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ABSTRACT 

ïhis antenna consists of a vertical conducting cylinder, 5A long, 
and two conducting helices, of larger diameter, wrapped around it, with 
opposite pitches, starting at half of the cylinder length, the feed point, 
and progressing toward the ends. 

It radiates mostly a horizontal polarized field. The horizontal 
pattern is approximately circular and the vertical forms a beam of 12* 
(gain 5). ïhe bandwidth is over 10 percent. It has only one feed point 
on the 5Aaperture. It is very easy to build, self supporting, easily 
stacked to form an array and can also be used as self-diplexing. 

. An exponentially decaying traveling current is assumed on the 
helices. The Fourier Transform method for reducing the problem to a two 
dimensional one was used successfully. Confuted and experimental data 
are presented showing good agreement. 
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1. Introduction 

The element■ of this antenna are shown in Figure 1. It consists of 
a conducting cylinder C, approximately 5 A long and tvo conducting heli¬ 
ces, K, sad wrapped around it, at a certain distance fron its surface. 
The two helices have the some pitch, in the order of-4, hut of opposite 
signs and start at the feed point F progressing toward the ends of the 
cylinder. 

A current is fed at the point F and travels along and IL radia¬ 
ting energy as it progresses. If the radius of the helix and or the 
cylinder ave conveniently related, after five or six turns most of the 
energy is already mdlated. tfce ends F' can therefore he left open-or 
short-circuited to the sy linder firing very little difference on the 
perfórame« of tie eate&a». Uee of aove thee six tuns is therefore a 
waste of aperture. 

It has been dbrtantíned «perioartally the vete of attenuation 
of the current dependí mainly on the distance between the belts and the 
surface of the cylinder. It departe aleo m the dimeter of the helix 
conductor. 

If the cylinder C it in a vertical position, this aatottpa radiates 
mostly a horizontal polarized field. However, only than the length of a 
helix ture lo an Integral smltlple of a wavelength the patterns beta a 
useful shape, the horizontal pattern ie roughly circular and the verti¬ 
cal patten forne a nice teas of «ppratUsstely 12* at half power (Figures 
V-8). The frequencies at Which thle happons ara referrad to as nod tag 
frequencies of the antenna. 

One of the vice propartios of this antenne is ite feeding eyotoa 
slnçllclty. It requires only one feed point for the 5 X aperture. 

The lepedance at tha faod point F can easily ha mlntalaed under l.l 
V3VTR over mot« then 10 percent bandwidth around the moding frequency. A 
typical plot la shown In Figura 2. By adjusting the elope of the helices 
at the feed point almost any point on the bandwidth can be brought to a 
perfect »ich. The pattens are also approximately constant over this 
bandwidth. 

It la a vary easy antenna to build. Requires only a few parts sad 
can be m^e very xugged. The cylinder caa be used as the supporting 
structure of the antenna mahlng it self-supporting. 

In sosie cases a tower can be used as the conducting cylinder. 
Screens have to be placed around it in order to improve the conductivity. 
The screens may be shaped to form a cylinder or ay he flat on the tower. 
This will introduce modifications on the horizontal pattern mostly. 
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Ib places vhere the climate is such that ice is expected to be formed 
on the antenna, a 60 cps current may be circulated on the helix wire to 
prevent it. 

Ulis antenna offers also the possibility to be operated as a self 
dip le xing antenna. There is no reason vhy the ends F' cannot be used as 
feed points. Therefore, a transad.tter may be fed to F and another half 
to each end F*. If some precautions are taken, there will be very little 
cross coupling between the transadtters. The patterns are going to be 
somewhat different for the two transmitters because the current distribu¬ 
tion is different when F or F* are used ae feed pointe. 

Thie antenas has been extensively used as a television transmitting 
antenna. It has also been used ae the central station omni-directional 
transmitting antenna of comunlcatloa systems. 

2. Simplifying ihrpothesis 

In aider to dbtain the far field equation* a model will be used and 
a certain mister of simplifying hypothesis nade. 

lhe nodal le shewn in Figure J. The helices are substituted by a 
tape of width 21 and negligible thickness. The cylinder, as well as the 
helices, are of infinite length. This hypothesis will not describe the 
fact that standing waves exist on the helices due to reflections from the 
sftdt. This is not too important because the effect of the end reflections 
ean be practically cancelled by shorting the end of one helix and leaving 
the other open or by maki ng one of the helices-^-shorter than the other 
and leaving both end* open at short circuited to the mast.'1/ 

The simplifying hypotheses are: 

(a) Both cylinder and tape helix are assumed to be perfect 
conductors. 

(b) The current on the helix is assumed to be distributed uni¬ 
formly throughout the tape width 2A. 

(e) An exponentially decaying current is assumed to travel 
along both helices away from the feed point F. 

(d) All fields are sinusoidally varying with time. In conplex 
notation, the variation is of the form e^t. 

Figure 3 shows some of the parameters used in the equations being 
derived here. These parameters are: 

a - external radius of the conducting cylinder 
b - radius of the helix cylinder 
2d - tape width 
p - helix pitch 
n - nunber of wavelengths per turn 

(l) The same techniques used here ccull be used to treat the problem of a 
finite length antenna. However, the equations would be much more 
difficult to handle algebraically. 
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3. Current Equations 

The equation of the axis of the tape helix is 

♦ 
z = —p; />= b (1) 

2* 

If an exponentially decaying traveling current is assumed as both 
helices they can be written as: 

2C „ -ß z . . 
J+ (*>♦) =’«ii*) — 2 dm« (2) 

in the z direction and 

2C ao ßmz . 
J (»,♦) - u(-z) — I d e e"^ 

“ p gú 

in the -a direction. In these equations 

n(z) -1 i > 0. 

- 0 e < 0 

♦ J (P - o^) 

(3) 

00 

(5) 

a and ß being the attematlon and propagation constants of the current in 
the t direction, fi earn be written as 

2xn 

P - 

and 

9 

2ma 
a - 

(6) 

(7) 

(8) 

C - current at the feed point 

Equations (2) and (3) are obtained by considering the current pulses 
that appear in ssqr plane passing through the z axis. Considering then of 
equal aaplltude C It is possible to write Its Fourier serles representa, 
tloa and then Multiply the result by e^l 4 Depending upon which helix 
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Is considered this equation ii Multiplied either by u(z) or u(-z). 

k. Construction of the Fields 

The fields can he constructed by superposing Te and IN wares to 
The appropriate potentials eure 

'W: d-fÂïïz * (9) 

Di: r = Tf* uz (10) 

where If* and If f axe suitable solutions of the Helmholtz equation, in 
cylindrical coordinates, for the regions /> > b and a < /3 < b. u, is the 
unit rector in the z direction. 

With A and T the fields axe obtained 

I • — {* A ♦ V V . A) 
7 
1 _ 

H (k2? evv . F) 
t 

fron 

- V X F 

* V X A 

where 

V - 

S - JuJu 

(11) 

(12) 

(13) 

dM 

The functions Y * ^ f »y be written in a convenient form in the 
following way i (*) 

V 
T.f 

). - F . 
2x m-*ö 

-Jan 

am 

/ dve 
_ OQ 

-Jw* A (w) 

D (w) 
a 

(2) (15«) 
H (K/J) for/0» 1> 

/ m - t X 

(15b) 

(2) 3.A. Schelkunoff, "Electromagnetic Waves," D. Van Hostraad Co., 
Hew York, I956, p. 502. 

■HJnderlined quantities are vectors. 
*nhe subscripts c and 1 stand for the regions external or internal to 

the helix cylinder. 
(5) JJt. Strattcn, "Electronagnstic Theory,” McOrav-Hill Book Co., Hew 

York, 1941, pp 555-364. 



/ \ 

oo 
/ dwe 

. «3 

^WJjK/') + CjwjKjK/') 

Sn(v)Jm(K/>) + Fm(v)Nn(K/-) 

(16«) 
►for a </>< b 

(16b) 

V / 

where = k - w 
and k, B , C , D , EL, F are functions of w to be determined fron the 
boundary coniïtioSs. The other symbols are the usual notations for the 
Beseel Functions of first and second kind and the nenkel Function of 
second kind, all of order m. 

5. The Fourier Transform Method 

Tridimensional problems, having cylindrical symmetry, can be trans. 
formed into tvo-dimensionftl problems by taking the 
respect to the coordinate in the axis of symmetry. 
lji(x,y,z) is the solution of 

.2 -,2 \2 

m 
1er Transform in 

If the function 

( + k' ■)f' 
òx ay az 

then the Fourier transform 

f (x,y,*) » r yt*,/,«) 4» 
- QO 

will be a solution of tho two-dimensional •quation 

where 

0 

K2 « k2 - V2 

If the solution fr is known or can bo found thon the solution of tho 
tridimensional prcbLen io Obtained by invert inf ^ • 

^T<i,y,s) fpU,f,9) e^dt 
' 2s _o0 

When the potentials y* and ^f wars vrittea in the previ«u seeticm, 
the variation with t (the axis of synntry) was chosen in euch a way that 
the Fourier Traasfom can easily be vrittea as 

(1) B.F. Barrington, ^Tims-äamoalc Uectroen^Mtic Fields," MsOrav liU 
Book Co., lev York, 1961, pp. 2b2.2b% 

5 



00 -Im# 
Z e J 

m=- ùô 

A„ (w) m 

and 

D (v) 
m ' 

(K/^) for /0 > b 
(17a) 

(17b) 

/ 
a 

Fi 

TÍ 

oO 
Bm (*) J„ (K/>) + C, (») ü_ (IC/1) 

I < 
ms-0« 

m m m (18a) 

K M (K^) + (v) » (K/“) (ifib) 

^ Ine Fourier Transform of the current, equations (2) and (?) are 
easily computed: 

2C ^ e“^ 
da 

p m=-«o J» 

e-Jm# 2C ^ 
— I dm- 
p m=-c*> Pb- Jy 

(19*) 

(1*) 

For future use on the boundary conditions it vlii he necessary to 
have the ♦ and z components of the current. If end lm «re considered 
the 4 component then 

^ oO 
J4 - ^ J. - e* 1* 

p a»*öO ß ~ ♦ w" ae«ee ® 
(20) 

F J. .•J** (21> Ji-(J - } ) . . J —- I 2--. 
2nb so b-.«« ß_ ♦ « «■•o» ■ m 

lhe definitions of and ere dbTioue fron the ehoee e^uatione. 

6. The Boundary Conditions 

The boundary conditions arel 

for - a ¢-0 (22) 

for /° * b 

kJ - 0 

(25) 

(2^) 

* Varlebles with a bar on top are Fourier Transforms. 
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(25) 

{26) 

{?!) 

Substituting tbe Fourier Tra&efoit» of tu« notentlal» and ty 
in tbe Fourier Traaefonn» of equations (U) and (12) tbe field componente 
appearing in tbe boundary condition» art easily obtained. By inserting 
tbe* in equation» (22) through (27) a «yate» of «lx equations, in the 
eix unknowns A^, %> V* *• *• obtained; the solution of vbieh 
lead» to: 

Vbara th» ala^llflad ootatloo for the Bessel and Henkel Functions 

7. 9» lavara loo fomla 

It saa ba shorn that If1» vary larga and e is not equal to 0 or t, 
•• that ./°• r alo 0 goat to«**4» r goss, then tbe following equation Is 
valid.("J 

Tl (v) ^ (/®Vh^W^) a^da-^i--J^n+1^ I( - k cos G) 

—# «*> (5^) 

Ibis 1» preeteely iba fora of the iavaialoa integral of equations 
(15), thus 

(5) surer and Sauniere, "The External field Produced by a Slot in an 
Infinite Circular Cylinder;* ÍJk.f., val 21, Io. % feb. 19V), 
». 153-15«. 
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T. 

f' 

,-Jtr 

= r e-'”’* J1“1) 

A (- k cos 0) 
« 

nr Mw-'x? 

v-k •> 

(55*) 

(35b) 

vhers à «ad D «rs ofet*i»sà fnm «çuattofi» ««ft Oi) Cobstitottcf 
V V -k*cos «. 

&0*aiiAê luàtioa* ill) ««ft (1?) is «phesicai eoar&laate«» ««ft 
retaiaiAg otOjr tbs tara« tb«t my M •*, th« foiiotflag exprttslooâ rafult: 

vbcn 

«* - î »e . 

tt - - ¡ ^ « jtf, 

. . «1» • 

re». f I ta» 

•» &> 

f#«° 

(56) 

m 

m 

o?) 

Substituting (35«) and (35b) la (j8), (39) «aft tbt result la (56), 
(37) tba desired equations «re Obtained} 

e-Jtar 

*«•• I* I - «1« ft ? # ft «(. % eos •) <bö) 
er s>».-® ® 

,-ftkr 
• We *\ 

i • k- «la e £ * 2) oÄ ( • k «0» «) (bi) 
nr 

It Is possible to sbov that the shove series converges «aft that the 
importent terns are the ones elose to la-al <0. ft conputer progrta vas 
vritteo to handle the problem «aft the results are presented la the next 
section. 

9. Conqperlson With Bxperloeotel flSMltS 

Figures b-7 show the eosperieon beteaet eeepireft (tasheft) and com¬ 
puted vertical pattens (solid). The agreement for the || eospooettt Is 
good in the ania teen region. The elds lebe regio« done not agree be¬ 
cause the reflections fron the ends f van not taken into eonelftemtiou 
in the ecmvutetione. The antenne va# eeearned to be of infinite length. 
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Tbe v»lu* of a u««d an the oaspvtãtUmi vm abUined experimentally. The 
measured patten» Cf* ftet «hew» beeaaM it 1« iif/leuit to uasure 
them vità rmasooahly (ood «ceur&cy. 

Figure 0 «hoi» a ooiqparlsoB betveea cearareft (dashed) anl eos^utad 
horizontal pattena. la order to attenuate the effect of the reflections 
fron «he «ade F* one of the helices vat cade 4 shorter. If thie precau¬ 
tion I» act taken, the horizontal patten «III preceat so»» scallop* as 
shown la Figure 12. Thie is the case there a tun la 2 A long and there 
am four «als tad four caximms due to eteadlag «ate on the helices. 

Fi0irs y shove how the vertical patten varies with the frequency, 
iht phenomena of splitting the beam is veil observed la the Maeurenents 
as shown la Figure ID. 

Figure u «hove how the vertical patten variée vith a. 
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Figure . 3 
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Fig.4 Vertical Pattern 
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_Measured 

E^jEg _ Computed 

Fig. 6 Vertical Pattern 
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Measured 

Com puted 

Fig.7 Vertical Pattern 
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Fig. 9 Vertical Patterns 
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Fig. 10 Measured Vertical Pattern 

One Wavelength per Turn Scale Model 

F = 760 Me. 
n s 1.2 

19 



Fig. li Vertical Patterns 

(Computed ) 

F = 750 Me. 
¢=0° 
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