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A Study of the CTHA Based on Analytical Models

Douglas B. Miron Senior Member, IEEE

Abstract—The first electromagnetic analysis of the
contra-wound toroidal helix antenna (CTHA) is presented.
This very-low-profile antenna is seen to have characteristics
derivable from a transmission line with a standing current wave
and an array of small loops. Formulas for the far-field radiation
and efficiency are given. These are used, in conjunction with a
numerical model, to develop some trends relating performance
and design parameters.

Index Terms—Helical antennas.

|I. INTRODUCTION

A. Background and Motivation

HE contra-wound toroidal helix antenna (CTHA) is
formed by placing two spiral windings on a toroid corefig. 1. Perspective view of a CTHA, with an exploded view of a feedpoint.
as shown in Fig. 1. It is generally built as an electrically-small,

very-low-pr_oﬁle antenna. It has_the mt_erestl_ng property thatslg, p. 334ff]. The linear current elements radiate waves whose
can be designed to have nearly isotropic radiated power den

It was invented at West Virginia University [1], [2] but has ctric vector is pargllelto the_ helix axis, while the loops radiate
aves whose electric vector is parallel to the plane of the loop,

not received a fundamental treatment through electromagnetic : . : . L
: - ) erpendicular to the helix axis. Wrapping a helix on a toroid in-
theory before now. The analysis reported in this paper w.

stead of a cylinder means that the linear current elements will be

done in 1996 [3] and deals only with the case of an air O rmed in a single larger loop and this loop will radiate a wave

The purpose of this work is to provide as much insight aWith its electric vector parallel to the plane of the toroid (hori-

possible from an analytic point of view, both for its own Sak%qntal for this discussion). The effect of the second winding on

and to serve as a reference for comparison with numeri . :
. ) . ..~ fhe CTHA is to produce a second wave, from the axial com-
and experimental studies. The most desirable situation is to ) S :
C . .ponents of current, whose horizontal electric field is opposite
have results that agree from analysis, simulation, and physita : - . . .
0 that of the first winding, producing no net horizontal electric

experiment, .bUt each area has its limitations an_d_ haz_ardsﬁs:])d_ This effect can be seen in Fig. 2, which shows the refer-
that comparisons should be made and work revisited in eac

. . : . efce directions for currents in the two windings. Looking at any
approach until the differences are either reconciled or at leas . . )
understood. WO adjacent wires on the top, one can see that their resultant

is a current that passes straight across the top, and likewise, the
currents passing underneath have a resultant lying on a radius
. . . . ._line of the torus. Except for distortions of the winding, there
Itis helpful to think of the windings in several ways. The firs ould be no equivalent current parallel to the toroid centerline

way begins with the upper source terminal in Fig. 1. Start wi he bent helix winding axis), and therefore Bovector in the
the wire going up and to the right, follow it around, and see th I '

it back to th f the | left. Likewi ane of the toroid. One can also see that under each half-turn
't comes back 1o Ine source trom e lower 1tt. LIKEWISE, agajl qne winding, there is a half-turn of the other winding. These

starting from the upper source term|nal, follow the wire th%\/o half-turns have the same current in opposite directions so
goes up and to Fhe left, ano_l see tha_t it comes back to th? SOYiES they are equivalent to a single complete vertical loop with
from the_ lower nght.. The wires are insulated, S0 that their on n approximately elliptic shape. From this, we conclude that an
conductive connections are at the source terminals. Then eg(ala
wmdmg looks like a conve_nthnal hel|>_< whose axis has bqu to treat each pair of half-turns as a single-turn vertical loop of
bent mtp a loop, apd the wmdmg t.ermlrjates electrically at ﬂlﬁliptical shape with a space orientation determined by its posi-
source instead of in an open circuit as in the case of a CONVRRL 1 the toroid.

tional helix. A straight-axis electrically-small helix is usually A second way of viewing the windings is to see that both of
viewed as radiating as if it were made up of a sequence of altgr-

. i . e wires leaving the source to the right form a transmission
nating small loops and small linear current elements (d|polq;s e, something like a twisted-pair phone line. This line goes

_ _ around and connects, in a cross-tied manner, to itself, so that
#"ﬁ:‘;ﬁ[\'gﬁ ’igcv‘?l'i‘t’ﬁds'i\(")ﬁ;‘fgng gcc)?eorice Combuting Combany. Sofwa Mthe source both drives and terminates the line. However, from
puiing pany. Y N]e previous figures, it is clear that the current distribution has
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B. Basic Geometry and Character
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derived starting from the known fields of a small horizontal loop
[4].

While the basic intention of this paper is to present the ana-
lytic results, a sampling of results for antennas over a range of
shapes is given. A numerical modeling progtajs] has been
used to find a set of geometries that resonate first at 30 MHz.
Free space has been assumed as the antenna environment.

Il. EQUATIONS FROM GEOMETRY
A. The Idealized Winding

A mathematically idealized, or simplified, version of the
winding is one that has no wire thickness so that the windings
lie in the surface of the core. On this basis, Fig. 3 shows the
coordinate variables for the coreis the core major radius and
b is the core cross section, or minor, radius. A point on the core
surface is defined by cylindrical coordinatgse, ». In order
to be able to generate a wire list for NEC [5], to express the
winding length, and to reduce the expressions to a function
of a single variable, it is convenient to find the coordinates in
rectangular form and then express them as functions of one
of the angle variables. It is clear from Figs. 1 and 2 that each
Fig. 2. Top view of a CTHA winding. The arrows show reference currerROInt in a winding has a unique .Value oflf fis allowed.to
directions. Solid arrows and lines are on the top half, broken arrows and life@ve values up t@r N, whereN is the number of turns in a

are on the bottom half. Observe that each top half-turn of one winding lies O\(ﬁl‘nding, then each point in the W|nd|ng also has a unique value
a bottom half-turn of the other winding, and the currents in each such pair ?ée] Indeed

equal and opposite. This makes each such pair an equivalent loop with cur {9

circulating around the core.

¢ =0/N. 1)
of the antenna passing through the source to the opposite paint .
on the line, halfway around the winding. Therefore, it is mor rom Fig. 3
useful to think of the windings as two transmission lines driven 7= peos
in parallel at the source, going left and right around the toroid, )
and terminating at a cross-tie on the far side. Because of the y = psing
cross-tie, the lines short each other. A transmission line with a p=a+bcosf
short circuit termination has a standing-wave current distribu-
tion on it. If it weren't for losses, the total current would be &iving
sine function of position on the line. Also, such a structure has
resonances. The input impedance must be inductive at frequen- x = (a+bcost)cos(6/N) )
cies below the first resonance, just as in a conventional shorted y = (a+bcosh)sin(f8/N) 3
line. The first resonance will be a high-impedance transition be- » — bsin 6. (4)

tween inductive and capacitive reactance, the second resonance
will be a low-impedance transition from capacitive back to in- These equations apply to the right winding. The left winding
ductive reactance, and so on. has the same description, except ihgbes fron0 to —2x. This

It is not possible to obtain analytical relations between theeansp = —8/N, which changes the sign gfin (3).
CTHA geometry and the transmission-line parameters. An ap-it would be extremely useful to have an expression for the
proach that allows a qualitative understanding of the impedartegal winding length. Let this bé. The incremental length is
behavior is to view the windings as a periodic structure, witgiven by each of the following expressions:
each loop having some inductance, wire resistance, shunt capac-

itance (mostly from the wire crossings), and mutual inductance (dL)? = (dx)* + (dy)* + (dz)?

with the loops on either side. A circuit analysis based on these (dL)? = (bdB)? + (pdp)>.

ideas is given in [3] but is omitted in this paper since it has no

bearing on the antenna performance treatment. From either expression, the previous equations can be used to

. . reducedL to a function ofé alone, so that
C. Analysis Assumptions and Approaches

The ideas in the preceding paragraphs are the basis for the I = /QWN \/52 + i(a + beos §)2 df. (5)
analysis given in the following sections. Each radiating loop is 0 N2

assume_d to _ha\_/e a constant qurem whose vglue 'S_ @ Sampihe version used here is version 2 of the source code, compiled for double-
of the sine distribution. Expressions for the radiated fields apecision arithmetic.
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Inner edge of core,

a-b

Fig. 4. Core with wires on itS; is a minimum wire spacing.

allowed wire spacing;. For N turns, this gives an inner cir-
cumference ofVs;, so

Ns
Amin = L +s1+7r+ bMAX- (10)
27
Eliminatinga between (9) and (10) and solving flay s x gives
Fig. 3. Coordinates for the CTHA core. the minimume /b for a specifiedD and ¥
D 3r N
There is no closed-form solution to this integral. It has to be byvax = 29 U\ +1). 11)

approximated numerically.
C. The Elliptical Loop

Fig. 4 shows some geometry changes to accommodate red\ €llipse of minor axis2b and major axigc has, by direct
wires. Not only does the wire radius add #pbut the wires ntegration of the appropriate formula
overlap on alterr_lating_ sides along_ the Windi_ng. _The overlap is Area = wbe. (12)
modeled by adding; times a function of which is 1 on one
side of the core and goes down to zero on the other. The equife position and orientation of each loop has to be specified for

B. Mathematically Approximating a Real Winding

alent radius chosen is the field calculations. We also need the loop major axis width.
p Fig. 5 is a sketch of the top view of two loops (one turn of each
beq =b+7+ s1 |cos <_> (6) winding) with dimensional and angle definitions. Since there are
2 N turns in awinding and one turn from each winding makes two
for the right winding and loops, there aréV loops in each transmission line. The angle in
the z—y plane subtended by each loop, and the center-to-center
. (0 angle, is3 = = /N. The center of the first loop is half this angle
beq=b+7r = 7 X . .
k e Sm<2> (7) off the = axis, so the center for theth loop is at
for the left winding. b= (- 1 (13)
It is useful for some purposes to have an average valugfor "N 2/
1 /7 2 The loop is rotated off the radius line through its center by an
bay = — beqdf = b+ —. 8
7r/0 a trdsi (8) angle
. . . . . . ™
The overall diameter is an important issue in antenna design. bp = on ¢ (14)

Counting out from the center and then doubling, one finds
whereq is found from the trigonometry of the figure as follows:
D=2(a+b+2r+ s1). 9
(a r ) ®) h=(a+b)sing, d=(a+b)cosf — (a—b)

The minimume/b is the condition reached when the turn oy fh T h
spacing on the inside of the cose is equal to the minimum @ = tan <3> W= VATt (15)
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x — y,y — 2,z — x, converts the loop to vertical position in
the —z plane and gives the angle-dependent terms as
z x
D=a,——a,—.
(s (s
Define
— MZOIf% e—jk(ﬂ‘_

E
0 47r

(18)

Then, for the loop in the— plane

atb E=E, (axf—%f)

Next we need to shift the loop off the-axis by an angle.4.
This shifts the horizontal axis of the loop from theaxis to
anz’ axis. The field components are then converted ndy
expressions in the new orientation

!
z T

E=FE, <axr— — az—> .
T T

The conversions are

;L . _ .
Fig. 5. Geometry of loop orientation and size. r'=xcosps tysinga, ay =a;cosdps+aysingy.

Putting these into thE& expression gives
The angle of the loop with respect to a line through its center

4 z .
parallel to thez-axis is E=F, [am; cos¢a + ay— sin $a
x Yy .
$a = bu+ (~1)",. (16) —a. (Scosga+ Lsinga )]
Finally, going back to the observation point angles
Ill. THE RADIATED FIELD z  xp .
— = — =cos¢sinf
The fields radiated by a small loop lying in thew plane ;’J 5;
are given in many books on electromagnetics and antennas. In = == =sin¢sinf
this section, we take this result and transform it to a vertical Lo
loop at an angle from the-axis and then use the parallel-ray = cos 0

approximation to get the far field for the loop displaced from the E, = Eycos pacosf (19)
origin of coordinates. Since the antenna has left—right symmetry B — s P 20
about thez-axis, the fields for corresponding loops can be added y = Eosin g cos (20)
to reduce the field summing & terms. E. = —Eycos(¢p — ¢a)siné. (21)

TheE field for a small loop lying in the:—y plane is These are the field components for a single vertical loop cen-

MZ k2 . tered at the origin and turned by an angle from thex axis.
0N —jkor - . K .y .
=——_¢€ sin(f)ay (17)  The reference current direction was originallyand is nowag.
) i ) Now we must use the parallel-ray approximation to find the
inwhichM = current x area, ko is the wavenumbe®r /A, 7, & gnace phase shift due to the fact that each loop is centered at
and§ are the spherical coordinates for the field point, apds (', ¢') = (a, ¢»). The projection of the source point onto the

a unit vector. o line from the origin to the field point gives
The key to getting to the final field value for the rotated ver-

Arrr

tical loop is to get the components in rectangular coordinates. It Tn, = acos(¢p — ¢,,)sind (22).
is useful to use = /22 + 42, the cylindrical radius, as well
- y Since the current in each loop and the loop’s orientation and
a, =a,cos¢ —a,sing =a,— —a, = position are functions of its index, it is necessary to subscript
P P those items that depend enTaking thenth loop from the right
sing = 2. side and thexuth loop from the left side, which has¢4,, and

' —¢,,, and pairing them
The angle-dependent terms in the field expression are then

E.,. = Ey, cos ¢4, cosb

D= inf=a > 4 . ) : )
= agSIv = ay, 7— — a,;;. ~ [e]kga cos(p—e,, ) sin @ + e]kga cos(@p+¢y ) sin 0]
This expression only involves the rectangular coordinate values = 2Eoy, €08 P4, cos 0 cos(koa sin ¢ sin ¢y, sin 0)

and the radius. Relabeling the axes by a right-handed rotation, X ko cos ¢ cos ¢y, sin (23)
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E,,, = 2jEy, sin ¢ 4, cos 0 sin(koasin ¢ sin ¢,, sin §) over a quarter sphere. Once thdfield is computed, the power
% @ik cos ¢ cos gy sind (24) density is computed from
Ezn — _92F nsineejkgacosqbcosqbn sin 6 1
’ o = 100 (sl + o). (38)
X [cos ¢ 4y, cos ¢ cos(koa sin ¢ sin ¢, sin 6) d

+ jsin ¢ 4, sin ¢ sin(koasin ¢sin ¢, sin)]. (25) The total radiated power is

Next, we sum the field components from the loop pairs around X (k—0.5)m T2
the antenna. To simplify the notation, define Fraa = 4; kz_:l Stk,n) Sm( 90 ) (%) - (39)
Uy, = Koa cos ¢ cos ¢, sin § (26) The loss power is calculated from the loop currents and the re-
vy, = koasin ¢ sin ¢, sin 8 (27) sistance per turni, as
AL Zok? N
P, = Jtn
or Poss = 2R sin® (h(k - 0.5)%) . (40)
= 60AL, k3™ (28) k=1
in which A = loop area I, is the nth loop current.P, 1 Ne directivity is
has the basic amplitude terms, with the propagation factor, A7 SpAx
exp(—jkor)/r, dropped out. Continuing with definitions D= TP (41)
N The efficiency and gain are
U= Z P, cos ¢ 4y, cos(vy,) P
n=1 =_——"™__ and G=Dn. 42
N K Prad + Ploss K ( )
V=" Pusinga,sin(v,). (29)
n=1 B. Shapes and Performance
The total field, in rectangular components, is The antenna patterns have simple shapes up through third
B = Ucosd 30 resonance. They are determined by the standing-wave current
v o8 (30) " gistribution and the space-phase shift across the antenna. At
E, =jVcost (31) all frequencies, the current distribution has a maximum at the
E. = —sin6[Ucos ¢+ 5V sin¢]. (32) shorted connection of the two transmission lines, opposite the

) _ ) feed point. Below first resonance, the azimuth pattern is the

The final step is to convert to spherical components. By cOfigyre-8 of the vertical loop. As first resonance is approached,
structing the appropriate triangles, one can find the followinge notches are filled in and become dips. This is because the
conversion formulas: space phase shift between waves from the turns with the max-
E —E . imum current, at the rear of the antenna, and the waves from

» = Eycosp+ Eysing . . L
) the turns at the sides of the antenna is sufficient to prevent can-
Ey = Eycos¢ — Epsing cellation, and the current at the feed point approaches a min-

E.=F.cosf+ E,sind imum. Above first resonance, the current minimum splits into
Ey = E,cos — E_ sin 6. (33) two, one on each side of the feedpoint. As second resonance is
approached, these minima go to midway around, ta,thgis,
Applying these results to (30)—(32), we have and a second maximum is at the feedpoint. This distribution
E -0 (34) causes cancellation along the@xis which produces the figure-8
r pattern again. As frequency is increased above second resonance
Eg=Ucos¢+jVsing (35) the current maximum at the feedpoint splits and three current
Ey = —cosO[Using — jV cos ¢). (36) maxima are formed. At third resonance, there are three maxima

and three minima evenly spaced around the antenna. Again, be-
cause of current sign changes and space phase differences, the
IV. NUMERICAL RESULTS notches become dips. If isotropic patterns are the goal, then op-
A. Definitions eration near first or third resonance is necessary.
Programs have been written which embody all the equationsThe foIIowmg_ results are gr_ouped_ﬁr_st by the number of turn_s,
. . . . ; ; 4,6, 8, or 10, in each winding. Within each group, the ratio
in the previous sections. The results given in the following sub: "’ ° ; - .
: Lo of major to minor torus radiiz/b, is held constant at each of
section assume a transmission line current sampled at each loop - .
as several values, and then the radii searched until resonance at
30 MHz is achieved. This search is done using a double-preci-
I, = Sin(h(k — 0_5)l) 1<k<AN. (37) sionversion of NEC2 [5]. Two copper conductor sizes are used,
2N 0.5-inand 0.25-in outer diameter. The larger size is used in the 4-
h = 1,2, or3forfirst, second, or third resonance. For directivityand 6-turn groups, and the smaller size is used in another 6-turn

and gain, theE-field is calculated at the centers of 2teps and the remaining groups. Efficiency is an important issue for
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TABLE |
GEOMETRIESTHAT HAVE FIRST RESONANCE AT30 MHz, FOUND USING NEC2D.7; AND 75 ARE EFFICIENCIES ATFIRST AND THIRD RESONANCES f3 IS THIRD
RESONANCEFREQUENCY INMHZz. THE ASTERISK *, INDICATES THE ENTRY WITH THE LARGESTMINOR RADIUS IN EACH GROUP

code [a,m [ b,m | a/b [ n1, % | f3 Mz | 13, %
4-turn, %” copper designs.

4,2/2 0.1706 0.0853 2 37 98.5 98.4
4,4/2% 0.38 0.095 4 42 90.3 98.6
4,6/2 0.501 0.0835 6 35 89.4 98:3
4,8/2 0.568 0.071 8 30 89 98
6-turn, %" copper designs.

6,4/2 0.184 0.046 4 20 96.5 97
6,6/2* 0.318 0.053 6 25 91.3 97
6,8/2 0.4 0.05 8 23 90.3 97
6-turn, %4” copper designs.

6,4/4* 0.288 0.072 4 13 92 93
6,6/4 0.414 0.069 6 12 90.5 92
6,8/4 0.496 0.062 8 9.6 90 89
8-turn, ¥4 copper designs.

8,4/4 0.176 0.044 4 6.3 94 87
8,6/4* 0.294 0.049 6 7.6 91 88
8.,8/4 0.3816 0.0477 8 7 90.6 87
10-turn, ¥4” copper designs.

10,4/4 0.076 0.019 4 1.9 100 74
10,6/4 0.192 0.032 6 4.4 92.8 82
10,8/4* 0.2792 0.0349 8 5 91.2 83

the CTHA, just as it is for a single small loop, so the conductdazed radiation at low elevations. This difference is due to the as-
is chosen as large as possible for the turn size used. sumption that the loops are completely vertical, which they are

The performance measures presented are efficiency, dip ratiof. The efficiencies given by the formulas are in the range of
directivity, and gain. The dip ratio i8,,,in/Smax. Table | shows those from NEC2D. At first resonance, the two ways of calcu-
the geometries and efficiencies found using NEC2D. Also itating efficiency in NEC2D have a ratio of about 1.5:1, so that
cluded in Table | is a labeling code to identify the antennas the validity of either is doubtful. At least the formulas do not
the following tables. The code has the forny/z in whichz  overestimate efficiency.
is the number of turns per winding,is «/b, and/ = is either/2 There are several things to be said about the effect of shape
or /4 for 0.5-in— or 0.25-in—diameter copper. Efficiency camparameters on performance. The most obvious is that the single
be calculated in two ways using NEC2D. The input file was setost important factor for determining efficiency is the loop ra-
to give both. The program will calculate the input power frondius . As with ordinary single-turn and cylindrical multi-turn
the input current and applied voltagk,,, and the loss power, small loops, this radius determines the space-phase difference
Pl.ss, by summingZ?R over all the wire segments. The radi-across the loop and, therefore, the degree to which fields from
ated power is found as the difference between these powers apgosite current-carrying segments do not cancel. The highest
the efficiency reported on this basis. The second method isefficiency goes with the fewest turns. Increasing the number of
have the program calculate the fields over a quarter sphere #&mghs for a given design frequency means that the phase shift per
report the average gain. If perfect accuracy is present, these twm in the current wave must be reduced, which in turn forces
numbers should be the same. For the CTHA this is not the cagesmaller turn.
especially at and below first resonance. The lower of the twoThe effect ofa/b is different on different parameters. For a
figures is given in Table I. fixed number of turns there is a value either side of which pro-

The following tables give performance results from the anduces less efficiency. This value increases with the number of
lytically derived field formulas for the above shapes. The widtturns. The dip ratio and directivity also vary wit{b. Dip ratio
and height of each design is also included so that the reader ozagnitude appears to decrease with increasjtbaat first reso-
readily identify the connections between shape and the variowence. At third resonance, dip ratio magnitude has a minimum
performance criteria. at larger values af /b than the efficiency maximum. One might
expect that directivity would decrease with dip magnitude. This
is true at first resonance (Table I1), but at third resonance (Table
[ll) the opposite seems to happen.

The first question that needs to be addressed is how good i he sizes in this sampling of designs range from aboul.3
the model? The general properties of the patterns given by thefor the most efficient 4-turn design down 625 x 0.1 m
analytical formulas and by the numerical method are the sanfigr. the smallest and least efficient 10-turn design. The wave-
However, the numerical method shows more horizontally poldengths at first and third resonances are about 10 and 3.3 m.

V. DISCUSSION
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TABLE I
PERFORMANCE AT FIRST RESONANCE 30 MHz,A\; = 10 m
Antenna 1, % dip, dB D, dB G, dB width, m | height, m
4,2/2 53.7 -15.1 1.7 -0.98 0.637 0.295
4.,4/2* 59.1 -8.4 1.49 -0.79 1.08 0.315
4.,6/2 51.2 -6.1 1.24 -1.68 1.29 0.292
4.8/2 41.5 -4.9 1.01 -2.8 1.4 0.267
6,4/2 36.7 -14.6 1.72 -2.63 0.585 0.217
6,6/2* 42 -10.1 1.64 -2.1 0.867 0.231
6,8/2 38.5 -8.2 1.58 -2.56 1.03 0.225
6,4/4* 27.5 -10.9 1.66 -3.95 0.783 0.207
6,6/4 244 -7.9 1.57 -4.57 1.03 0.201
6,8/4 19 -6.5 1.49 -5.72 1.18 0.187
8,4/4 14.7 -15 1.72 -6.6 0.502 0.151
8,6/4* 17.4 -10.7 1.66 -5.93 0.749 0.161
8.8/4 16.1 -8.6 1.6 -6.34 0.921 0.158
10,4/4 4.54 -22 1.75 -11.7 0.253 0.101
10,6/4 10.3 -14.3 1.72 -8.18 0.51 0.127
10,8/4* 11.7 -11.2 1.67 -7.66 0.691 0.132
TABLE Il

PERFORMANCE AT THIRD RESONANCE A3 IS BETWEEN3 AND 3.37 m

Antenna n, % Dip, dB D, dB G, dB width, m | height, m
4,2/2 99.5 -10.5 1.83 1.81 0.637 0.295
4,4/2* 99.3 -3.65 1.54 1.52 1.08 0.315
4,6/2 99.1 -6.8 2.3 2.25 1.29 0.292
4,82 98.7 -10.2 33 3.2 1.4 0.267
6,4/2 99.1 -12.4 1.9 1.86 0.585 0.217
6,6/2* 99 -8.12 2.12 2.08 0.867 0.231
6,8/2 98.6 -6.28 2.3 2.24 1.03 0.225
6,4/4% 98.2 -8.9 2.1 2 0.783 0.207
6,6/4 97.3 -6.12 2.33 222 1.03 0.201
6,8/4 96 -6.22 2.5 2.33 1.18 0.187
8,4/4 96.7 -13.2 1.89 1.74 0.502 0.151
8,6/4* 96.7 -9.21 2.09 1.94 0.749 0.161
8.8/4 95.9 -7.18 2.3 2.11 0.921 0.158
10,4/4 91.3 -19.7 1.79 1.39 0.253 0.101
10,6/4 94.8 -12.6 1.91 1.68 0.51 0.127
10,8/4* 94.7 -9.8 2.05 1.81 0.691 0.132

Many different applications are possible depending on whig¢bally validating to that extent. Carefully controlled experiments
characteristics are most important. For example, if it is impobased on these designs needs to be performed to provide the
tant to have a low-profile low-directivity surface-mounted anthird leg of validation.
tenna, the 10-turn third-resonance deSign has a reasonable eﬁNEC, in its various Versions’ is a genera|_purpose antenna
ciency at a height of less than a 30th of a wavelength. Furthetde designed for moderate-sized antennas and large structures.
more, it could be operated at the inductive side of resonangecode with limited objectives can be written in a more spe-
so that it could be tuned with a high-efficiency capacitor, unlikgialized way to give greater accuracy. For example, a code, still
the short whip which requires an inherently inefficient coil fof, development, which uses the Fourier Series for both basis
tuning. and weighting functions has been written which produces better
An application requiring minimum dip ratio would need morghan 90% agreement between input power calculated from input
study. The sampling af/b values used here is too coarse. It mayopltage and current, and input power as the sum of loss and ra-
very well be that a dip magnitude minimum exists in the thirgiiated powers.
resonance designs, and it may be that zero dip is p_ossib_le akn, important practical problem with the CTHA is its
either resona!f]ce. Softvyare to address these matters in atmp]er- and very reactive impedance near the odd-numbered
manner hasn't been written yet. resonances. Advantage can be taken of its transmission-line
aspect by treating the connections opposite the feed port as
a second port. Open-circuiting the cross-tie forces the cur-
The fact that a standard numerical method and the analyticaht maximum at first and third resonance to be at the input
formulas given in this paper agree qualitatively makes them migrminals, without changing the patterns. This change makes

VI. OTHER ISSUES ANDPOSSIBILITIES
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these resonances low-impedance which may make them easién conclusion, the analytical approach has led to some useful
to match. Lumped-element loading at the second port, andf@atmulas and a perspective that points the way to further devel-
the wire crossings, may also provide some useful effects opment of this very interesting antenna type.

both impedance and pattern bandwidth. A casual numerical
experiment in which a smaller CTHA was connected to port 2

of a 200-MHz first-resonance design showed improved pattern REFERENCES
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ical experiments. With a dielectric core present, the resonant
frequencies decrease, as expected, the efficiency increases, the
horizontally polarized field increases, and the azimuth patte
skews. The latter effects can be understood by realizing that
dielectric is driven by the near field of the wires, so that it i
also radiating. The atomic dipoles near a wire will have the |
axes perpendicular to the wire and radiate fields perpendicu
to those of the wire. The actual geometric situation is very cor
plex, but this notion may explain the large amount of horizo SILy T
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