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PREFACE

The Air Force Airborne SINCGARS (AFABS) VHF-FM radio is a
frequency-hopped, antijam radio which utilizes an electrically-
small antenna enclosed in a blade-shaped radome to minimize
aerodynamic drag on airborne platforms. The size of the antenna
groundplane is platform dependent but is usually small or compar-
able to an rf wavelength. The development of an efficient
digitally-tuned antenna, which remains stably tuned for various

operating conditions and platforms, is of interest for this radio.
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SECTION 1

INTRODUCTION

This paper investigates the tuning stability of a digitally-
tuned, electrically-short monopole element mounted at the center of
different-sized circular groundplanes. 1In particular, double-
parameter and single-parameter tuning is investigated to determine
the range of groundplane radii for which the same tuning words can be
utilized in maintaining a specified antenna gain over a given fre-

quency band.

Efficient, electrically-small antennas have instantaneous per-

(1),(2)

centage bandwidths which are inherently narrow By loading
the antenna or its impedance-matching network with sufficient ohmic
loss, large bandwidths can be achieved but at the expense of appre-
ciably reduced efficiency. An alternative method for obtaining po-
tentially much larger efficiency is electronic tuning of the antenna
system. The antenna system comprises the antenna and its impedance-

matching network.

An electrically-short monopole antenna has an input impedance
whose real part (equal to the radiation resistance for zero ohmic
loss) is small compared to 50 ohms and whose imaginary part is
negative and large compared to 50 ohms. Both the radiation resis-
tance and input reactance are functions of frequency over the

desired frequency band of operation (30-150 MHz).

Generally, two parameters in the impedance-matching network
must be varied (designated "double-parameter tuning"”) to provide
impedance matching of both the real and imaginary parts of the an-

tenna input impedance. However, single-parameter tuning is

1=1



sufficient provided the radiation resistance is proportional to the
square of the frequency, large compared to ohmic loss resistances,
and small compared to the 50 ohm source impedance(3). These con-
ditions for perfect impedance matching with single-parameter tuning
are generally not realizable over large frequency bands as will be

shown 1in this paper.

Impedance matching of the Imaginary part of the antenna input
impedance may usually be achleved by digital switching of appropri-
ate inductances from a fixed inductance bank in series with the an-
tenna element. Impedance matching of the real part of the antenna
{nput 1mpedance may usually be achieved by feeding the inductances
at a varilable (digitally-switched) tap point in double-parameter
tuning and at a fixed tap point in single-parameter tuning (see
figures 1 and 2 of section 2). The conditions for which such cir-
cults are sufficient are given by Eqs. (10) and (15) of section 2.

Consider now the lmpedance-matching network which provides an
impedance match to 50 ohms when the monopole element 1s mounted on
a reference groundplane of specifled radius. The set of switching
bits, which achievesan impedance match at a given frequency when the
monopole element is mounted on the reference groundplane, 1s denoted
the "tuning word” for that frequency. This paper investigates the
range of groundplane radii for which the same tuning words can be
utilized in maintaining a specified antenna gain on the radio

horizon.

The antenna gain on the radio horizon (dBi) is the sum of the
antenna directive galn on the horizon (dBi), antenna system mismatch
gain (equal to minus the mismatch loss) dB, and the radiation effi-
clency of the antenna system (dB). Although the directive gain and

radiation efficlency are functions of the groundplane size, it is



shown in this paper that the mismatch gain is particularly sensitive
to groundplane size for groundplane radii appreciably different from

that of the reference groundplane.

The analytical model is described in section 2. Numerical

L] results and conclusions are given in sections 3 and 4, respectively.

=3




SECTION 2

ANALYTICAL MODEL
2.1 ANTENNA CIRCUIT

Consider a monopole element, of height h = 16 in. and radius
b = 0.5 in., which is mounted at the center of a circular ground-
plane of radius a = 0.5 to 40 ft. in the frequency band 30-150 MHz
(see figure 1). The element is in series with an impedance-matching
network comprising the Inductances L1 and L2 of a tapped coil, one
end of which is connected to the groundplane. The coil tap point is
fed by the center conductor of a low-loss coaxial line whose outer
conductor 1is also connected to the groundplane. The ohmic resis-
tance of the coil and antenna i1s approximated by a resistance R

ohmic

in series with Ll' In this paper, the tapped coll is treated as a

lumped circuit which does not radiate.

The equivalent circuit of the monopole antenna and its imped-
ance-matching network is shown in figure 2. 1In double-parameter

tuning, both L, and L, are variable with the radian frequency w (see

figure 2a). 1In singlz—parameter tuning, only L1 is variable with
frequency (see figure 2b). The monopole antenna has an input imped-
ance Z(w). The transmission line has a characteristic impedance of
50 ohms which is matched to the output impedance Zg = Rg = 50 ohms

of the source generator. The input impedance Z to the matching

IN

network is a function of the antenna input impedance Z(w), ROhmic’

and the assigned values of L1 and L2 at any given frequency.

The central issue is the range of groundplane sizes for which
the same tuning "words"” can be utilized in maintalining a specified

antenna gain over the frequency band. In double-parameter tuning,
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the tuning "words” (values of the inductances L1 and L2 at each fre-
quency) are chosen so that when the monopole element is mounted on a
reference groundplane of radius a = 4 ft., ZIN = Rg = 50 ohms at
each of these frequencles. 1In single-parameter tuning, the tuning
words are chosen so that, when the monopole element is mounted on a

reference groundplane of radius a = 4 ft., IM (2 = 0 at each fre-

IN)
quency and Re(ZIN) = Rg = 50 ohms at 30 MHz.

2.2 INPUT IMPEDANCE OF THE MONOPOLE ANTENNA

The input impedance Z(w) of the monopole antenna is given by
Z(w) = Rrad + iX (1)

where Rrad is the antenna radiation resistance and X is the antenna

reactance.

The input impedance Z(w) of the monopole antenna was determined
by the method of moments RICHMD1 program(4) for each of the above
groundplanes. The radiation resistance varies from 0.3 to 0.6 ohms
at 30 MHz and 10 to 30 ohms at 150 MHz (see figure 3). The reac-
tance varies from -500 to -750 ohms at 30 MHz and -20 to -90 ohms at
150 MHz (see figure 3).

2.3 DETERMINATION OF THE TUNING WORDS
The 1input impedance ZIN to the matching network is given by

ZIN = ijz//[ij1 + R + Z(w)] = Re(ZIN) + jIm(ZIN) (2)

ohmic
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where

// = "in parallel with"
m2L§R
Re(Z. ) = (3)
’ o (mL2 + B)?‘ + R2
2
wLy [B(wL, + B) + R"]
Im(Z,,) = 2 (4)

(mL2 + B)2 + R

RS Rrad % Rohmic (5)

v~}
11}

le + X (6)

The parameters L1 and L2 must be positive real quantities which
are determined by requiring, when the monopole element is mounted on
a reference groundplane of radius a = 4 ft., that (1) IM(ZIN) = 0 at
each frequency of interest and (2) Re(ZIN) = Rg = 50 ohms at each
frequency of interest for double-parameter tuning and at 30 MHz only
for single-parameter tuning. Let the subscript "o" denote the ref-

erence groundplane. Thus, zINo’ Llo’ LZo’ Bo’ Ro’ and Xo denote the

quantities ZIN’ Ll’ L2, B, R, X, respectively, when the monopole

element is mounted on the reference groundplane.

For Im(ZINo) = 0 [Requirement (1)], Eq. (4) reduces to

2 2 2
Bo(wL20 + Bo) + Ro = Bo + mLzo Bo + Ro =0 (7)

Solving for Bo and using Eq. (6) to find Llo’

- wL, + [(wL )2 -4 Rz]%
20 — 20 o)
Bo = 5 (8)




2 2
-X [ L R
Llo e OF 20Ii 20 _ _% 9)
w 2 2 w
Since Lo must be a real quantity,
Ro S_szo/Z s Im(ZINo) =0 (10)
If R, > wL20/2, then the circuit of figure 2 cannot satisfy the
condition Im(ZINo) = 0. For such a case, let
X L
_ _ o “20, B >yl /2
L10 ms— > o 20 (11)

If condition (10) is satisfied, then the choice of root in Eq. (9)

is determined by selecting the root which yields L ” 2> 0 and which

1
yields the smaller modulus of the voltage reflection coefficient Py

at the input to the impedance-matching network where oy is given by

Z
INo - 1
L (12)
INo + 1

For Re(Z = 50 ohms at each frequency of interest in

e’ = Rg
doutle-parameter tuning and at 30 MHz in single-parameter tuning

[Requirement (2) ], and for B, given by Eq. (8), Eq. (3) reduces at

those frequencies to

szgo RO 2R0
Rg = > 5 = ) (13)
szo + Bo + Ro Ri
1+ 1 - 5
(wL20/2)




where the + and - signs correspond to the positive and negative
radicals in Eq. (9). Solving Eq. (13) for L20’
3 LZO(mA), single parameter tuning

o

= (14)

LZo(m), double-parameter tuning

where mA/Zn = 30 MHz.

Eq. (14) is independent of which root is taken in Eq. (13). In
double-parameter tuning, Ly, is determined by Eq. (14) at each fre-

quency of interest. 1In single-parameter tuning L20 is determined by

Eq. (14) only at the radian frequency w = W,

For L20 to be a real quantity in Eq. (14),

B SR o Ly resl (15)

g
If Ro > Rg’ then the circuit of figure 2 cannot satisfy the

condition Re[Z R_ for any value of L

INo] N g 20°

Root selection of L10 in Eq. (9) can be simplified by use of
Eq. (13) for double-parameter tuning but not for single—parameter
tuning. For double-parameter tuning, Eq. (13) imposes restrictions on
which root in Eq. (9) to select in determining L, If Rg/ZR0 21,
Eq. (13) is satisfied only by the negative radical. If Rg/ZR0 Sl
Eq. (13) is satisfied only by the positive radical. For single-
parameter tuning, Eq. (13) cannot be utilized for root selection of
L, (except when w = mA) because Eq. (13) is not applicable to

single-parameter tuning except at the frequency mA/Zn = 30 MHz.

2-8



The algorithms for determining L10 and L,,» may be summarized

as follows:

Double-parameter tuning:

1 By Bp e £0<R(
o Ro(w) 5 <R w) S.Rg ohms
1 ==%55
L20 = Lzo(w) = (16)

not realizable, Ro(w) > Rg ohms

- 3 2. b
X (0) L 7 2% )
o 20 ( 20) _ o ) S.Ro(w) S'Rg/z ohms

LlO = Llo(w) - - 2 ) T% (17)
X (w) L20 LZo R7(w)
-2 - +< - 2=~ R /2 <R_(u) < R ohus
w 2 2 w g g
L J
Single-parameter tuning:
R R (w,)
: g E(A);OSRO((»A)SR ohms
Ny 1 --° B &
R
8
Lo = Eyplilyd: = (18)

not realizable, Ro(wA) > Rg ohms

2-9




2

3
2
X (w) L L R (w)
(_ 0 _ 20 + 20) _ o 5 ], R (w) Cw L, 2
w 2 2 w ° °

Choose root which yields L

2 0 and which yields

lo
the smaller |p0| when Py is given by Eq. (12).
Lip = Lo =¢ (19)
X (w) L
o 20
T T e T2 ¢ Ro(w) > wL20/2

\

When the monopole element is mounted on the reference ground-
plane, and RO(Q) S_Rg ohms, then it is always possible with double-
parameter tuning to provide over the operating band a perfect match
of the antenna input impedance Z(w) to the generator source imped-

ance Rg. It is generally not possible with single-parameter tuning.

However, there is a case for which impedance matching over the
operating band can be obtained with single-parameter tuning. Con-
sider the case in which the radiation resistance is proportional to
the square of the frequency, large compared to ohmic loss resis-
tances, and small compared to the source impedance. Stated algebra-

ically, these conditions are:

2
Rohmic K B = K w” <K Rg (20)

where K is a constant. For Conditions (20), the double-parameter

tuning Eqs. (16) and (17) reduce to

1/2 1./2 1/2

L~ [R, Ry(w)] = %)—(Rg Roaa) = (R X) (21)

2-10



2 12
X (w) L (L ) 2]
-~ . _0O _ 20 B 20 ~ Kw
T 2 [ 2 (22)

Since LZo in Eq. (21) is approximately independent of frequency,
an approximate match over the operating band can be obtained

with single-parameter tuning if Conditions (20) are satisfied over
the operating band.

At the high end of the band, the condition Rrad <L Rg is not
satisfied for Rg = 50 ohms (see figure 3). Furthermore, the condi-
tion B = sz is not physically realizable over large operating
bands (see figure 4). 1In figure 4, the radiation resistance of
figure 3 is replotted on log log paper whose abscissa corresponds to
decreasing values of frequency. It should be noted that the plots are
not straight lines with a slope of two as would be the case 1if the
radiation resistance were proportional to the square of the fre-
quency. However, for electrically-short, electrically~thin, low-
loss monopole elements mounted on groundplanes which are very much
larger than a wavelength, the radiation resistance is approximately
proportional to the square of the frequency. For such a case, the

constant K is given by(s)

K = K_ >>>1=—n—lz-z10h2/c2;h<<>\,a>>>)\,b<<<)\ (23)
127c
€ = 2ma/A
n = wave lmpedance of free space = 376.73 ohms = 1207 ohms
¢ = wave velocity in free space = 2.9979 X 108 m/s
h = element length
b = element width
a = groundplane radius

2-11
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For the same monopole elements, the condition Rr = sz is

also physically realizable over small operating bandsagor ground-
plane radii ¢ = 2q7a/x = 0, 3.6, 5.3, 7.0, 8.5, 10.0, 11.8, ...
wavenumbers for which the derivative of radiation resistance with
respect to groundplane radius (in wavenumbers) is zero(6). The
proportionality constant K€ for each of the above groundplane radii

is given by(7)

ot ™ Loy 18y, = 0F00G,
, (24)
e 10, 3.6, 543, 7w05 8255 005 118w
where d€ is the numeric directive gain on the horizon for an
electrically-short monopole element mounted on a groundplane of
radius ¢ (in wavenumbers) and where K€ 355 1 is given by Eq. (23).
For e=0, K_/K_ oy ; = 0.5 since d; = 1.5 (see ref. 5).

In summary, single~parameter tuning cannot provide a perfect
impedance match over a 5:1 operating band (30-150 MHz) on a ground-
plane whose radius is either electrically-small or cowmparable to a
wavelength. When the monopole element is mounted on the reference
groundplane, double-parameter tuning can provide a perfect impedance
match over the operating band whereas in single-parameter tuning the
tuning words can be chosen to provide a perfect impedance match only
at one frequency (30 MHz) and to provide zero input reactance at

other frequencies.

2.4 ANTENNA GAIN

It is of interest to determine the antenna gain on the radio

horizon (elevation angle 0=r/2 rad) as a function of groundplane
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radius for the same tuning words which are selected when the mono-
pole element is mounted on the reference groundplane. The antenna

gain, G(x/2) (dBi), on the radio horizon is given by

G(r/2) = D(n/2) + M + o (dBi) (25)

where

D(n/2)

directive gain on the horizon of the monopole antenna
(dBi)

>
I

radlation efficiency of the antenna circuit (dB)
M

mismatch gain (= - mismatch loss) of the antenna
circuit (dB)

The directive gain D(n/2) is determined in section 3.1 by the
method of moments RICHMD2 program(a).

The radiation efficiency n is given by

R
n = 10 log ¥ (dB) (26)
10\R + R
rad ohmic
where
Rohmic = geries ohmic resistance of antenna system (ohms)
R = radiation resistance of the monopole antenna (ohms)

rad
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The mismatch gain M is given by

M = 10 log, (1-lpl%) (aB) (27)

where

p = voltage reflection coefficient at the input to

the impedance-matching network

The voltage reflection coefficient p is given by

(Zry/2 ) -1
* "y 7T el

where ZIN is given by Eq. (2) and Zg = Rg = 50 ohms is the output

impedance of the source generator.

Although the mismatch gain M is determined by specifying the
voltage reflection coefficient p, it may also be determined by
specifying the equivalent voltage standing wave ratio (VSWR) which
would be measured along a transmission line between the source gen-
erator and the impedance-matching network. The VSWR, p, and M are

related by

1+ |pl

M = 10 log,, [“—VSER—Z] (dB) (30)
(VSWR+1)

Numerical values of D{(n/2), n, M, VSWR, and G(n/2) are given in

section 3.
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The analytical model does not include the effect of any imped-
ance pad which might be placed between the source generator and the
impedance-matching network. A two-port impedance pad between the
source generator and impedance-matching network does not improve the
mismatch gain of the antenna but does help protect the source gen-
erator from being damaged by power reflected from the antenna. The
impedance pad reduces the amount of power reflected back to the
source generator but also reduces the antenna gain by an amount
equal to the insertion loss L (dB) of the pad (for a pad whose input
and output impedances are equal to the source impedance when the op-
posite port 1s terminated in the source impedance). For example, a
pad of 3 dB insertion loss will ensure a VSWR < 3.0:1 between the
generator and the pad for any load impedance at the output of the
pad. However, the antenna gain will be reduced by 3 dB since the
voltage reflection coefficient at the input to the impedance-
matching network will be unchanged by the presence of the pad and

the power delivered to the antenna will be reduced by 3 d4B.
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SECTION 3

NUMERICAL RESULTS

Numerical results for the antenna gain, G(w/2), on the radio
horizon (elevation angle G = 7/2 rad) are given in this section for
the antenna circuit of figure 1 and for groundplane radii a = 0.5 -
40 ft. For all groundplane radii, the parameters L, and L

1 2
those selected for impedance matching when the monopole element is

are

mounted on a groundplane of radius a = 4 ft. Single- and double-
parameter tuning of L1 and L2 are discussed in section 2.3.

The antenna gain, G(n/2), is given by Eq. (25). The antenna
gain is a function of the directive gain on the radio horizon, radi-
ation efficiency of the antenna circuit, and the impedance mismatch

gain at the input to the impedance-matching network.

3.1 DIRECTIVE GAIN ON THE HORIZON

The directive gain of the monopole antenna was determined by
the method of moments RICHMD2 program(a) for each of the above
groundplanes. The directive gain, D(n/2), on the radio horizon
(elevation angle 8 = w/2 rad) varies from 1.76 dBi to -0.95 dBi at
30 MHz and 1.81 dBi to -1.95 dBi at 150 MHz (see figure 5). For a
given groundplane size, the elevation pattern for the 16 in. length
element is within approximately 0.4 dB of that for a quarter-wave
element. An electrically-short thin element has a directive gain on
the radio horizon which is less than that of a quarter-wave element
by 0.12 dB for very small groundplanes and by 0.39 dB for very large
groundplanes(s).



DIRECTIVE GAIN ON HORIZON, D(/2) (dBi)

— — — ASYMPTOTE FOR LARGE CIRCULAR
GROUNDPLANES OF FINITE EXTENT

a= 4.0 FT,

-3.0 1 | ] | 1 | 1 | ] ] ]

30 50 70 80 110 130

FREQUENCY (MHz)

Figure 5. Directive Gain on Horizon of Electrically-Short
Monopole Element at the Center of a Circular
Groundplane of Radius a = 0.5 - 40 f¢t.
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3.2 RADIATION EFFICIENCY

The radiation efficiency n of the antenna circuilt was deter-

mined by substituting into Eq. (26) the values of radiation resis-
tance R, plotted in figure 3.
Numerical results are given for Rohmic =0, 1.7, and 7.8 ohms.
The ohmic resistances Rohmic =0, 1.7, and 7.8 ohnms yield radiation
efficiencies of 0, -8, and -14 dB, respectively, at 30 MHz when the
monopole element is mounted on a groundplane of radius a = 4.0 ft.
The radiation efficiency improves significantly (by several dB) with
increasing frequency but is only weakly dependent (varies by approx-

imately 2 dB) upon groundplane radius (see figure 6).

3.3 MISMATCH GAIN

The mismatched gain M was determined by evaluating Eqs. (27)
and (28) for the single- and double-parameter tuning conditions

discussed in section 2.3

The mismatch gain M at 30 MHz as a function of groundplane ra-
dius is plotted in figure 7. The range of groundplane radii, for
which the mismatch loss (= - mismatch gain in dB) does not exceed a
specified level, increases with iIncreasing ohmic resistance. The
range of groundplane radii, for which the mismatch loss 1is within

3 dB, 1s approximately 4 to 16 ft., 3 to 16 ft., and 2 to 16 ft. for

Rohmic = 0, 1.7, and 7.8 ohms, respectively. With very small and
very large groundplane radii, the mismatch loss can exceed 90 db for
Rohmic = 0 ohms.
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RADIATION EFFICIENCY, 1 (dB)

0 T I T T T T e T

00=R oymic
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T- -]~ 2b=1.0 N
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7.80 J_
-10 ]

|—— 28 —»|

-14 L | I | I | A | | | !
30 50 70 90 110 130 160

FREQUENCY (MHz)

Figure 6. Radiation Efficiency of Monopole Antenna for System
Ohmic Resistances of 0, 1.7, and 7.8 Ohms
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MISMATCH GAIN, M (dB)
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-120

0L =Roumic

CURVES ARE FOR BOTH DOUBLE AND SINGLE-PARAMETER
TUNING SINCE TUNING WORDS ARE THE SAME AT 30 MHz

-

GROUNDPLANE RADIUS,a (FT.)

Figure 7. Mismatch Gain at 30 MHz
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The mismatch gain and equivalent VSWR are plotted as a function
of frequency in figures Al-A6 of appendix A for single- and double-
parameter tuning and for Rohmic
plane radius as a parameter. The results of figures Al-A6 are sum-

=0, 1.7, and 7.8 ohms with ground-

marized here:

1. For a groundplane radius a = 4 ft., the VSWR = 1 at all frequen-
cles with double-parameter tuning. For the same groundplane radius
with single-parameter tuning, the VSWR = 1 at 30 MHz and may be as
large as 7.3 at 100 MHz (see figure A5).

2. With Rohmic = 0 ohms andﬁdouble—parameter tuning, the VSWR < 6
(corresponding to a mismatch loss of less than 3 dB) over the fre-
quency band for groundplane radii 3 < a < 16 ft. (see figure A2).

For the same conditions but with single-parameter tuning, the range

of groundplane radii is reduced to 4 < a < 16 ft. (see figure Al).

3. With Rohmic = 1.7 ohms and double-parameter tuning, the VSWR < 6
for groundplane radii 2.5 { a < 16 ft. (see figure A4). For the
same conditions but with single-parameter tuning, the range of
groundplane radii is approximately the same as with double-parameter

tuning (see figure A3).

4. With Rohmic = 7.8 ohms and double-parameter tuning, the VSWR < 6
for groundplane radii 2.0 < a < 16 ft. (see figure A6). For the same
conditions but with single-parameter tuning, there is no ground-
plane radius for which the VSWR < 6 over the whole frequency band
(see figure A5). In figure A5 it should be noted that the mismatch
loss 1s much larger at mid-band frequencies than at other frequen-

cles. The reason is that, for the conditions of figure A5, the
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Re(ZIN) is much larger than 50 ohms at midband frequencies because
the sum of the radiation resistance plus the ohmic resistance is not

small compared to 50 ohms.

3.4 ANTENNA GAIN ON THE HORIZON

The antenna gain on the radio horizon, G(w/2), at 30 MHz is
plotted in figure 8 as a function of groundplane radius. Although
antenna gain 1s plotted as a continuous curve, please note the dis-
continuities in the abscissa and that the only data points for
groundplane radii a > 4 ft. are for a = 4, 16, and 40 ft. The same
comment applies to figures B1-B4 of appendix B. At 30 MHz, the
antenna horizon gain as a function of groundplane radii 1s a maximum
for groundplane radil approximately equal to that of the reference
groundplane with gains of 2, -6, and -12 dBi for Rohmic w0 Tais
and 7.8 ohms, respectively. The range of groundplane radii a, for

which the horizon galn is within 3 dB of the maximum horizon gain,

is 4 <a <16 ft., 3 < a {16 ft., and 2 { a < 16 ft. for Rswmta —

0, 1.7, and 7.8 ohms, respectively. These results are independent
of whether double- or single-parameter tuning is utilized because at
30 MHz the tuning words are identical for double- and single-

parameter tuning.

The antenna gain on the radio horizon at 60, 90, 120, and 150
MHz is plotted in figures B1-B4 of appendix B. At these frequen-
cles, the maximum antenna galn on the horizon as a function of
groundplane radius generally decreases with Increasing values of
Rohmic’ whereas the range of groundplane radii for which the gain is
within 3 dB of the maximum gain generally Increases with increasing
value of R At frequencies other than 30 MHz, the maximum an-

ohamic’
tenna gain on the horizon as a function of groundplane radius is

3=



ANTENNA GAIN ON HORIZON, G(72) (dBi)

0 L T T T T T T T s

ANTENNA TUNED FOR GROUNDPLANE RADIUS a = 4 FT.

T CURVES ARE FOR BOTH DOUBLE AND SINGLE-PARAMETER
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W f =30 MHz
h=18 IN
_100 - b = 0.5 |N. —
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GROUNDPLANE RADIUS, a (FT.)

Figure 8. Antenna Gain on Horizon at 30 MHz
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Bl e e e

generally greater (0.1 - 10 dB) with double-parameter tuning than
with single—-parameter tuning. However, the range of groundplane
radii for which the gain is within 3 dB of the maximum gain 1s
generally not significantly increased with double-parameter tuning
except at the high end of the frequency band for Rohmic = 0 ohms.
The antenna gain on the radlo horizon for the monopole element
mounted on the reference groundplane of radius a = 4 ft. is plotted
as a function of frequency ia figure 9. The discontinuity in an-

tenna gain for single-parameter tuning at 110 MHz for Rohmic = 7.8

ohms is because of a change in the algorithm for L,, when Ro(w) >
u’LZO/Z (see Eq. 19). The antenna gain at any frequency over the
frequency band 1s larger with double-parameter tuning than with
single-parameter tuning. For zero ohmic loss, G(7/2) over the en-
tire frequency band is greater than -2 dBi and -7 dBi with double-
parameter and single-parameter tuning, respectively. Unfortunately,
as was mentioned earlier, the tuning stability 1is not significantly
better with double-parameter tuning than with single-parameter

tuning.

The antenna galns on the radio horizon for groundplane radii

a = 0.5 - 40 ft. are plotted as a function of frequency in figures
Cl-C8. The antenna galn on the horizon as a function of frequency
is a minimum at 30 MHz for any given groundplane except the refer-
ence groundplane. The antenna gain is 40 to 100 dB less at 30 MHz
than at 150 MHz for groundplane radii much less or greater than that
of the reference groundplane. At 30 MHz, the antenna gains for a =
0.5 ft. and 40 ft. are -107 dBl and -94 dBi, respectively, with

R = 0 ohms.

ohmic
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ANTENNA GAIN ON HORIZON, G01/2) (dBi)

—
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[ b = 0.5 IN. SINGLE-PARAMETER TUNING 2
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Figure 9. Antenna Gain on Horizon, a = 4.0 ft.
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SECTION 4

CONCLUSIONS

Double-parameter and single-parameter tuning of an electrically-
short monopole antenna is investigated in this paper to determine
the range of groundplane radii for which the same tuning words can be

utilized in maintaining a specified antenna gain over the 30-150 MHz

frequency band.

In double-parameter tuning, the tuning words are chosen by vary-
ing two inductances of the impedance-matching network to provide a
perfect impedance match at each frequency of interest when the an-
tenna is mounted on a reference groundplane of 4 ft. radius. 1In
single-parameter tuning, the tuning words are chosen by varying one
inductance to provide a perfect impedance match at 30 MHz and zero

input reactance at other frequencies when the antenna is mounted on a

groundplane of 4 ft. radius.

Edge diffraction by the circular groundplane significantly
alters the antenna input impedance so that it is not possible to
utilize the same tuning words to provide a good impedance match for
groundplane radii appreciably different from that of the reference
groundplane and, in the case of single-parameter tuning, even for the

reference groundplane.

The maximum antenna gain on the horizon as a function of ground-
plane radius is generally greater with double-parameter tuning than

with single-parameter tuning. However, the range of groundplane
radii for which the gain is within 3 dB of the maximum gain is gen-

erally not significantly increased with double-parameter tuning.
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The maximum antenna gain on the horizon as a function of ground-
plane radius generally decreases with increasing ohmic resistance
Rohmic of the antenna circuit whereas the range of groundplane radii
for which the gain 1is within 3 dB of the maximum gain generally
increases with increasing values of Rohmic'

The antenna gain on the horizon as a function of frequency is
a minimum at 30 MHz for any given groundplane except the reference
groundplane. For example, the antenna gain is 40 to 100 dB less at
30 MHz than at 150 MHz for groundplane radii much less or greater

than that of the reference groundplane.

At 30 MHz the antenna gain on the horizon as a function of
groundplane radius 1s a maximum for groundplane radii approximately
equal to that of the reference groundplane with gains of 2, -6, and
-12 dBi for Rohmic =0, 1.7, and 7.8 ohms, respectively. At 30 MHz,
the range of groundplane radii a, for which the horizon gain is
within 3 dB of the maximum horizon gain, is 4 { a < 16 ft., 3 < a
€16 ft., and 2 < a {16 ft., for R =0, 1.7, and 7.8 ohms,

ohmic
respectively.

It 1is concluded that it may not be possible to use the same
tuning words for all groundplanes of interest without a substantial
loss in antenna gain because of mismatch loss at some frequencies,
particularly at the low end of the band. Therefore, it may be
necessary to have different tuning words for different aircraft

platforms.

Different tuning words for different aircraft platforms may be
implemented by utilizing more than one antenna model or by sensing
in real time the impedance mismatch and then modifying the tuning

word at a given frequency to minimize the impedance mismatch.



The latter method is preferable because it would:

1) eliminate the difficult logistics problem of having to

field several antenna models;

2) solve the problem of tuning instabllities arising from
environmental changes In humidity, temperature, and stores

in addition to that of platform size; and

3) 1improve the antenna radiation efficiency since it would not
be necessary to load the antenna circuit with antenna loss

in order to provide tuning stability.

An alternative to the implementation of different tuning words
for different platforms might be to utilize a different antenna
element, such as a dipole, whose input impedance might not be as
sensitive to groundplane size as that of a monopole. However, even
if such an element would prove to have better tuning stability with
varying platform size and to have the desired gain pattern charac-
teristics, it is not clear how such an alternative would solve the
problem of tuning Instabilities arising from changes in humidity,
temperature, and stores without having to load the antenna circuit

with antenna loss in order to provide tuning stability.

Consequently, implementation of different tuning words, by
sensing In real time the impedance mismatch and then modifying the
tuning word at a given frequency to minimize the impedance mismatch,
is a preferable design objective. Such an objective has been re-
alized at HF frequencies and an rf power level of 400W with sensing
and tuning times of approximately 20 gts and ls, respectively, by a
circuit comprising a directional coupler, digital processor, and

electromechanical switches. The substitution of P-I-N diode




switches for the electromechanical switches might prove to be a fea-
sible technique for achieving such an objective at VHF frequencies
with an rf power level of 10W and a tuning time of less than 1 ms
provided that the intermodulation products generated by the use of

such switches are not excessive for the intended application.
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APPENDIX A

PLOTS OF MISMATCH GAIN AND EQUIVALENT
VSWR AS A FUNCTION OF FREQUENCY
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APPENDIX B

PLOTS OF ANTENNA GAIN ON THE HORIZON AS
A FUNCTION OF GROUNDPLANE RADIUS
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Figure Bl. Antenna Gain on Horizon at 60 MHz
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APPENDIX C

PLOTS OF ANTENNA GAIN ON THE HORIZON
AS A FUNCTION OF FREQUENCY
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Figure C3. Antenna Gain on Horizom, a = 2,:0: Ets.
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ANTENNA GAIN ON HORIZON, G(1/2) (dBi)
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ANTENNA GAIN ON HORIZON, G(1/2) (dBi)
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Figure C5. Antenna Gain on Horizon, a = 3.0 ft.
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ANTENNA GAIN ON HORIZON, G(772) (dBi)
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Figure C6. Antenna Gain on Horizon, a = 3.5 ft.
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ANTENNA GAIN ON HORIZON, D(/2) (dBi)
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Figure C7. Antenna Gain on Horizon, a = 16 ft.
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ANTENNA GAIN ON HORIZON, G(m/2) (dBi)
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Figure C8. Antenna Gain on Horizom, a = 40 ft.
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