - t mm: ote lv 2’l ,h IN’ viii l ”’l, °-) l’s’ iii. ) bs i i ’  tin un te i is Otv  o ut

\ o b o b m l m o u l l . , l  t-s p e ’ r imt ’ muts i t i  ‘ mu lm e’ i’ b ’ t ’ ut ie ’ ol to s hioioo t i lt  I 0 ) 0 00 )  0 0 0 )0 1 N i i i  l ’0 14 ,4db( S s d ) , .o plate se’p;lri ittom i m l

t’ l ! m  s i  ‘ f s ’ s j m o ’ s t o r e  i uf  iii,,’ f ’iI’e’l’ t’s u t i l th i  ui_ is t o ’  tlit’ light 42 4 ,, m i m Ii’ — 
i i i , ) so omiil,,I I ll  oi t ,oI Is he rt’qoo ireo t . lii,

Il,o,lm tub - _ i ,  s l iu uss cs l  no ’  t l t ’ : t us oo i  .o hhu .’ d i s t , t r h t i o o , ,’s ’ o o l  t Im e l o t  duo ’ ‘,li ,io t o i uo i’ ,,: o H  o ut ’ uhe pt uis~ . homso es’ y’r. using ti

ra?1~~I t l u t b e o t  l iy ’ lm t le s t ’ 1 \ o lm t i l i u u m i a l  esp c nuuile i l i~m o o u u i i  plait ’  se It , io  i l l - n ‘ b s u o u l \  I t)  ciii 1, 1, 50 nu. I oo ,ts pou ’~s2s lo .’

so t I l t  ,o ’ t ’ , o  l i m _ ih i t  cot ’1 I I  : u i l s i t u t t t ’ ml i u~ iou ,- l i l m s ’i’ i t ’ . ,

so o th  i l s y ’ 1 1 1) o l r t s  u t  o f t ’ ’ t , i s o u  eso t i teol  i t o  mii i o b , ’ t e o ,’t - lo  ul ct e - o ’ o tm i t i c  t h e  e heciu ’ ic b ’iy ’ iol into ,’uis i t\  sci’ suis

m l i i i ’  ‘i t C I t ,il , i l , uus m ) ~ y’ i ) .uck 1°’ 1 u s 1:1 i io e  s i o s i o r e o l  to t  puiscr s u u i t t o g e .  ~‘let ’~ ’ it ’ h eld t i t e . l °, I S T ’ ,IT Ti ’ T T I ’  O t t ’ s

~t i s ” su 
~~ ot ’ o i , i i  t o o  n oos e r . o u i o ’  m l m , r i t i ~ lit ’ imut mul c s o o t h in i’ let ’no c fi eld s e u s o t i - \ I~’ . i s t : i e s : r c i ’ t s

;u i i s oe i i  I 5¼ e,t ’t’ uio. i , b e ,it limos ) mi ls o,’i ’ s o u h t , u g,,’s , and to nuuli p hi- o o t g
b t ,e to u r  o leiei’nuiny ’,l . I ho e su’ iusou r so _ m s t o u t  o i s t ’o I so ithi

HIGH-INTENSIT Y ELECTRIC FIELD l io t_ i hi s o ’ i i , oo_ i c liet , i t o t’ oi l io isstf ) Ie ui t ’ i t i u_ i  beuss eeti

5 E X P O S U R E  TEST pi t i t e ’s ,o o i , I su ’ l m s m i ’ I lie uuit t hti plv iti o_i l t m s ’ t u m r  1, 1 s t ’
l i u l ,y ’if so ,os 12 N iii 0 I I N ~,l 1 me-i’ 5 omIt l i m i T S  t Ic’

Test ~J1ethod and Obj ective u oi l ss ’t I lt e i u ’ b o  i o o ’ ob oe  Iiuilse’r t ’ o oi ui o h he o ’ pm ’ t . o t y ’d ,‘ t 121’

l’s l o u  ,1,’ ulo . ’ i ’ , i l s ’ . 011  s l u s h  i ,. tieltl l l i t e ’ u io i t s  o u t h - h

b -  pur po s e u i b  t h o m ’ h t uo ’b t ’it utc nsil s t h e y ’ l l  t~ t ’mcl o t ‘sIN ito ( I S  \ t  ‘o s’o l b l’s’ts o y’em o due’ pht i tt ’s . t i t o s  ‘ i i l s e ’ o

m -~~1 o u i S i , i tO ,’ ty”,t si- is i o u  , lm ’ i ’ o ’ n u o t o e  the ef leci  o ut ’ .0 high s iu lm , ige  so .ms o o ss ’ul uu th u s ’ i cs t io ie t , I ’ u , i oo t e  12 o s to u r o o . o . ’ o ut
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I 
, , the detecti on syste m . Because the fiber wa s linger

~ _______ 
,
~ than t hose used in thu. pres lotus expe nmnhents greater

attenutit ion omecurred with mnly a 2-N’ output signal.

:. ~
. amplifier circuit ntis about 51) no V . 5 00  filtering w as

. 

. 

I 

I he hi gh t ’req uencv noise level of the omutp ut ouf the

‘ ‘a, ioe ces sa rs . Ito selecting filter parameters , it was

- ~~~~~~~~~~~~~ 

‘, assunicd that if a detectable disturbance in light
trt unsniiss ioim lv the fiber occurred , its characteristics

‘ , 
svo)u ld be son i mi t o r  in time and frequency content iou

~~~~~~~~~~~~~ 
.~ thou s e omt the tipplied EM P pulse . A filter so tos there-

f o o t e desi gned to pass the l-~~ec pulse shown in
I i0,uue 12 Ihe tt lt u.r shoson in Figure 14 so as a

..., 
. ~~~~~~~~ 5 . 

~~~~~~~~~~~~~~~~~ 
lain! - ptmss type with kmwer anti upper corner Ire-

.;, ~ °“.1 
~~~~~~~ ~r’ 

- ‘ ‘ quem ocies ~mf 500 kHx and 5 noHi,. respectivel y.

Alohieiugh a noise level ol’O,4 mV was still present
Figure 12. I’vp ical pulse front e’fie’ld semisomr for .:f ic-r f iltering, further filtering was not possible.
simulator l ’ ’ s Ih ’  uo ’oeas uremetits. since t he f requency of the noise was within the spec-
Scale: I N - vertical division truni of t he expected signal. Figure 15, which is a

2)0( 1 nsec-honi,ontal division picture out six consecutive oscilloscope traces of the
tiomise. shows that the traces have similar appear-

typ ical electric field measurement. The duration o mf t it~ces . but do not occur at the same time. The fourth
the entire pulse i’, about I ~sec. and f ifth traces look alike, hut the fifth trace lags the

fourt h lv about 0.5 ~~ec. Exam ining many traces
The (iO’ft (ls . ,~ no) length of optical fiber was used: indicates that the noise pulses occur randomly in

2(1 ft (1. 1 m) of the fiber were placed between the too time.
plt ites . an d the remainder was used in going to and
fr ont die shielded enclosures. Because o ut ’ the random nature of the noise , a

multi ple exposure picture of many traces would inte-
1 lot ’ fiber so too so rapped around a t i in. X 6 in. X 2 in. grate the traces into a broad , strai ght trace line; any

( 15 .2 CIII 15,2 cm x 5.1 cno ) cutout cube of poly’ repeating signal would c:ouisc a shift omr change in the
su u,rene; the permeabi lity of ’ h iom lv s t v rene  is sufit- htosehitie ot ’ t he si- ide trace. ‘I’his techni que mf multiple
coei i t iv c hose to that of air to prevent excessi ve distor - e\po u si mre so as used t om iniprove the nieasuremenu
t i o u l o  of the electric field , The fiber si- too osniented in rtottge tos much tos possible.
t hi’ee us t o s s  inside the field iou eliminate any possibility
thai a ctt r ,cel lt itiomn t I  fe’ct so to o occt lrring in a partieu- ‘lo t  tri gger the omsct llosco .m pe. .0 loop of so- ire so t ms
har su r oen ta t i i ’ n :  passed t O t  omf the’ enc losure and connected to the

extert itu l trigger input on the scope. Operating thie
lie Io mmm 1 ms ou t  f iber ‘- .  s n,,’ pltteeti partollel t o m the sc ou l se in the external tri gger niomde insured that till

50 0 0 y’ound t u m.io irs o los p i t m s e ’oi t race’ s s i-so und li _ to e the s,orn c time relation-
shi p rt ’ l tut  i s s ’ lo u the applied i M  I’

I. the lo u o o ps ss er e placed perpe’tidie ’u t it in t o o  the s t i l l

yl l o e t o u t ’ s Test Resulfs

e’. the fiber so us numunteo l omn a shu.’y’t o t t  t . m i  s l i u u ,,i o t I L o o m  ~- s iii . I ‘ . tuio l 15 .ors ’  nuu ht i ple irtuce omscu ll o—
iii ti / 0 0 , / , 0 ,1  l . 0 ’ b m ° t ° O ~ uloti 5 0 5  o ’ r l t i l t p t t l o .5 i t se l f ,  I m t ’ i s i  t 1.1 su,_’ mm 1m y’ phou t i usi r .o 1u his shoni- t ie ’  ihie results t u mr t h e  tihser
sh ium so s u b ie ’ dit here mit o t r o e ’ i l i , o t i o u m mo in p .or :illel , pto’p ct iof jcti ltum’ , and /og-,.og om n i e’nia ti o u to s .

N’ . t , o i o  hi s ’ s , ’eii f i ’ , i ioo the piv ’ttn’e’S t o o ’  delectable
I lou ’ IFI) m o t  I)U o b e S e  dr ivei’s si- y’re pt ,n u ’ o l iii t u mlv ’ s u . , t i u mm i  ‘b I iui nm ( I-) i t t . ou r a 0. 2- i t o ’s devi at i o mm i

univ shty ’luled y’m iy’ Iuus um’ y’ t u m  ehi nutn ,uie ’ iho t ’ ‘ o - ’ ° ’ 0 l t i i t i~ ’ mb . o o i m l , o u_’ o u ns t t u iu t  2 N l)( - signal u_ i — es ii tu iI,e ’ .osuo r t ’ment

an -  _ , ‘ t t u b  Ii, i o u_i  i t i u l n t e ’ , l un 1 1 I I ui’ ol ros tug i , 0 0 0 u _ e ’ ,‘f .501 ,l ht I b i s . ml t h u y ’ry i-o tis , u t ts  y f l y - et on the
s o ‘~‘ ,,‘ t t  - iho.’ 1) 0 1St’ . Il~’ 0~hi~’i so _ os 1u , isso ’ob throu uig hi t ibet ’ , 0 0  Soi ls nlo mry ’ t hmt m i i  S j t  OH beloui-o the iiou u’moil s i g—
ul tu  fit ‘I iliu m t h e  o t t h i s ’i s bo i e ’ bo l t ’ o b t ’ u i s ’ lu s o o i  ‘ t ° ‘ i t t t un ut i g  u ,ol lyse l.
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Figure 14. Band-pass filter ,

I

Figure 15. Sm s o m  uns ecut t o e ii aces from pho todetector
tump litier d uur ’ mu u _ EM P suil ’tection.
Scale: 2 ni’s ‘ i _ t i  ic tol ml us iou n

I u’ i ’o ho ‘ri, ) nm ,m I ol iv is ion

~s~uiamiia

f igure 16. ~T uil i m I m Iy. mr,icc Islloioo liii’ pam ~u IleI filer
0 O t ’ i t  ii ’ i i miumi —

Si_ ’ 0 u l~ 
‘ it ’s  vo,’nt iv ’t ul duo ’ isto m ul

I u io s e ’,,’ Iuou ri ,ou ntal of m o o  ioutu

2 1
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Figure 17. Mul tip le trace photo for perpendicular Figure 18. Mul ti ple trtice 1 u i o o o u i u  for ,ig.iag fiber
ti ler o ric n tt uti e mn . ounieuit t it iof l .

Scale: 2 i t t ’ s ,  sent  c m l  division Setole: 2 niV e i u i c :m h divis uomn
I nisec. homri ’to nttil division I mi-cc ioo un iz o mn ltu l dh’isiiun

6 CONCLUSIONS Ex pvtsure o f  t h e  tiler to an EM1~ of 1 000 000
N no (014 .40(1 N ‘ ‘ yd) created no m nictisoira lle no Ose

No expected. the lIMP pr uduced no interference sig nto l .  ‘[lie syste m’s dy m sa ut i uc rt m uoge s o t os  such that a
so Oh datti t ransnlios iumn s - ia t he op t i ea l  fiber sv s ic000 - signal-to-noise ratio suf at least 5(1 dB c_ ito oIieret ’ore
‘s lo t ’ as e’sp cc ue d , mf the tour data trato smis s it mii lines he tossured
tested—the uniwiste f puoir. the twisted pair. the eo u ’
o xi t i l  cable, and the t o p t t s t i l  tiler—the untwisted paui’ CITED R E F E R E N C E S

so t ms the so uoi ’Ot case. ‘[he tests without steel wool
packing the i _ t o o ls oif the cymnduit demonstrated that Black. H - S.. Modulation / /iu ’iou l ’  l’s aim ~s s i s t r , o t i s l

a metal com nduct oi r ’s data tratismission line no tov per- Cot ,, Inc., 1~)5 m3), Chapter 4 .
mit an I’ 511’ io u he ,,‘,,mtiducted into the shielded enelo-
st ure : such to promh lent o b o e s  ho t  exist  with the optical 5 0 0 0  b oor L’bo ’v ’rr mtia gno ’t i& ’ Pu/_so ’ I N  i t / i ) i’m’ s!. ’, !(uo,u

titter. I M 5-555 -5 ( Dv °pt mt’t me ’nt u o b  the ,-‘o r 0 0 0 s  - l0 ’ 4 o

The icots qualitativel y demonstrt oted the metallic UNCITED REFERENCES
conductors ’ suscept ibility t o  EMP at hsmw levels. The
ouptica l tiler was f ’omun d to provide error-free data Bitiu’d . J. R.. Ojotoeh ’ o ’tro nio ’ .‘lo~ uo ’ si ,’o u t  ‘1 m ,uuoo o
trt unsniission under the same test coind itions. ,S’o’ ,s iu’un s II . Techiniettl Report AFA L- ’I’R- 5 - 45

(Department of ’ the Air Force , May lQ S m l .
l’he high-intensity li ght transient testing showed

that black polvv inoml chloride jaeketing over the fiber Gagliardi. Robert M. and Sherman F~turp. Opti cal
insures at least an M”.9 dB si gnal- t o -noise ratio (‘o,,z,flun l~’Ut ions (John Wiie~ ~~ Soo n ., 1°-rb ,) .
during t he transient. For practical purposes. the
fiber can therefore be considered immune to \‘ ,iriv , Anmnon , lntrod uctio,u to Opiueo ’l L’/u ’o ’i,’,ono, ’ ,s

ambient light flashes. (Holt . Rinehart and Winston. Inc..
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