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[5 7 ] ABSTRACT 
A multi-element antenna structure is provided which 
may be fabricated with an improved characteristic im 
pedance for impedance matching purposes. The ele~ 
ments in an antenna include both linear and helical 
electrically conductive elements that are structurally 
supported and protectively encased in a dielectric ma 
terial, comprising a ?ber-glass-reinforced synthetic 
resin matrix. 

14 Claims, 11 Drawing Figures 
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MULTIELEMENT RADIO-FREQUENCY ANTENNA 
STRUCTURE HAVING LINEAR AND HELICAL 

‘ CONDUCTIVE ELEMENTS 

This application is a continuation of Ser. No. 53,062, 
filed July 8, 1970, now abandoned. 

BACKGROUND OF THE INVENTION 

The antenna structure of this invention is primarily 
adapted to mobile installations for both transmitting 
and receiving functions such as citizens-band opera 
tions in connection with automotive vehicles although 
the antenna structure is adaptable to other frequency 
band allocations. In installations of this type, the anten 
nas of prior art constructions comprises a single electri 
cally conductive element effective as both a receiver 
and radiator of electromagnetic wave energy in the ra 
dio-frequency spectrum and is of a physical construc 
tion to accomodate the mechanical forces that may be 
applied as a consequence of vehicular movement. An 
tennas of prior art construction for mobile installations 
are most commonly an electrical quarter wave in length 
and metallic ranging in length from about 9 feet for 27 
megahertz to about 6 inches for 470 megahertz. These 
antennas are usually vertically mounted and supported 
only at the bottom and are end-fed. Vertical quarter 
wave antennas of a length in the range of 9 feet are 
physically unwieldly; however, an antenna in the l 
—5OO megahertz range may be physically shortened by 
adding inductance in series. Conversely, the physical 
length, commonly called aperture, may be increased by 
adding capacitance in series. 
Quarter-wave antennas are desirable because, when 

end-fed, they approach resonance. Resonance is the 
state where inductance and capacitive reactances are 
equal, but, since they are of opposite sign, the resultant 
total impedance of the antenna is its resistance which 
includes both radiation resistance and loss resistance. 

In two—way radio communications, the transceiver 
and antenna are connected with coaxial cable, and the 
most commonly used coaxial cable has a characteristic 
impedance of 52 ohms. The output stage of the trans 
ceiver is adjustable to 52 ohms. However, the terminal 
impedance of an end-fed quarter wave is well below 52 
ohms, perhaps as low as 15 ohms. Maximum power 
transmission results when the terminal impedance of 
the end-fed quarter wave antenna matches the imped 
ance of the coaxial transmission line. With the single 
element antennas of prior art the impedance mis~match 
is great enough to seriously impede the efficiency of 
power transferral. Some installations are operated inef 
ficiently with this mis-match, while other installations 
rely on complex impedance matching networks to cor 
rect this mis-match. ‘ 

BRIEF DESCRIPTION OF THE INVENTION 

The antenna structure provided by this invention 
comprises a multiplicity of elements including both lin 
ear elements and helical elements that are electrically 
interconnected to form a composite structure having 
the desired impedance at the design operating fre 
quency of a particular antenna structure. This multiple 
element design enables construction of an antenna hav 
ing a more advantageous impedance match with that of 
a connecting coaxial transmission cable. A desired 
nominal operating frequency within a frequency band 
throughout the 1 --S00 megahertz spectrum is readily 
obtained for a particular antenna structure through ap 
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2 
propriate selection of the component elements and 
physical con?guration of each element while providing 
a wide band-width and maintaining a relatively high re 
sponse and radiation characteristic for the entire band. 
A basic embodiment of the invention antenna com 
prises as the electrically conductive elements thereof, 
a combination of linear elements and helical elements 
with there being a plurality of either the linear elements 
or the helical elements. Other embodiments may com 
prise pluralities of both linear elements and helical ele 
ments in various combinations. A structurally support 
ing body is formed for the selected elements from a di 
electric material such as a synthetic resin reinforced 
with strands of ?ber glass with the completed structure 
capable of accomodating the structural or mechanical 
forces encountered in a mobile vehicular installation. 
These and other objects and advantages of this inven‘ 
tion will be readily apparent from the following de 
tailed description of embodiments thereof and the ac 
companying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary elevational view partly in sec 
tion, of an antenna structure embodying this invention. 
FIG. 2 is a transverse sectional view taken along line 

2-2 of FIG. 1. ‘ 

FIG. 3 is a transverse sectional view taken along line 
3-3 of FIG. 1. 
FIG. 4 is a diagrammatic illustration of the electrical 

equivalent circuit of the antenna structure of FIG. 1. 
FIGS. 5 and 6 are graphic representations of the fre 

quency response characteristics of the elements form 
ing the antenna structure. 
FIGS. 7-11 are diagrammatic illustrations of the 

electrical equivalent circuits of modi?ed antenna struc 
tures embodying this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Having reference to FIGS. 1-3 of the drawings, an 
antenna structure embodying this invention is illus 
trated‘ in detail. This antenna structure comprises a 
multiplicity of electrically conductive elements, indi 
cated generally at 10, encased in a structurally support 
ing body 11 that includes a central core 12 and an outer 
coaxially formed sheath 13 although the core 12 and 
sheath 13 are preferably integrally formed in fabrica 
tion of a composite antenna. In this embodiment, the 
four elements 15, l6, l7 and 18 are arranged in pairs 
thus forming two members which are effective, at the 
design radio frequencies, for radiation or reception of 
electromagnetic wave energy or two elements 15 and 
16 are helically coiled to de?ne an elongated cylinder 
and are each serially connected with a respective linear 
element 17 and 18. 
The conductive elements 15, 16, 17 and 18 are pref 

erably formed from small diameter copper wire, such 
as No. 24 A. W. G., to obtain the desired electrical 
characteristics and, consequently, the elements will not 
be structurally self-supporting. An antenna structure of 
this invention is particularly adapted to utilization with 
mobile vehicular installations and these installations 
are normally operated in the l —500 megahertz fre 
quency spectrum where a quater-wave antenna will 
have a substantial length. In the case of equipment op 
erating in the citizens-band frequency spectrum at the 
nominal operating frequency of I27 megahertz, the 
physical length for an electrical quarter-wave length 
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will be of the order of 3 to 8 feet and it will be readily 
seen that this length precludes reliance on the struc 
tural strength of the conductive elements for structural 
integrity of the antenna structure. Accordingly, a struc 
turally supporting body 11 is provided to adequately 
maintain the several conductive elements in a speci?c 
con?guration and permit vertical mounting of the an 
tenna on a vehicle. This body 11 is formed from a di 
electric material which is a synthetic resin matrix hav 
ing the necessary mechanical characteristics as to flex 
ural strength and modulus for the speci?c design appli 
cation to withstand the static and dynamic loads that 
may be encountered in vehicular installations and 
maintain the speci?c element con?guration. Prefera 
bly, the synthetic resin matrix which may comprise a 
thermosetting polyester or epoxy, also includes strands 
of ?ber glass 19 distributed throughout the body to en~ 
hance the mechanical properties of the antenna struc 
ture. These strands of ?ber glass 19 are preferably ori 
ented longitudinally of the antenna structure and are 
included in both the core 12 about which the helical el 
ements 15 and 16 are wound and the outer sheath 13. 
Interconnection of the antenna with radio installa 

tion, as well as mechanical support or mounting of the 
antenna, is accomplished by means of a mounting fer 
rule 20. The ferrule 20 is formed from an electrically 
conductive metal with a central socket 21 in which an 
end of the antenna structure is inserted and secured as 
by a suitable adhesive or bonding material. The termi 
nal ends of the conductive elements 15 and 16 extend 
into an aperture 22 formed in the ferrule and are elec 
trically connected to the ferrule as by a solder connec 
tion 23. The ferrule 20 is also provided with a threaded 
portion 24! for mechanical interengagement with a 
mounting socket (not shown). 
The two helical elements 15 and 16 may be formed 

conveniently by simultaneously winding both elements 
on the core 12 which is performed in a preliminary step 
in the antenna fabrication process. Each turn of the 
helix is longitudinally spaced from an adjacent turn, a 
distance of the order or l/l6 inch in the 27 megahertz 
embodiment with the core diameter or internal diame 
ter of the helical elements being of the order of 54-: inch. 
The diameter of the outer sheath 13 may be of the 
order of as inch and will become integral with the core 
12 during the thermosetting step thereby providing a 
unitary structure. At least one of the helical elements, 
15 or 16, may be provided with a dielectric sheath 25 
to assure electrical insulation of the two elements 
throughout their length except for the terminal ends 
electrically interconnected by the solder 23. This di 
electric sheath 25 in the present embodiment com 
prises a suitable varnish; however, other well-known 
materials that do not provide electromagnetic shielding 
may be utilized. If desired, the dielectric sheath 25 may 
be omitted if the element spacing is otherwise main 
tained or both elements may be provided with a similar 
dielectric sheath. 
Connected to each helical element 15, 16 at the end 

opposite the solder connection 23 is a respective one 
of the two linear elements 17, 18 which extend longitu 
dinally in axial alignment to the helical elements. The 
linear elements 17, 18 are also electrically insulated 
from each other as by a dielectric sheath 26 which may 
also be varnish applied to one of the elements. These 
linear elements 17, 18 are disposed in spaced parallel 
relationship but are not electrically connected at their 
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4 
free ends thus preventing electric current circulation 
within the pairs of conductive elements 15, 17 and 16, 
18. 
Through selection of conductive elements 15, 16, 17 

and 18 of appropriate cross-sectional area and length 
and through proper spacing of the elements, an an 
tenna structure may be constructed having a predeter 
mined value of antenna input impedance. In the usual 
mobile installation, the desired antenna input imped 
ance for proper matching is 52 Q as this is the imped~ 
ance of the most commonly used commercially'avail 
able coaxial transmission cable. 
The antenna structure of this invention will prefera~ 

bly be a quarter-wave length for the speci?c design fre 
quency band. One of the parameters controlling the 
physical length of an end-fed electrical quarter-wave 
antenna is the diameter of the conductor. For a given 
electrical quarter-wave, the physical length of the con 
ductor decreases as the conductor diameter increases, 
but not as a straight line function. FIG. 5 illustrates this 
condition. Curve M shows the response of a conductor 
of a given diameter, while curve N is the response of a 
conductor of another diameter. FIG. 5 shows that their 
resonant frequencies are at different frequency values 
in the spectrum and illustrates how a multiplicity of 
conductors of dissimilar‘ diameters broadens the effec 
tive band-width of an antenna. 
FIG. 6 illustrates how conductors of different physi 

cal lengths have their maximum response at dissimilar 
frequencies when end-fed as quarter-wave antennas. 
Curves P and S represent conductors of different physi 
cal lengths, and their resonant frequencies may be 
widely displaced. 
A slight difference in length of the pairs of conduc 

tive elements 15, 17 and 16, 18 is obtained in the illus 
trated embodiment where the two helical elements 15 
and 16 are seen to be of dissimilar diameters. This re 
sults from the two elements being wound with the same 
pitch with the same internal diameter and this causes 
the pitch diameter which determines the lineal dimen 
sion to be different. The larger diameter element of 15 
and 16 will thus be longer. A further change in length 
can be obtained through adjustment in relative length 
of the two linear elements 17 and 18. 

Utilizing a combination of helical and linear elements 
permits fabrication of an antenna having improved im 
pedance match through appropriate relative dimen 
sioning of the helical and linear elements and alsohav 
ing a better resonance characteristic. 
The central core 12 may also comprise a ferrite mate 

rial having a magnetic permeability greater than unity 
to further enhance the electrical properties of the an 
tenna structure. Ferrites such as iron carbonyls and 
magnetic iron oxide in particulate form may be embed 
ded in and distributed throughout the resin matrix 
forming the core 12. 
Other antenna structures embodying this invention 

may be constructed with various combinations of heli 
cal and linear elements. Several combinations are dia 
grammatically illustrated in FIGS. 7-11 which may be 
readily fabricated utilizing the previously set forth de 
tailed construction principles relative to the form 
shown in FIG. 4 to obtain speci?c antenna characteris 
tics. FIG. 7 illustrates a con?guration opposite or in 
verted to that previously described with the linear ele 
ments being electrically interconnected and forming 
the end fed terminal connection. The configurations 
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shown in H68. 3 and 9 are further variations of the em 
bodiment described in detail in that the linear or helical 
elements may be formed in separate sections having the 
other elements interposed at an intermediate point. 
FIGS. ill and ill illustrate embodiments that include 
either a single helical element or single linear element 
while having a plurality of the other elements. In these 
embodiments, the single element is connected to an an 
tenna terminal connection with the multiple elements 
being electrically interconnected at one end and to the 
single element. It will be apparent that combinations 
other than those illustrated may be fabricated such as 
having more than two conductive pairs or having multi 
ples of the con?gurations shown in FIGS. 10 and ll. 

It will be readily apparent that a novel antenna struc 
ture is provided which may be readily constructed with 
the desired impedance at the connector terminal for 
optimum matching with the impedance of an intercon 
necting cable. Utilizing conductive elements of dissimi 
lar diameters and lengths widens the frequency re 
sponse and a desired antenna characteristic is obtained 
through appropriate combination of linear and helical 
elements. 

I claim: 
1. A radio-frequency antenna structure comprising a 

linear element formed from an elongated, longitudi 
nally extending electrical conductor and a plurality of 
helical elements axially disposed relative to said linear 
element, said helical elements being elongated electri 
cal conductors formed into cylindrical helixes of the 
same pitch and internal diameter disposed in coaxial, 
side-by-side relationship with each element electrically 
insulated from the other throughout their length but all 
being electrically connected together at one end, said 
linear element series connected electrically at one end 
with said helical elements at their interconnected ends 
with the other end of said linear element forming a con 
necting terminal of the antenna, said helical and linear 
element conductors being of selected cross-sectional 
area to provide a desired antenna impedance, and a 
body structure formed from a dielectric material in 
which said linear and helical elements are embedded 
for support thereof in relatively ?xed relationship said 
dielectric material having a relatively low loss charac 
teristic as to electromagnetic wave energy and physical 
strength characteristic to maintain the physical con?g 
uration of the conductive elements and assure struc 
tural integrity of the antenna structure. 

2. An r-f antenna structure according to claim 1 
wherein said dielectric material is a snythetic resin ma 
trix reinforced with strands of ?ber glass extending lon 
gitudinally throughout the length of the antenna struc 
ture. 

3. An r-f antenna structure according to claim I hav 
ing a central core around which said helical elements 
are wound with said core formed from a material hav 
ing a magnetic permeability greater than unity. 

d. An r-f antenna structure according to claim ll 
wherein said helical elements are of dissimilar cross 
sectional area to provide a relatively greater effective 
band width at the nominal operating frequency. 

5. An r-f antenna structure according to claim ll 
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6 
wherein said helical elements are of dissimilar lengths 
to provide a relatively greater effective bandwidth at 
the nominal operating frequency. 

6. A radio-frequency antenna structure comprising a 
plurality of linear elements of elongated, longitudinally 
extending electrical conductors disposed in spaced par 
allel relationship electrically insulated one from an 
other throughout their length, a plurality of helical ele 
ments of elongated electrical conductors formed into 
cylindrical helixes of the same pitch and internal diam 
eter disposed in coaxial, side-by-side relationship elec 
trically insulated one from another throughout their 
length, said linear and helical elements relatively axi 
ally disposed with each of said linear elements series 
connected electrically with a respective one of said he 
lical elements and having all of the series connected el 
ements electrically interconnected at an end point 
forming an antenna terminal, said linear and helical el 
ement conductors being of selected cross-sectional 
area to provide a desired antenna impedance, and a 
body structure formed from a dielectric material in 
which said linear and helical elements are embedded 
for support thereof in relatively ?xed relationship, said 
dielectric material having a relatively low loss charac 
teristic as to electromagnetic wave energy and physical 
strength characteristic to maintain the physical con?g 
uration of the conductive elements and assure struc 
tural integrity of the antenna structure. 

7. An r-f antenna structure according to claim 6 
wherein said dielectric material is synthetic resin ma 
trix reinforced with strands of fiber glass extending lon 
gitudinally throughout the length of the antenna struc 
ture. 

d. An r-f antenna structure according to claim 6 hav 
ing a central core around which said helical elements 
are wound with said core formed from a material hav 
ing a magnetic permeability greater than unity. 

9. An r-f antenna structure according to claim 6 
wherein said linear elements are electrically intercon 
nected together at one end to form said antenna termi 
nal. 

10. An r-f antenna structure according to claim 9 
having a helical element intermedially interposed in 
each linear element. 

ill. An r-f antenna structure according to claim 6 
wherein said helical elements are electrically intercon 
nected together at one end to form. said antenna termi 
nal. 

112. An r-f antenna structure according to claim 11 
having a linear element intermedially interposed in 
each helical element. 

13. An r-f antenna structure according to claim 6 
wherein said linear and helical elements are of dissimi 
lar cross-sectional area to provide a relatively greater 
effective band width at the nominal operating fre 
quency. 

114. An r-f antenna structure according to claim 6 
wherein said series connected linear and helical ele 
ments are of dissimilar lengths to provide a relatively 
greater effective band width at the nominal operating 
frequency. 
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