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CzFzcitive Embe E Field Senkrs 

The 0zYXnay concep t of a.detector sensitive to E fields tit not . . . 
to B or t0,V.X I3 Is an antenna, However; the banduidth of even the . 
mst 2dvanced conventional antenna6 (e.g. 100:1 for a log-periodic) 1s 

60 narmv couqared to the banduidths reqaircd for covering tne'signal+ 
\  

:  _-: ‘, __. , . . . ._, .  r _.=_ ~.,T..- - .-. : .  -_‘:,; . ,  _. r.._- ‘. 

*' of interest (typically 105:1) that mrch devices have very limited 
? 

‘-1 
2pplicability. These banduidtts can be covered, homer, by a &all ‘1 - 

ca>aciti-;e probe working into an essentially purely capacitive load. . 
Such a technique va6 first used correcC,l;r by A. Glenn Jean of IRS on 

U~ahot-kothole in 1353. Such a probe Fn.its siqlcst fom is not 
. 

suiteble for use in a radiation envimnnent be&use of the effects of . .g$ 
Conpton electmns, photoelectmns, secondary'wi6siop, and air conductivity. 

- ..*.ig 

Ke shall restrict the zrssect tiscuosion to a non-radiation envimanent, 

2nd the effects of these other phcnomers viU be discussed in other S & S 

rates. 

Coxider 2 rcglon Df zioient electrzsxatic field containing an 

assenSl2ge of sxl.l unck6rged 

conducting bodies, each too 

mall to perturb the field 

2pg?eci2bly. Each ca.c till 

2cquire tLe Dotential cpi of 

its local part of the field, 

.ES &etchcd.at the right. . / R I 
If ZLSJ a number of these are to be =6enbled together to fom 2 

conductiq Fm'oe, the 2FfSrences of $teztial between then ntust eeuse 
. 
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T h e  crd incry  c o n c e p t o f a  d e tector  sensi t ive to  E  fie lds  tit n o t 

to  B  or  to  V  X  3  is a n  a n te n n a . H o w e v e r , th e  bmd-v id th  o f e v e n  th e  

m s t a d v a m e d  c o n v e n tio h a l  a n te n n a s  (e.g. loo :1  fo r  a  log-per iod ic )  is 

so  nar rov  c o w a r e d  to  th e  b a d w i d ths  rcqu i rod  fo r  cover ing  th e 's ignals  ‘1 . 
"  o f interest  ( typical ly l g5  ' :l) th a t such  dev ices  h a v e  very  lim ite d  ~  ..\' 

a p @ icabil i ty. T h e s e  b a n d w i d ths  c a n  b e  covered,  b o w w e r , by  a  ,% i!sll \ - 
. 

capac i t ive  p r o b e  work ing  into a n  e s s e n tia l ly  pure ly  capac i t ive  loat?.  . 

S u c h  a  tec jn ique  z~s  firs t u s e d  correct ly  by  A . G l e n n  J e a m  o f il iE s  o n  . 
U p a h o t-X m th o l e  in  1 3 % . S u c h  a  p r o b e  in  its s ix@ cst fo m  is o q t 

C  \ 

su i tab le  fo r  u s e  in  a  rad ia t ion  env i ronner?k  b e c a u s e  o f th e  e ffects o f 4 7 3  - hj.!,' 
1  

C o n p to n  e lectrons,  p h o toelect rons,  seconck7  e t issiop, ,a a d  air  c o n d u c tivity. 
j fr::$  
w  T&r  

W e  &a l l  restrict th e  >reser, t  d iscuss ion  to  a  non- rsd in t ion  e n v i m m e n i ;, 
i L  y;+ . ?  .- t ,. .;;’ . .,i,ru i  

a r id  th e  e ffects o f th e s e  o the r  p h c n o ~ ~ s a  v i11  b e  d iscussed  in  o th e =  S  &  S  

n o tes.  

Coca ide r  a  reg ion  o f a iab ien t  e l e L I **xstatic fie ld  c o n ta in in ;?  a n  

a s s e n b l a g e  o f ma l l  u .zc: larsed 

c o n d u c tin g  bod ies ,  e & 2 %  tco 

m a .L l  to  per turb  th e  fie ld  

apprec iab ly .  E a c h  o n e  till 

acqu i re  tke p o te n tia l  q i  o f 

its loca l  par t  o f th e  fie ld,  + L  

. !' * 

es  & e tched a t th e  r ight. i ~ 4  i 
If n o - d  a  nULr iber  o f th e s e  a re  to  b e  asset io led  to g e tl?e r  to  fe rn  a  

. 



i: a charge redistribution which, together tith the applied field, till result 

: in zero net field tangential. to the conductor surface. The resulting cowsite 

body must be an equipote2tia.l $0. This is entfrely equivsleat to usi.~ the 

principle of superposition to add the field appfied,to these bodies due to . 

some remte configuration of charges to a second field arising fi-om re- 

distribution charges on the bodies of interest to arrive at a net, field 

e&i dying the bcluna8zy coaditions. An edditional. condit3.on to be met is 
that the net charge after redistribution must be zero since we have as yet 

providedno loadpathtogroti. 

Consider N particles which are to be interconnected, and assume that 

i-1 have now been akmbled, leatin& the i th partfcle of capacitance ci KLth ' 

a potential qi next to be connected to a main body with capacitatxe Ci z 

( 
and a potential Bi 1.. For the tine being we shall consider ensembles sraalL * n 

enough so that their mximm cibenafons are <<c&t,where At is the tiae 

required for my significant change fs the applied field. Then the field 
a"A reduces Proms = -<q - at, whe*e -ii is the vector potential, to the static 

. 
! 

c 

approximation iZ 

teristic of the 

inductance), 60 

simply ~requires 

I -$. Under these conditions the 

particles fa their capacitance (no 

when we connect the next particle, 

that 

only electrical charac- 

radiation resistance or 

conservation of charge 

The corabtied body will have a total capaqitance 

ti a potential . 
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T h e  last express ion  a b o v e  3 m 3 e d i a te3-y  i.np lLes  th is  equ iva len t circuit: 

a n d  fo r  connec tin g  th e  n e x t par tic1.e or  fo r  ‘dr iv ing a  l o a d , th is  b e c o m z s : 

(, 
For  th e  e n tire ense tib le  o f N  par ticles n 'e  have : N  

T h e  p o te n tia l  con tr ibut ion o f each  par ticle is th < s  seen  to  b e  

we igh te d  accord ing  to  its capac i tance because  th e  p roduc t is a  ~ ? e a s u r e  

o f th e  p a tS clels abi l i ty % o  con tr ibute charge , o r  o f th e  charge  requ i red  

to  c h a n g e  its p o te n tia l  f roa th e  a z M e r ,t va lue  to  th e  fin e ;l va lue . Thus  ; 

th e  p o te n tia l  o f th e  compos i te  body  is th a t 0 2  its " cen ter  o f capaci tance" ,  

wh ich  is sorxwhat ana logous  to  8  cen ter  o f IIE L S S . This  is th e  reason  fo r  

th e  re fe rence  in  a t- a n te n n a  tex ts (e .g . S che lkwoff a n d  R % io) to  th e  

e ffec tive he igh t o f ti shor t a n te n n a  as  th e  "he igh t o f its cen ter  o f 

capaci tance" .  

. 
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In the litit the sum & ions above becom e integrals over the eurface. 

Since the interior of 8 conducting object is all at the potent&d, of its 

:! surface and since all charges appear at the surface, the behavior of a 

solid conductor is identical to thet of a Wn conducting shell. Thus we 

find the equivalent circuit of a surface R com prised of elem ents dfl each at 

' a potential cqm  a.ud having a capacitance q, to be: 

lB= -u // h I c 
0 

In the QeciaLcase of a previously-uniform  vertical. field at-all 

dIstancea z above sorae reference plane, and a structure of height L with 

Citit becoxf?s 

The unloaded effective height heff fa the rat& of open-circuit output 

voltage to applied field, and is seen to be half of the physical height in; 

this case. This is an excellent approxim ation for thin tires or thin cones, 

and Is frequently used without fkkher corrections. For m ore precise work, . 



:! capacitance as measured by a aeter at the ouQut ternbails in the absence of 

corrections are diecussed later in this note. The capacitance is siz@y the 

applied fielda. 

Now let us look at a different 

approach. At the right are sketched -'$ 

the resulting field distribution after 

c. 

inserting a straightwire Fnto a 

previously-uniform field, and of a 

pairofwires. The latter case is 

of particular interest because the r c 
eqtipotential V, can become our 

groundplane. First consider the 

single wire of length 2a and a 

uniform anblent field E, as 
lower 

sketched at theAr%ght. The net 

tangential field mst be zero, so 

the redistribution of chaxge must 

create a secondary field E P -E. 9 
(The Eq as shown x&k turn out to 

be negative.) Then we have 

E EJV=~ x - 
9 

along the tire, 

where V is the potential of the 

charge distribution, not to be 

confused with the ambient potential. 

field cp. In fact, cp + V = 0, since 

the tire is an equipotectial those 
. 

,. 
-. 

wlded 
E 

Z’ 

I I Eo 
dz 
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absolute potential V, we shall call zero. Then 

r For a uniform capacitance per unit length %, the chakge per uniti length q is 

The continuity condition on the dowrmkk as A & current i in the wire is az = bt . 

Usiag Laplace transform notation, . --\ 
‘\, - 

Assume negligible end capacitance for the time being. 

are then 

so 

Cote that ? le&s 2 by n/2 in phase angle if s ia jru. 

Note that the distribution of ^I along the 

wire is parabolic, rather than the usual tri- 

mgulw (mall-eagle sine wave) distribution 

tiich is ordimrily pictured for short wires. 

This is because the source elements &Lz are 

distributed all along the wire, rather than 

concentrated at a pair of drjiving terminals. 
. 

. 

The bound.ary conditioxG5 

t 



n 1\
Wecan work the problem above without unat. Vo • 0, thualy:

.•.. "\

JI "\ £- -= S 't :: - S cl< ZJz

"'1'his can only be satisfied. tor Vo • 0,U before.

Nowlet us conaider the lIp1it Y1re, ot

wb1chthe upper balt can represent a probe &boTe

a grouncl plane. To get a untt01'll C4q)&Citance

per un!10 length, this idealized .,4el can be

bicoDical. (Assumenesllcible end capacitance

.,ain.) The ~ ot such a conf'igllration is

Tr€
C =--- ~

K k JI

were a 1s the eone radius at height s.

"This t1Jle w •• 10 retain the Vo tel'll to get the potential difference

between the cone tip••

1\

1:.-

A
Tbe boun4arycoDditiona are I(t 1,0) • 0, so

"\

A SCI( E ( .\I (z >0) = ~ z .1- z)
A ",I
Vo :: £ 2'
~ "\

'" S cl( Ii'" IJI (~~o) = 2. (-z) (/ff2)

A " 1VC'_ OJ: - £. e.



c The open-circuit volt2ge difference = G 
0, = $4. c 

The effective height is half of the physical height, as vas expected. 

. : c 
‘, 

Now consider a load capacitmxe Cf 

terminal of the qper cone and ground. 

connected betveen the output 

1 which gives, 26 expected, this equivalent circuit: 

How let us consider the mre usual situation of an irree;ularly-&aged 

probew%e&C az is not a constant, but is an arbitrary function of z; g = c(z): 

4 h 
= s; = - sc(z)Ez t s CC2l v* 

First consider an u4oaded probe above a ground plane: 
- 



C 
.! 

Just as was expected, heff is the center of capacitmce, since the ratio 

of integrals above is identical to the form for center of ma89 or gravity. 

How connect a load Cf at the base 

\ ' 

tiich gives us the expected equival.cnt ciscuit: 

&= JLJ 2 

A few cometis on the iqlications of the results above are now in 

order : 

If we hare a probe of uzifom capacitance per unit length ck 

(W3*, a thin cone) and change the value of this capacitance while 
i 

keeping it unifom (e,g., changing the cone aqle), the source 

impedance in the equivalent cfrctit is affected but the effective 

height is not. 

. If we have a non-unifom C(Z) and change its qnitude while 

holding its distribution constant with respect to z, the sme 

situation obtains. 
. 

. . i 



The paragraphs above are significant in considerFng the load which the 

jirobe can drive w-!.thout distorting; the wzrvefona, since any physically real- 

izable load will co&ain some resistance which usually cm be represented 

thusly (we ignore for now active devices which can generate negative 

From convent$onal circuit analysis we know that eO will be a f8Jthful.,replica 

of $ for portions of the waveform for which s >> l/R(C+Cf), and that V> kXL 

be pzqortional to dE/dt for s <C l/R(C+cf). * c 

For the cases considered below where R may be ignored, the frequency . 

response is flat anii ye shall omit the circumflexes from E and V,. 

In the general case of a non-uniform c(z) we must use the complete in- 
. 

tegrals akve. Ikwever, this can be slmpli?ied in rkny practical cases where 

the total capaci+ace can be considered to be made up of 8 unifor%Ly-distributed 

portion c$! plus a concentrated portion C zo. 
localized near some particlitar 

height q. We then write 

%%ere b(z-q) is a delta f'unction located at z = k, such that b(z-zo)dz s 3. 

The total capacitance is then 

and the open-circuit voltage is 

= CJ f- cz 0 i 

. 



. For convenience we break the first integral up into two portions: 
20 P 

E/lr/; = $ / CpL f 
0 0 

These three terms represent, respectively, the contributions of the uniform 

( 

portion below the concedxated capacitance, that of the luuqed capacitance, . 

and that of the portion above. The equivalent circuit of these three with 

a load capacitanci% Cf is: 
! 
I 

. 

!T!wo special cases are of particular interest. !The first is where there is 

a concentration of capacitmce near the bzse (zO-+o) and CzO becor;les a base 

capacitance Cb while s& is the m&n antenna capacitance C . Then our a 
equivalent circuit becomes: 

i 

. 
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1, ’ . 
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(‘. There ELZT two ways of looking at the 

effect of Cb. The first is eqhasized __--- 

in the equivalent circuit above, where / 

s is represented as a load which 
I 

attenuates the sign&. Cf if3 8 special I I I 
-' c8se of %' The alterzztive way of I 

z-0 . 
lookbg at the effect of the equivalent cizk&,t: 

. '1 \ - 

l 

1  

The effective height is now seen to be lowered because of the lower center 

of capacitance, while C, is the msmred capacitance. Either point of view . 
remits in the sane o-@ut signal: 

A comm error of experimenters in the past has been to use the equivalent 

circuit 8t the right, in which the 

effective height is half of the 

physical height, and Cc is the 

?%%smlred capacit8nce. 3y not 

recognizing that part of Cd nray 

be Cb, the error is a factor of 

C8/( C8+J l 

. 
t 



The other special case is that of a concentrated end-effect capacitance 

or of a top plate. ROW zo+_L and C z, 
= Ct: 

\ 

Again there are two points of view. One emphasizes the increase in',effective 
\ - 

height due ti the higher center of capacitance with Ct tuice a6 effective 

(’ 

The alternative point of view considers Ct as a negative loading capacitor 

which increases the signal: 

' Another commn error of experimenters is pointed up by statements made 

to the.writer to the effect that the effective height of some probes has 

! 

’ . 
c seemed to chaqe as a function of the load capacitance Cf, i.e. the output 

. 



of a primarily base-loaded probe has not seemed to follow the expression 

The main cause of this discrepancy appears to be in the division of Co into 

C, and t$ rather than igno&q of Cb. In parkiqular, the. non-ideal geometry 

of practical configurations (which arises as a result of the : simuJ&an eoU8 

needs for me&anical support and electricali~ationatthebase) results 

ina signalcontrLbution tinmetallic areaswherez, = 0, andwhichthus L 
vould mumalLy be considered as contributing only to Cb. Aa an e.r!xem case, 

coneider an insulated flat plate flush with the ground plane. The f&t that 

this haa nun-zero dimensions transverse 

to theE fieldmeaarsthata signal will 

be picked up'evea though z, = o. This 

effect may be calculated by noting that 

every 13 (=aE). line must teticste on a 

charge. Thus D*A coulombs must be supplied to the plate from the surround- 

ing ground, where A is t'nc top area of the plate, Just to keep the plate 

at ground potential. If a non-zero impedance connects the plate to gmund, 

EL s@.al till appear on the plate. BOW this impedEWe i6 the Cap&f.CitanCe: 

of the plate to the walls of the enclosure below it, plus its edge capacitance, 

and plus the load Cf. Such a plate (called a Watt plate, af'ter 3.E. Watt 

of IASL who suggested it) Has u&d by Karl Theobald of USI., on Teapot in G 

1955. The signaL from any portion of the base of a probe which resembles 

. 

a plate must be added as a fourth contribution to the three-source zmdel 

used earlier. In order to be sure that nothing has been left out of these 
I 

. 



c ’ mdels which night Indeed indicate a chmge in effective height with load, 

: ! the writer ran a controlled experiiwnt mder 1aboratorJ conditions on a 

probe which offered significant contributions from all four terms. Within 

the limits of experimental error (much szaller than. any of the four effects) 

the behavior with vaxying loads was as expected, and the effective height 

remined constant. i ' 
HopefuUy, a diskussion of techniques for making these effective 

height and capacitance calculations and capacitice measurements can be 

included in an S de S note in the not-too-far distant future. 


