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RESISTIVE LOADING TECHNIQUE FOR‘ 
ANTENNAS 

BACKGROUND OF THE INVENTION 7 

Designers of naval communication systems for ship 
board use must cope with the problem of installing and 
operating their systems in relatively crowded environ 
ments due to the limited topside space available on 
most ships. The problem is especially critical with HF 
antenna systems since they require considerable space 
for adequate operation primarily because of the long 
wavelengths involved relative to the dimensions of ex 
isting naval ships. For example, a DLG-type ship is only 
two wavelengths long or less at 4—MHz; yet, HF anten 
nas on this ship must compete for topside space with 
other important systems such as weapon launchers. 
Consequently, as the topside area on naval ships be 
comes more crowded, antenna system performance is 
inevitably degraded by the presence of nearby struc 
tures which can act as parasitic radiating elements. 

In addition to the problem of physical crowding, 
meeting system operational requirements can also pres 
ent problems. For example, HF broadband transmitting 
antennas aboard modern navy ships are typically re 
quired to have omnidirectional coverage and a 3:1 fre 
quency band. These ‘requirements and the complexity 
of a ship’s environment make it difficult to match the 
antenna input impedance to the multicoupler output 
impedance over the entire frequency band of interest. 
As is well-known, a mismatch between the antenna and 
multicoupler can cause the antenna to re?ect a portion 
of the power into the multicoupler, thereby creating 
standing waves and reducing the ef?ciency of the com 
munications system. Furthermore serious nulls can 
occur in the radiation patterns because of parasitic ex 
citation of ship structures. 

Presently various types of lossless, lumped L-C 
matching networks are used to match the antenna to 
the multicoupler within desired limits; However, in 
some cases it is impossible or infeasible to use a match 
ing network alone to match the antenna to the mul 
ticoupler. > - 

SUMMARY OF THE INVENTION 

A novel technique is disclosed for matching HF ship 
board antennas to multicouplers in communications 
systems by means of discrete, resistive loading. Anten 
nas are loaded at various selectively predetermined po 
sitions on the antenna structure to alter the currents on 
the antenna and thereby change the input impedance. 
The loading increases the antenna, improves the 
VSWR and the radiation patterns without causing ex 
cessive RF energy losses. Resistive loads are electri 
cally connected at the apexes of twin-fan antennas far 
from the feedpoint so that the maximum energy is radi 
ated before energy is dissipated as IZR losses in the 
load. The apexes of antennas are further connected to 
ground through a resistive load to reduce energy re?ec 
tions from the otherwise opened end without causing 
undue energy loss. Resistive loading can also be con 
nected in the middle of an antenna or an antenna can 
be continuously loaded to improve other properties 
such as increasing the bandwidth. The resistive loading 
technique can be used advantageously as long as the 
distortion of the currents does not create unacceptable 
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nulls in the radiation patterns or reduce the gain of the 
antenna below a minimum required level. 

OBJECTS OF THE INVENTION 

It is the primary object of the present invention to 
provide a relatively simple and inexpensive technique 
for effectively matching communication antennas to 
associated multicoupler apparatus. 

It is anotherl?object of the present invention to pro- , 
vide a technique that can be used to resistively load 
conducting and radiating elements located in the near 
?eld of antennas to improve the operational character 
istics of the antenna. 
Other objects, advantages and novel features of the 

invention will become apparent from the following de 
tailed description of the invention when considered in 
conjunction with the accompanying drawings. 

‘ BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1' is an illustration of a shipborne, 2-6 MHz, 
twin-fan transmitting antenna loaded in accordance 
with the inventive concept to be disclosed herein. 
FIGS. 2 and 3 are impedance plots for the antenna of 

FIG. lfor two different loading conditions. 
FIG. 4 represents a radiation pattern of the twin-fan 

antenna of FIG. 1 at a frequency of ‘ 6-Ml-Iz. 
FIG. Sis an illustration of a shipborne, pair of yoked, 

twin-fan antennas loaded in accordance with the pres 
ent inventive concept. 
FIGS. 6 and 7 represent VSWR plots for the antennas 

of FIG. 5 with two different loading conditions. 
FIG. 8 illustrates a radiation pattern of the twin-fan ' 

antennas of FIG. 5 at a frequency of 6-MHz; and, 
FIG. 9 is an illustration of a parasitic structure con~ 

nected to the mast of‘ an antenna to improve the impe 
dance and radiation patterns thereof. ' ' ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The inventive concept to be disclosed herein essen 
tially embodies the technique of using resistive loading 
for matching communication antennas to multicou~ 
plers on HF shipboard communication systems. The 
technique can be used advantageously to improve radi 
ation patterns and impedance plots, and furthermore 
the technique can be extended by means of resistive 
loaded wires to damp currents on parasitically excited 
ship’s structures thereby resulting in marked improve 
ment of both VSWR and radiation patterns with negli 
gible power loss. 
The concept will be described with reference to three 

methods of loading twin-fan antennas and parasitic 
structures as shown in FIGS. 1, 5 and 9. In the ?rst 
method, antennas are loaded at the apexes far from the 
feedpoint so that the maximum energy is radiated be 
fore energy is dissipated in the form of FR losses by the 
loading resistors. In this method, a resistor is connected 
between the apex of the antenna and ground so that en 
ergy re?ections from the otherwise open end are re 
duced without causing undue energy loss. 

In the second method, resistive loading is applied at 
the apex as above and at randomly selected points on 
the conducting wires of the fan antenna to improve 
other properties of, the antenna such as increasing the 
bandwidth thereof. In the third method, apex and ran 
dom resistive loading as above are used, and further 
more, parasitic structures in proximity to the antenna 
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operationalv environment are resistively loaded to 
ground. 1 

In general, it can be stated that if the distortion of the 
currents created by resistive loading as disclosed herein 
does not generate unacceptable nulls in the radiation 
pattern or reduce the gain of the antenna below a mini 
mum required level, then the technique can be used to 
advantage. In all three approaches it can be seen that 
discrete resistive elements are attached to various 
places on the antenna or on nearby conducting and ra 
diating structures to alter the currents on the antenna 
and thus change the input impedance. 
FIG. ’1 illustrates a typical twin-fan 2-6 MHZ trans 

mitting antenna 10 located and supported on the hull 
and superstructure 12 of a naval ship. All structure 
shown in FIG. 1 is conductive except that which is 
shown as being insulator. The superstructure 12 is con 
nected through the ship’s hull to ground as is well 
known. 
The antenna 10 comprises two, three-wire “fans” 14 

which are connected through the insulators 16 to the 
yardarm 18. The yardarm 18 is in turn rigidly mounted 
to a vertical mast member 20. The antenna feedpoint 
21 is situated directly below the cross created by the 
yardarm and the mast. 
The opposite ends of the twin fans 14 are connected 

through the resistors 22 and 24 to the vertical support 
structures 26. The resistors are connected thru the con 
ductive structure 26 to ground as above. . 

In effect, each of three wires of the fans is resistively 
loaded by the resistors 22 and 24 at the apexes farthest 
from the feedpoint 21. This type of loading asures that 
maximum energy is radiated before energy is dissipated 
as lzR'losses by the resistors 22 and 24. 
The impedance plots and the radiation patterns of 

FIGS. 2, 3, and 4 varied directly as the value of the 
loading was varied. Without any resistive loading what 
soever, FIG. 2 shows that the antenna 10 had an unac 
ceptable maximum VSWR of approximately 7:1. With 
a IOO-ohm load comprising the resistors 22 and 24, the 
VSWR was not improved but the impedances were al 
tered, thereby indicating that in some cases the 100 
ohm load might change an unmatchable antenna into 
a matchable one. i . 

‘ With a 470~ohm load (not shown) the VSWR was 
greatly improved to approximately 3.7:l which would 
be relatively easy to match with a lossless matching net 
work. With a l-kilohm load, the VSWR was measred 
at 3.8:1, and with a lO-kilohm load, the VSWR was 
4.4:l. With a 20-kilohm load as shown in FIG. 3, 
VSWR deteriorated to 7.5:] 
The radiation patterns shown in FIG. 4 for 6-MHz are 

plotted on a logarithmic scale, and the maximum is 
lO-db above the maximum power from a quarter wave 
length monopole above an incident ground plane. The 
radiation patterns for no-load, load, and IOO-ohm and 
470~ohm load configurations, the antenna radiates less 
energy or has less gain than in the no-load case. This 
confirms that considerable energy is dissipated in the 
load resistors. 
With a l-kilohm load, the antenna gain is improved, 

but it is still too low for an effective antenna system. 
With loads of 10- and 20-kilohms, the gain of the an 
tenna is only slightly less than in the no-load case for 
2-MI-Iz and 3-I-IMz, but it is as much as 5-db less above 
S-MI-Iz. Obviously a trade-off decision would be re 
quired to determine whether the resulting power loss is 

5 

20 

25 

45 

60 

4 
justified to achieve an antenna that can be matched to 
within a 3:1 VSWR. 
The structure shown in FIG. 5 represents a 2-6 MI-Iz 

transmitting antenna comprising a yoked, pair of twin 
fan antennas 32 and 33 which are generally suppored 
by the masts 36 and 44. The normal apex loading of the 
antennas is capacitive. 
The twin-fan antennas 32 and 33 comprise three-wire 

antennas 34 and 35, respectively, as shown in FIG. 1 
and FIG. 5. The wires 34 and 35 are connected at the 
top thereof to a yardarm structure through the insula 
tors 38 and 39, respectively. The antenna wires 34 and 
35 are connected to the feedpoints 40 and 46, respec 
tively, and the wires 34 and 35 are resistively loaded at 
the far apexes by the loads 42 and 48, respectively. The 
resistive loads 42 and 48 are connected to ground as 
the resistors 22 and 24 above. 
FIGS. 6 and 7 represent imepdance plots for the an 

tennas of FIG. 5 with various resistive loads connected 
as above, and FIG. 8 is a radiation pattern for a fre 
quency of 2-MHz. 
Again it is clear that for lower values of resistors, ex 

cessive amount of energy is lost as I’R losses in the re 
sistive loads although the VSWR is improved. With a ‘ 
10-kilohm load at each apex, the radiation patterns are 
more nearly omnidirectional; that is, the patterns have 
more shallow nulls at two frequencies than in a capaci 
tive-loaded antenna and resistive loss appeared to be 
less than l-db over the frequency range of interest. For 
a ZO-kilohm ‘load, ‘the distortion of the radiation pat 
terns was not signi?cantly less than in the capacitive 
loaded case. 
FIG. 9 illustrates a twin-fan antenna 54 having fans 

56 and 60 generally mechanically and electrically con 
nected as in FIG. 5 and wherein, the fan wires 56 and 
60 are resistively loaded at the apex as before by the re 
sistors 76 and 78, respectively. That is, FIG. 9 illus 
trates a complex antenna environment wherein a para~ 
sitic structure is loaded (in addition to the apex loading 
if desired) to improve antenna impedance and radia 
tion patterns. 

In FIG. 9, the parasitic structure comprises a radar 
unit 74 and its support structures and which is located 
in the operationl environment or near-?eld of the an 
tenna 54. As can be seen the radar unit 74 is loaded by 
a resistive load 72 connected between it and the mast 
62 of the antenna. The mast 62 is connected to ground 
_as previously described. 
Although the wires of the antennas 56 and 60 are 

shown with resistive loads as in FIGS. 1 and 5, it should 
be understood that they could be loaded at experimen 
tally determined random locations on the wires at the 
option of the antenna designer faced with an opera 
tional environment which required it. 

Essentially, an experimental technique was used on 
the system of FIG. 9, by varying both the surroundings 
in the near ?eld, such as by adding resistive loaded 
wires between the mast and the platform and by apex 
loading to improve the input impedance and the radia 
tion pattern of the antenna. The added loaded wire 
changes the forced currents that normally flow on a 
ship. 
Experiments veri?ed that the VSWR may be im 

proved by resistive loading and/or by changing the sur 
roundings such as by adding resistive loaded wires be 
tween mast and platforms. The mutual coupling be 
tween these currents on the structure and those on the 
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wire fans dictate that the, radiation pattern and input 
impedance will change as a function of frequency and 
the loading. Because of the complexity of these struc 
tural situations the technique must be an experimental 
one for each particular con?guration. 
Obviously many modi?cations and variations of the 

present invention are possible in the light of the above 
teachings, It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as speci?cally described. 
What is claimed is: 
1. ln shipboard broadband communication systems, 

a method for matching system fan antennas to system 
multicouplers and comprising a plurality of conductive 
wires connected at one end to a common apex and 
each of said wires radiating therefrom in- a fan-like 
manner to an energy feed connection comprising the 
steps of electrically connecting discrete, resistive ele 
ments at- various selectively predetermined places on 
the conductive wires of said antennas to alter the cur 
rents thereon and thereby vary the input impedance of 
said antennas, said various places being randomly 
selected to provide a desired input impedance.v 

2. A method for improving the VSWR levels a'ri‘dié 
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6 
conductive wires connected at a common apex and 
connected at the other end to an energy feed connec 
tion in a spaced manner with respect to each other 
comprising the steps of electrically connecting selec 
tively predetermined, discrete ?rst resistive "loads be 
tween said antenna apex farthest from the energy feed 
point and ground to provide maximum energy radiation 
and to reduce energy re?ections, and electrically con 
necting selectively predetermined, discrete second re 
sistive loads at randomly selected places on the con 
ductive wires of said antenna to alter currents therein 
and thereby vary the input impedance thereof. 

3. A method for improving the radiation pattern of a 
shipboard transmitting fan antenna wherein parasitic 
structures are located in the antenna’s near-?eld and 
comprising the steps of connecting resistive loading at 
randomly selected positions on the conductive wires of 
said antenna, connecting resisitve loads between the 
apex of said wires, farthest from the energy feedpoint 
of said antenna, and ground, and further electrically 
connecting resistively-loaded conducting wires be 
tween randomly selected places on said parasitic struc 
ture and ground. 

* * * * * 


