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Abstract - This paper deals with the cOITlputation andITleasureITlf'TI!; of he 
Iniiituripedance of folded-·dipole anl:ennas. A general expression for the 
input iInpedance is given i.n terITlS of the self- and :mutual radiation iIn
pedances and the transmissi.on-line iInpedance of the two conduciors 
composing the folded dipole. Approximate values of the radiation hnped
ances are computed using Induced em.! with sinusoidal current dis'ribu
Eons and integral equation met ods. Experim.entally and theorf::tically 
determined curves represenHng e resisiive and reactive cOITlponents 
of the inpu. iInpedancf! as functions of frequency are given for represent
ative f Ided dipoles having equal- and unequal--size conductors. In some 
cOITlput.ations the effect of the gap capacitance at the feed point was taken 
into consideration. 
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known, t.he impedance of the ant.en a can be computed,. However, the pI' b

lem of det~rmini g the current distribution is a ver.y difficult one to solve. 

In solving for t cur nt distribution and hence im,pedances of two 
~ 

3identical coupled antennas, King an.d Harr ison have resolved the applied 

voltages and t e cu ' nt into syrnrnetrica.l and antisyrnrnetr ical components 

followingasuggest"onmadeindepende lybyDr, A H, Wing, andMr. Roger. 

Clapp. T ey utUiz d H 11 
1
n's 4 ur graJ equa' ion 1.. :"thod o. determining the 

current dishi uii n Tll ir computa'.j,ons were lirnltedto pacingsgreater. 

than 0"05 way lengt So They showed that the current dist.riblltions on coupled 

parasiiic antennas are different from those on the driven antennas; that the 

s 1£- "rnpedan of he a, enna Al In. 1I 5 a,L e Iu ct" 0 of spacing when t e 

spacing is small; and t at the a sumption of inusoidally distr' uted currents 

is incorrec even in iu'+ely th antennas for antenna lengths d' fering 

appreciably from a half wa elength. Th s r sults are contrary to the 

a ,mp io' s which ar made in camp a' 10 i.nvolv· assumed sinu oidal 

c r ri uti fall wing +,h procedures given by Cart r 5 and Brown, 6 

Tai
7 

and t en Ki.ng 
8 in Augus 11952 ha irnpro edthe method used 

by King and Harrison. 3 Tai ha shown that for two closely-coupled anti

yrnrnetrically-dr LV antennas that the solution reduce to the co entio al 

9 ne bta .om t an m.i iOD -lin try. Morita ha s checked exp 1'i

mentally he cur:r u' and charge distribu '0 ,s predicted theol' tica lyby TaL 

The agr me ',va s good, 

ThesA result for co p, S lE"ad on to aternp an ana y is 

of fol d ipol aennas by rat· g' h m as coupl ante as. For .ym-

In trical applie voltag ,t cur ; d' tributions a d imp danc hould 
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be essentially the same as thos g n y King and Harrison and Ta.i for 

closely spaced coupled antenna For a t ynunetrical applied voltages, 

the cur rent dlstribut on'and the inp nee should be the conventional 

ones for sorted open-wi lin o ta from transmissi.on line theory" 

Foldeddipoles£ol"nl dfrorntwo id 1co ducting rods connected together 

at their nds have b n gi en bri or 1 al consl eration by King and 

some of hi associa es ai Cruft Labore::. ry, King gives the following ex-

p essionfor i.nput impedanc of a fold d dipol for co ditions near half-wave 

resonance; 10 

z =Z Z
In 

where Z 1 is the self-imp da ce dr en conductor, and Z 12 is the 

mutual hnp danc b twe n theIn. B . unp .dances b ing compu.ted by m.e

3 
thods for coupled ant nnas" Fa th c n dors d small spacing s. Z 

51 

and Z do nat diff r grea:'!y so t Z 
12 i 

Van B Rob rl has c ide dt probl In of d termi.ning the input 

unpedance of fold d dipol s form d f om o co uctors of di.ff rent s ze, 

H t lizes an leet os atic approac 0 d rxnine how the charge and h nee 

cu r d v.id the t 0 c duc'"" c H ha shown that the input 

irnpedanc a so anc is appr xiInat ly 1 n by H 

here R 1 th radiation r conductors connected in par

a" el, Z 0 1 i h character! ti-c bnp da of a t.ra sxnlssion line formed of 
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two con.du.ctors like the driven element and with the same center-to-centel:' 

spacing as the actual antenna elern.ents, a.nd Z 02 is sim.ilarly defin.ed but 
, 

for the parasitic element. Gue:d;1er by means of a.n e enHally equivalen.t 

Inethod of approach has obtained the same result as va.n B. Robe.r.1:s but has 

co sidered folded dipoles of two and more elements. 12 

Schell off a.nd FriiE; have extended van B. Roberts' analys·s and 

13give 'the following formula for the input admittance of a folded dipole: 

Y in = - i j Y 0 cot Ii h + YP 

where YO is the characteristic admittance of the conductors energized antI.

syrrun rically or in push-pull, and Y p is the input admittance of the two 

condu.ctors connected in parallel. This formula is similar to th~ formula 

developed in this paper and yields approximately the sam.e results for many 

ca.se of practical interest. 

This paper will include, in. addition to the d.ev lopmerrt of a formula 

for the i put impedan.ce of folded d.ipole ant nas form.ed from conductors 

of unequal a5 well as equal size conductors, typical computed j.Inpedance 

curve • an t e comparison of these computed curves with exper. irnentally 

determin.ed Cl~.rves. 

II. Derivat.ion of Impedance Formu.la 

A..y ical folded dipole made of con.dudors of uneq'j.al si.ze is shown 

.. F'm\,g, 1'). (a" E i.s assumed t.hat conductor 1, the driven condudor has a ra.diu.s 

aJ) con..dudor 2 has a radius a 2 ; andtha the conducto'l'5 are spaced a dt c.e 
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b between their axes. Since the system is linear. the principle of Hn.ea,r' 

superposition may be applied to resolvethe problem of determinin.g the in

put impedance as seen by the gen.erator V 1 into two less difficult probl~ms. 

If the folded dipole is pictured as two closely·-coupled elements hav,

in.g self-impedances Z ~ 1 and Z ~Z and coupled by a mutual imFedanc~ Z'lZ' 

th f llo,",/ing circuital equations can be written: 

(1) 
o;;::ZV I +Z' I 

1Z 1 sZ Z 

In writing these equations it is assumed that. the generator whose voltage 

is V 1 is a point generator, that the currents 11 and I are the currents at.Z 

the midpoints of elements 1 and Z, respectively, and that the impedances 

Z 9 I' ZO and Z 8 are based on the actual current distributions on the folded 
s 5Z 1Z 

dipole. The input impedance determined by Eqs. (l) is given by 

(2 ) 

If the impedances Z~l' z~Z anq, Z liZ were known t.his expression 

could be used to determine the input impedance to the folded dipole. How

ever, it is necessary to know the current distributions on conductors 1 and 

Z in order to compute Z; I' Z'Z and Z i. These current dis+.ributions are 
s s lZ 

not known ar.d cannot easily be appr oximated Hence, the currenis at the 

:midpoints of conductors I and Z will be resolved into syrnmetrica1 an.d anti

symrn. :dcal components; the distributions associated with~;hE syrrunetrical 

and anti-symmetrical components of t.hese reference currents will then be 

app oxirnated; the input impedances associated wiJh these componfeuis ill 
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be computed; and then these impedances will be combined in such a way as 

to yield the input impedance resulting from the reference cur!'enis, 

Figure l(b) repre~ents the problem of determining the inpu.t imped

ance of two closely coupled elements carrying equal" push-push" or sym

metrical currents. Figure l(c) similarly represents the problem of deter

mining the input impedance of two closely-coupled elements carrying equal 

"push-pull' > or antisymmetrical currents and constituting twotransmission

line stub s with their "receiving ends" shorted and their .. sending ends" 

connected in series. 

By setting 

(3 )
 

where Is and Ia are syrnrnetr ical and antisyrnrnetrical com.ponents of current, 

respectively, Eqs, (1) become 

(4) 

o = (ZI + Z I ) I + (Z' - Z ' ) I.
52 12 s 12 s2 a 

If we set, 

(5 ) 

(b) V 2s = (Z ~2 + Z't2) Is (d) V 2a = (Z~2 - Z f2)I a 

then Eqs. (4) are equivalent to 

VI = VIs + VIa 

(6) 
o ::: V 2s - V 2a 
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Since V 2s - V 2a must equal zero, it follows by Eqs. (5b) and (5d) 

that 

(7) 

Equ.ations (5) also imply that 

V la VIa 
(8) (b) -=-.- = 

V2s V2a 

V 
and (c) ~ =R~ 

V ~s 

Since VI = V Is [1 + (V la/V h il = V (1 + R 6), ii follow·s b-".' virlue 
Is
 

of Eqs. (8) that
 

VI = V /(1 + R 11 ) V =V /[1 + (1/R 11 ~ s 1 la 1 

( 9) 
and 

V 2s = •. V2a = V 15 R 

These equations show that for folded dipoles of unequal size con

ductors, the potential of conductor 2 is different in absolute value from that 

of conductor 1 when the conductors are carrying antisymmetrical currents. 

If Eqs, (9) are substituted into either the first two or the last two 

of Eqs. (5), the following expressions for Is and l~ are obtained: 

( 10) I =V /[(1+ RI1)(Z, +Z· il =(V /2)(Z' -z' )/0
s 1 s 1 12 1 s2 12 . 

.. 
I I I 2

where 0 = Zsl Zs2 - Z 12 
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The second forms of thesp. expressi n.s indica'ie that I and I can. 
S a 

also be obta ned by computing the currents in condudo:!:' 1 when push-push 

and pu h-pu voltages of magnitude V 1/2 are applied in turn. at the mid

points of conductor 1 and 2, How veT', if this is done, ·the magnitudes of 

the currents in. conductor 2 will be different from those associated with the 

voltages V o'V ,V and V u.nl as the two c ndll.ctors are of equa.l 
"S 2 la 2a 

i.ze. fte c »th curr conduct r 1 and 2wiJl have different magni

tudes; t.her .fore they cannot be computed using ordina:ryt:tansmis~ion-line 

theo:r-y. By applying the voltages VIa an.d V 2a of Eqs. (9) to the conductors, 

the c rr nts in the two conductor s are equ.al in rnagnitude and opposite in 

sign a J:' uired by ordin.ar.y tra srnission.·~line·' o:c'y. 

i wpoint of ordinary transm.ission-Hne theory, the mag

nitude of the a isyrnmetd.caJ. curreni is giYPD. by 

11 J",) 1. = (V + V )/2Z .- V R(l +i1). / L'-(J + Rtl )2Z "]-ZV /2Z.. 
a la 2a " sc l' ' sq l , sc 

( 12) Z ~ 1 Z tan, Ph 
sc .. 0 

is -he i.nput b:npeda,nc of a shorted f:ra __ i stOll line whose length is equal 

to the half length of the folded dipole and whose conductor s are identical 

in. size and spacing wUh -those of the folded dipo e. The characteristic irn

pedance Z 0 i compu ed u ing th following formula for unequal ize cor..

du, 0'., 
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A satisfac' OTy approxirna:' expresslonfor the syrn.meiricalor push-

push curre i muchmore difficultt.o fhtd. If syrrunetrical voltages, each of 

magn" de V /2 areappliedt.oequalsiz conduci;oTs.Eq. (lO)wi'h Z~l = z~2
1

could be US to compu. eli th impedances Z' land zt 2 were known. s s 

Ho ever, for this case, values of z~ 1 :: Z s 1 and Z 12 := Z 12' where Z s 1 and 

Z 12 are computed by the method used by King and Harrison3 and by Tai7 

i.n their analy es of coupled antennas, could be used. Al ~. as a less exact 

approxiI-nation Z land Z could be computed using sinu.soidal approxirna
s 12 

tions for the curt ent distributions. 5 ,6 Hence,on.e i.s led to ut.ilizethe latter 

meth d i computin.g Zs2 and Z12 for the case of unequal size con.2 s1 ' 

duc ors nd to u e the res 1 s t se conlputations i.ll. place of Z~l.Z's2' 

and Z 12 t compti.e 1 • Also" one is led to use values of self- and mutual . s 

p dance ob'tained by var! u.s approxim.ate methods which are strictly 

appUcable only under condition.s hat. prO irnity effects on impedances are 

. egliglble 

ow fhat approxirn e .methods f comp ting Is an,d 1 are available,
a 

the i'np impedance fhe fold d dipole can. e computed utilizing the formula 

.. 4) Z =V /(1 + I ) 
s a 

[fEg • (6a) (7) d appr irna' xpre slons fox' fhc=> various irn,

pedance are pr p rly u. ,Ulzed, Eg. ( 4) yie .ds fOA I :: 0 
a 



where 

that 

6. is defined in. Eq. (Sb), For equ.al size conductors t:,;:: 1 so 

(16) 

in agr 

Z. ::: 2(Z + Z )
m . s1 12· 

ement with the resu.lts of a previous analysis. 
10 

Fo!' Ia #- 0, 

(17) Z 
in 

.::: 2 Z I 

sc 
z' I(Z

lA lA 
+ Z \ ) 

sc 

whe. e 

(1S) 

and 

(.I. 9) Z I::: Z (] + R A) /R( 1 + A ) 
sc sc·· 

~ Z 
sc 
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IlL Impe~~nc F rmu.!~ for Si.nusoidal Currents 

S If-, and mu.t al impedan.ces of lin.e:ar antenna eleme.nts ar usually 

computed by m thods bas~d on the assumption of sinusoidal current distd

huti.o s a..longt.he axes of'h lern. nts. Thi.s assurnptionleads to the fol.1.ow~ 

• f' 'f'-	 t f h . l' d 14mg ·ormu..La or' e compon.en·s 0 ·..e mu"t;u.a unpe ance: 

+ 30 [ZCiPb - 2CitJ(r +h) - 2Ci13(r -h)
04	 04 

(20)	 + Cif3 (r + 2h) + C$ (r - 2h)] cos 213h 
14 14 

+ 30 rZSW (r - h)	 - 2811) (r + h) + SiP(r + 2h)
- . 04' 04 . 14 

- SiP (-r - 2hU sin. 2 Ph }
14 

x= ( /stn213 h)l 60 [Si~(r . + h) + SiP (r - h) ~ 2Si13b]
12 - - L • 04' 04' 

+ 10 [ 2S1.13 (r + + SiP (r - h) -, 2Si~b . 04 ...04 

.., 
(21' - Si13(r + 2h) -, Si~(:r'14 - 2h}j cos Zj3h

I4 

... 
+ 0L2C f!(r - h)	 - 2Ci·p(r- + h) + Cij3(r + 2h)

04 04 14 

- Clf} (r - 2b.)] sin 2fSh ]
14 

In thes formulas 

Ciu = (IA co: x dx 

J..o 
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and 

Siu = {U~~ <Ix 

ar	 the cony ntional eosin ad· integr s, 

The lin iting form of Eqs. (20) and 21) for SIna 1 spac ngs b ::: a p 

the radiu of he conductor.. yield the following r ~ sions for the self-im'

p dance of the co due or: 

R I ;:: (1/Sln
2 

ph) t,60(C + In 2(3 h - Gl2 P ) + 30(Si4 (3 - 2Si2(3 h) si.n 2 Ph 

(22) 
+	 30(C + In Ph - 2C 213 h + Ci4(3h) cos 2(3 h} 

2 
;:: (l/sin Ph) t60 Si2 Ph + 30(2SiZph - Si.4ph) c 5 Zf3 h 

h'\ tn..)]- 30(ln-:t - C - In 211" - i4 tiLl + 2Ci . ill s· 213 h 

In hese xpr ssions C~0,5772 is Euler's consta • 

The fact that z 11 ;:: R +J X 11 is a limiting form. of Z 12 =R 12 + j X 12 
ll

t)J" m.all pac"ngs sugg st tl a Ii as defined in Eq. (8b) be computed using 

theformula for R and XlI in place of tho for R and X 
12

, respeetivell 12 

Iy, butwitht. spacin replacing the radi a. If this is done; b ~irnplifies 

to the followm.g form: 

-:"vhere Z 0 and Z are characteri tic imp anc as prevIously defined. 
1 02 

Ais y Sa. (Sb). the ratio 'the poten':a f c nduetoJ:" 1 to 'tha.t. of condudor 

2 when h cal'ry ant "syrnm. rical curr is equal to 6. 

U Ulzing theapproxhna'tionof Eq. (2.,), t- input impedance as, given 
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(2.5 )
 

, 
addition~ if Z 1 and Z 12 a p e :resi tallces, t:his expression become 

(26 )
 

Since R and R 12 are approx la' ely equal in. rn.agniiu.d!f':D fhe last equ.a ion.sl 

can be fur her shnpli i.ed to give 

(27)
 

This equation. is a usefu.l design. equation.. It should be not.ed that R. ~4R 
m 51 

tor equal size condu.ctors; that R < 4R if ZO]< Z02; and that R. >4R Iin 9 .. m s. 

if ZO? Z02" 

In the introduction t.o th s paper the equ.ivalent of t.he following ex~ 

pression f :r the inpu.t admittance of a fold .d dipole wa given.: 

Y. :::iy +sc 

analysis of this paper (See Eq. (I 7) ) 

Y.::: i (Y + Y ItA) ln SC" . 

Hence the -t. 0 reSl are in agreernt:' if 

1 
"2 Y lA ::: 

c ,-2 
y p (1 +Ll) 

Th adrni: ;tance Y of' e wo ondu or s in par'
p 

by olving thp. c . curt equa·'Lor.s foJ:' equa.l applied "..oltage~ 

current distribu. ions to be r lat.ed to Y lA as follows: 

can. be shown 

and s:nusoida.l 



lls + 125
(1.9) Y .- := ( iS/V

P V 
1 

where I and rare t e Cll re s' c du.e: or 1 nd 2, r specr;ive!y,
Is 2. 

when excited in parall 1 w' a voltage VI' TheT fo:re th con· ifJD. for 

a.gree:rne t f the ',vW 

4 = 1. 

Thi.s QD.dit.iOl'_ is satisf" , only U t __e . 0 con.du 'or. formlng the falde 

dipole a:rf~ of equal size. 

. ...Meas "CIne ,5 and cmnp of e mpuu unp a_n.ce the two 

folded d..1p0l.e shown. in Fig. 2 we. e m.ade. Bath n.ntennas P. e made of. 

coppe'J:' tuhing. The first antenna as ma.de Q 7/S,·,inch 0.0. c pp r t b

in,g; the sed, of 7/8-mch 0.0. d 3/8,,,, 0.0. copper 'u.b g, . e 

fed element hav-illg the smalle diam. ter. ,'he elements were 2.8 feet 

5 f three inch~s.long and ha 

lrnpeda IUea,SU!'pmen: ,S W "~ adeus' gt'e arra.nge ent shown. 

in Fig. 3. Since a. slotted line ed for imp d ce Ineasu:e ts it 

was ne-c ssaryto us a balancp.-·',o~ rmer (balu.n betwp. 

the balan cd fold d dipole a __d th .1 a ced 510tte Une. An e rimemal 

method was used. to deter ·th frequ. .y at hich the balun as a. 

half W d-V ,lengt 0: g be :r e 'he ant· enna dians weT " 

In.ad" in the mea u.red valu.es o. irnpda .. ce or tb. effect of t e balu.. a. d 

the as ociate c ax· ca" 
15

1 • 
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Figure 4 shows cu:t'ves of the i p :t re :stanc. and reaeta.nc of the 

folded dipo e of Fig. 2(a) as fu f ~ , . ,e hall-l f tbf-: dipole, 

in radian mea.sure. It should he n d t at th a!'e two f.:requ. ncie of 

anti.-resona ce a one £r 'Ill . ies res ce' the range plott d. 

Fi \11" 5 owsapprmdm.a. ly ll!val,nt circuit.s or fr qu ncies 

nea:r t e .50 nt ant.i~res .low l' f't'eql Tlcy 

-line" currentsofa 

are a sociated with a,n in netiv r a,eta e !nee sh. ed line which a.n~ 

less tha,n a qu.arter-wav Ie. gth long ar m iv. For the 19. er fre

que y of a i-rescm.a.nce. thf" e are c p cit ve mce the 

shorted. 1 _es which are m.or ,t a a rlE~' wa.V I ngth t less ""han a 

ha.1f-wd relengt long are capac Hve. Fo_ the ower frequency of antir 50

nance the symmetrical or "a e a" C1 rr _nts have associa: ed with fh 

an iInp dance which is capacitiv s ce a shnpl ,r at' a 'enna element 

has a. capac~tive irn.peda ce for ~l gt 5 appr eiably shorter h.an a 

quart r wavelength. r the igh r £t' quen(~y of anti·-reso a. ee, .nan

tenna. element has a.._ i duetiv iInp da. e. Serips res nan e OCClJ.r at a 

freq. encybet e nthetw anti-r • Th iInpedance as

'0 e 1m.ost negs ci t d with ~he tra.nsmissio line c 1'1'_ 

ligible for frequencie at or y of Reries resonance of 

thef ldeddipole. Seri.esT. s nance-oft antennahav· g q alsizeo Cu.rs 

for a £:r. quencyof 60 mega yc:les p' Since h . a enna el xnents 

aT'" l.B-feet or 85 3-cm 1 .r ie . _ C 0 r s for this antennaJ 

w n its length i ... 91.5 p rc.nt f a half wavelengt.... At the fr qll.en y of 

s ri S l'esonance the iInp da- of - .. s fQld"d dip 1. is l6~ 0 s. By 
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Eq. (2'1) with R = 73.2 ohms the irnpedam:e w ~;l' . be 292.8 ohms.
sl 

FiguJ:'{~s 6 a.n 7 give curves' epr s nUn c:om,p ted a d m a ed. , 

values of the i put resistance a d input r acta ceo of the folded dipole of 

equal size lern ms. The c ro. "ed curves of Fig. 6 were based on an 

assumt:~d sLTUJ. oida.l istribution of currents on bol;h. e ernenis. Thos f 

Fig. 7 were s 0 ,a. distrih lii of Cl 'l:'r ete mined by T ai's rn thod 

7
_ C I.pled lem.e ts. Both figures c;ontai curv - whic:h show the ff_ct 

of a shunt capacitance of 0.65 rrunf across the gap in the excited element. 

This vale of gap capa.dtaneewas ba ed onlow-frequ ncyrneasu:rernent 

ce of a ce :t r-fed lern. n± like that of Fig. 2(a).. T e 

agr ro.ent betwee measured and ornput d value is re ona ly good 

for £:r quencies at or near series resonance. Ov.ara.ll agree:rnent in 'he 

frequency range for whic compu: ations were made was better vi n. gap 

capac ita. ce was 'ta.ken. i oacc unto How ver, the i clusion of a. gap ca

pacitance tend ,d to make the agreement in. t·. e resista.nce values poore. 

for the lower £1.' qu.encies~ 

Figu 8 Tepl.' se ts t e input re i tance and input re etance of the 

foide ipolp. Of eq al size lem.e 'S (see . ig~ 2) as fundio s of e eetri

ca.llength. One pair tf. c :rnpu.ted curves is bas.d n. a sinusoid-a eu r 

distribution.. Since no adequate theory of coupled antennas f unequal 

size condu or is currently availabl. he other is based on. sinusoida.l 

dist:r.:'ib lti n for t utual irnpeda e, but on the distribution d . erm.ined 

b y '. mg- 1 u..L! on:rne o. or se -unp nc s. . e gr emen 

f : 

'h K" MOd-H , t d £ 11· cia 16 Th t 

et e mea.au ed and comp1lt values is fair. It should be ate that 

g ries resonance OCCl rs for a ,e na 1. oths of abcm.t 92.5 perce of a 



half wavelength and that the esistan.ce at res nance ;'s larg r than that 

for equal size eleIUe . s. Ho ev r. t measured alue of res" ce is
• 

appreci.ably large~t' than_ the l~om.pute value. The a.pproxim.a.te qu.o;tio~n 

(27) wit. R :: 7 .. 2 ohIns yields a !"esistance of 435 s. . .. .is valu .
sl 

is ab ut 50 pp.r ent larger than tha . for a f d dipole with qual siz . 

ele .nts. the exp riIn ntal alu. are c mpa. eo for the wo ant nnas 

!twill be found that Eq. (27) g v s a approxirna,ion to the percent in

crease in resistan ... esulting from.makingthe fed Iem.enthalf as large 

as th . h r element. 

v. on lu.sions 

.' e . esu.lts of this invesi' tiOD sho r that t. e inpu.t im.p~ nce 

of a fo . d dipole c n e compnt d w' h fajr a.ccura.cyusing the follow' 

equations (elerne It the ri en. e em. nt : 

Zm'- Z~ Z9 /(Z' +Z~ )
lA :LA c
 

Z'LA =.: (Z . + Z J26 )
. 51 .. 

Z I 
'c 

:: Z 
sc 

(1 + Rd)/R(l + 6) Zsc 

z;~ j Zo ta.nPh sc 

R = (Zs2 + ZlZ)/(Zsl + Z12) 

= 138 log (b/2a) +j(b/2a /
10 1 . 1 

~ 1 '1~· /2a )2 +Ab/2a )2 
- ~ 2 2 

_ I'] 

'. 
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In these equations the i.ITlpedances Zsl' Zs2 and Z 12 should be compu.ied 

utilizing a method for closely coupled antennas such as that discussed hy 

~ 7 
Tai for"he special case of equal siz€' conductors." No res .1.50 ar.l ad

equate theory of conpled or unequal si.ze condu.ctors are currently avail 

able. How ver. Z I' Z 52 and Z 12 can also be approximated utilizing 

Eqs. (2.0) to (2.3). r whIch case li is given by Eq. (24). 

The values of input i.ITlpedance determined by use 0 the lat .er 

ap. r oxiIna.t ions are somewhat high as would be expected. At seri 5 T€:-

Bonance. the folded dipole formed from equal size conductors yi Ided a 

input resisance of ab ut 2 3 ohms, experiInentally, but a value of 293.8 

ohm.s, w en compu a ions utilizing Eqs. (20) ~;o (24) are made, - a fairlY' 

largf: error. N vert eless, t· e ;heory does give a good approxirnaH n 

to he pe . c nt cllangp. i i put hnpedance at series resonance as t e ratio 

of d"a.meters f the co duelors i.s varied from a ratio of unity. 

For desi purpo e , Han experimental value of the . put Te

sistance i:=;. ow f r 0_ e ratio of conductor diameters, and the cond ctOT 

spacing S s all then t e foll wing si.ITlple expression can be u ed t 

appro iInate +h 'resistance for som.e other ratio of c.ondu.etor diam t rs 

or some othe. conducor spa ing: 

1 +
 
1 +
 

were b. now equals the ratio of characteristic i.ITlpedances as given by 

tJ.::: Z /2 := log (b/a )/log (b/a). The value of fJ.1 is given by he 
01 02 1 2 

sa,me expression. as 6. if the app opriate radii an spacing are used. 

.. Series resonance ca be expected to e.xist for conductor Ie gths 
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of the order of 90 1:0 95 percent oJ a half wavelength depending upon the 

size of the conduci:o:rs. Small diameter conductors require t.he longer 

lengths. Hence. todesign.afoldeddipoleo match a.given line, the .ength 

of the conductors shou.ld be chosen. for series resonance at J:he desired 

frequency; the rati.o of conductor diam.etf::r s, for hnpedance match; and 

the co.r..ducior sizes and spacings D t meet'~he broad-band requirem.(mts. 

".
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Fi.gure Captions 

Fig. 1 - Folded dipole ant na fromth,e' iewpoinl f 'he Super-po;,i i 
The rEm and "Pu.s -'push" and "pu.sh··pull" cu. r n s. 

n 

Fig. 2 - Physical di s of the a. te nas on which data is given. 

Fig. 3 - Ixnpedan.ce measu.ring appa atus. 

Fig. 4 - tvleasured val .s o.t 'be 
equ.al size conduct rs. 

p irnp dance of he a enna of 

Fig. 5 - Appr oxirnate equivalent ci'r'cuits reprf': senting electrical be
havior of a folded dipole for different fre:quency range~. 

Fig. 6 - Measu.red values of input lrrlpedance of the antenna of equal 
size conductor s com.pared with computed values based on 
sinu soidal curren dis'r ibuio s. Th gap capaci .ance wa 5 

O. 6 5 :mIn£. 

Fig. 7 - Mea u ed a d computed va. ues of input imped.ance of he an
. en.na of equal si.ze nduc"ors compared wi-/;h computed va .es 
based on current distributions determined by Tai's theo y 
of coupled anten.na s. 

Fig. 8 - M asured valu.es of input ixnpdance 0 ihe a Po' na of un qual 
-ize conductors nlpared with compnt d valu .s bas _ on 
s 1 -impedances determJned by the King·-Middleton theory 
of c. lin.drical ant n .as a.nd mutua.l impedances determi. ed 
by sinu.soidal Cl rrent distr.ibutions. 
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