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FOREWORD 

Th i s  work was performed under t he  j o i n t  auspices 

o f  t h e  Atomic Energy Commission. and t h e  Defense 

Nucl  ear  Agency. 



THE LLL TRANSIENT ELECTROMAGNETIC MEASUREMENT FACILITY: 

A BRIEF DESCRIPTION 

I. INTRODUCTION 

Advances i n  sub-nanosecond p u l s e  genera t ion  and sampl ing techno1 ogy 

have p rov ided  t h e  e l ec t romagne t i c  eng ineer  t h e  use of  p u l s e  techniques 

f o r  va r i ous  antenna and s c a t t e r i n g  measurements. The' data i s  o b t a i n e d  

i n  t h e  t ime  domain and conver ted  t o  broad band f requency domain i n f o r m a t i o n  

by  t he  use o f  t h e  Fas t  F o u r i e r  Transform. T h i s  r e p o r t  summarizes LLL 's  

t r a n s i e n t  EM measurement f a c i l i t y  which i s  s i m i l a r  t o  t h a t -  desc r i bed  by 

Bennet e t  a1 [I]. A more d e t a i l e d  d e s c r i p t i o n  i s  i n  p repa ra t i on .  

Pulse t ype  systems e l i m i n a t e  t h e  need f o r  an expensive anechoic chamber, 

a 1 arge o u t s i d e  area f a c i l i t y  and equipment f o r  measurement o f  amp l i tude  

and phase over  a l a r g e  bandwidth.  A lso ,  t he  ease i:n which t h e  e x p e r i  - 

mental  se tup  can be changed i s  enhanced. 

I n  i t s  s i m p l e s t '  form, measurements a re  ob ta i ned  i n  t h e  t ime  i n t e r v a l  

f rom t h e  t ime  of i n c i d e n t  p u l s e  t o  t ime of a r r i v a l  o f  t he  f i r s t  r e f l e c t i o n .  

Th is  t ime i n t e r v a l  i s  determined by t h e  s i z e  o f  t h e  ground p lane  and 

t h e  l e n g t h  o f  " i n f i n i t e "  r a d i a t i n g  source. .  Fu r t he r ,  i n  f requency domain ." 

terms, t h i s  t ime i n t e r v a l  determines the  low f requency c u t  o f f .  Fo r  t h e  

LLL f a c i l i t y  t he  c u t  o f f  f requency i s  50 MHz; however, i t  can be extended 

b y  simp1 e exper iment  modi f i  c a t i o n s  and da ta  processing.. The upper f requency 

c u t  o f f  i s  determined by t h e  measuring equipment bandwidth.  I n  t h i s  f a c i l i t y  

t h e  upper f requency c u t  o f f  i s  about 3 GHz, which can 'be  extended t o  10 GHz 

by a d d i t i o n a l  da ta  p rocess ing .  

11. HARDWARE 

The range c u n s i s t s  o f  a 28'  x 28 '  aluminum ground p lane.  The e x c i t a t i o n  i s  

f r om an I K O R  p u l s e r ,  which produces an approximate gauss ian pu lse ,  w i t h  a 

peak v o l t a g e  o f  1400 V and a h a l f  w i d t h  o f  300 ps. (Other  p u l s e  sources o f  

t he  reed  swi t c h  v a r i e t y  a r e  avai  1 ab le .  ) For  t r a n s i e n t  response and s c a t t e r i  ng 

measurements t h e  pu l se  i s  a p p l i e d  t o  a v e r t i c a l  w i r e  approx imate ly  14 '  i n  l e n g t h  

The r a d i a t e d  f i e l d  i s  produced by t he  smal l  source r e g i o n  a t  t h e  ground p lane  

s u r f a c e  where coax ia l  f eed  l i n e  connects t o  t he  v e r t i c a l  w i r e .  



The measurement system cons. ists of  a  T e k t r o n i x  sampl ing scope (bandwidth : 

1 8  GC). The v e r t i c a l  o u t p u t  of  t h e  scope i s  connected t o  t he  data 

p rocess ing  system (F ig .  1 ) .  It shou ld  be no ted  t h a t  d i g i t i z i n g  t h e  da ta  

d i r e c t l y  f rom the  v e r t i c a l  a m p l i f i e r s  produces much g r e a t e r  da ta  accuracy 

and r e s o l  u t i o n  ove r  conven t iona l  photograph t o  f i lm  reade r  t ype  d i g i  ti zer  : 

i .e, , i t  i s  n o t  necessary t o  cons ider  a1 1  o f  t h e  problems assoc ia ted  w i t h  

de te rmin ing  the  cen te r  o f  the  t r a c e  on a  photograph. The h o r i z o n t a l  i n p u t  

t o  t h e  scope i s  c o n t r o l l e d  by t he  da ta  p rocessor  and a l l ows  convenience and 

f l e x i b i l - i  ty i n  the  number o f  samples ob ta i ned  i n  a  measurement i n t e r v a l .  

The t ime base sampl ing i n t e r v a l  i s  chosen t o  produce t h e  exac t  number o f  

samples t o  i n p u t  t o  t he  Fas t  F o u r i e r  Transform r o u t i n e s ,  128, 256, 512, e t c .  

The da ta  processor  c o n s i s t s  o f  a  D l  12 min icomputer  , and assoc ia ted  p e r i p h e r a l  

equipment. I t  i s  a  1 2  b i t  machine w i t h  12K o f  co re  s to rage .  The so f twa re  

i s  compat ib le  w i t h  a  DEC PDP 811. The 12K o f  co re  i s  adequate t o  handle 

t he  r e s i d e n t  da ta  a c q u i s i t i o n  and c o n t r o l  r o u t i n e s  p l u s  add i t i ona l .  p rocess ing  

r o u t i n e s ;  FFT, p l o t t i n g ,  magnet ic tape and h i g h  speed punch and reader  

ope ra t i on .  F i g .  2 shows the o v e r a l l  system. F ig .  3 shows a  t y p i c a l  p l o t  

o f  t h e  raw data.  These p l o t s  a re  produced on 1  i n e - a n d  s imu l t aneous l y  w i t h  

t h e  da ta  a c q u i s i  t i o n .  

I I I. OPERATION 

The types o f  measurements t h a t  can be per formed a re :  

a) Response o f  s t r u c t u r e s  t o  t h e  pu l se  i n c i d e n t  f i e l d .  

The . i n p u t  pu l se  can be un fo l ded  numer ica l  l y  t o  y i e l d  t h e  

impulse response o r  t he  response t o  any g i v e n  i n p u t .  

b )  Response o f  s t r u c t u r e s  t o  i n c i d e n t  pu l se ,  w i t h  a d d i t i o n a l  

r e s i s t i v e  l o a d i n g  a p p l i e d  i n  s e r i e s  w i t h  t h e  s t r u c t u r e .  Th i s  

decreases t h e  ring-down t ime f o r  s t r u c t u r e s  w i t h  h i g h  Q; a l s o  

i t  i s  a  s imp le  m a t t e r  t o  u n f o l d  t h e  l o a d l n g  f r om the  data.  

c)  ~ c a t t e r ' i n ~  f r om a  s t r u c t u r e  o b t a i n e d  by a  probe a t  known 

geometry f rom the  s c a t t e r e r .  

' d )  Transmiss ion through a  s t r u c t u r e  , such' as a  screen,  i m p e r f e c t  

conductor ,  e t c .  
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. e )  ' .Broad band terminal impedance can be obtained from reflectometry 

techniques. A t  present the software necessary to compute, 

impedance i s  not implemented, b u t  can be readily obtained off- l ine.  

f )  Short c i r cu i t  current and open c i r cu i t  voltage. 

I n  addition to  the above measurements that  have been made; near future 

implementation of skin current, and simulated f ree  space i'ns trumentation 

will  be available.  

Fig. 4 and 5 show a VEE dipole experiment with the so l id  l ine  being the 

measured data and the asterisk the calculated response [2,3]. Fig. 6 shows . 

addi tional targets that have been analyzed [4]. A comparison between the 

measured and calculated response i s  shown in Fig. 7 for  the model on the 

right-hand side of Fig. 6. 
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Figure 1 .  Sche~at i  c of LLL transient electromagnetic measurement fac i l i ty .  





Figure 3. Response of a U-antenna, plotted as the data were acquired. 



Figure 4. The V-di pol e experiment. 



F i g u r e  5. Comparison o f  measured response ( s o l i d  l i n e )  

w i t h  c a l c u l a t i o n s  f o r  t he  V-d ipo le  antenna. 
' 



Figure 6 .  Typical Targets 



F i g u r e  7. ' Comparison o f  measured response  ( s o . l i d  l i n e )  w i t h  

' c a l c u l a t i o n s - f o r  t h e  1 /4"  t u b i n s  model o f  a  747 a i r c r a f t :  
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