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This invention relates to antennas, and more specif 
ically to antenna structures having resonant radiating ele 
ments which are relatively short considering the wave 
length of the transmissions in connection with which they are employed. 

Resonant antennas of conventional construction, em 
ploying straight conductors, normally have radiating ele 
ments of a minimum length of approximately one-quarter 
wavelength. (it will be understood that the term “wave 
length” as herein used refers, as is conventional, to ap 
proximately free-spaced wavelength, except where the 
context indicates otherwise.) w 
Such antennas, when employed for mobile use, as on 

automobiles, etc., are of prohibitive height when used at 
frequencies other than extremely high frequencies of the 
order of hundreds of megacycles. Accordingly, until re 
cently, it was customary to sacrifice efficiency by using 
an antenna of substantially shorter than resonant length 
and "turning out' the capacitive component of the 
impedance of the non-resonant antenna thus presented 
by means of a lumped inductance eleinent. This com 
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monly used expedient, however, results in poor radiation 
eficiency, as is well known. 

Another approach to the problem of reducing the 
length of antenna elements is the employment of helical, 
rather than straight, elements. Resonance may be pro 
duced in a helical element of Substantially shorter over 
all length than the corresponding length of straight wire, 
the resonant frequency of a helical radiating element 
lying somewhere between the resonant frequency of a 
straight wire of the same length as the axial length of the 
helix and of a straight wire of the same over-all or “de 
veloped' length as the wire employed in the helix, the 
relationship between the length of the helix and the 
resonant frequency being a function of numerous factors 
including the pitch and diameter of the helix. Various 
versions of such helical antennas or elements have been 
heretofore proposed or used, those most commonly em 
ployed for mobile use being, in essence, adaptations of 
the single wire quarter-wave vertical antenna, employ 
ing, in general, the metal top or other portion of the 
vehicle upon which the antenna is used as the ground 
plane. Such antennas, however, are subject to the seri 
ous objection that they possess an extremely low radia 
tion resistance, thus producing either a serious mis-match 
with the 50 ohm coaxial cables which are in standard 
use for feeding antennas, or wasting power by introduc 
ing loss by the use, for example, of small wires, thus pro 
ducing a proper match, but only at the expense of the 
production of dissipated, rather than radiated, power in 
a substantial portion of the resistive impedance of the 
antenna. 

En work by Li and Beam, reported in the Proceedings 
of the National Electronic Conference, 1957, there are 
described helical antennas in which there is employed 
a folded structure wherein the fed conductor is accom 
panied by a corresponding grounded conductor in a man 
ner analogous to the use of a grounded conductor in 
folded quarter-wave straight-conductor antennas. How 
ever, as is shown by Li and Beam, in the case of the 
helical antenna element, the short which interconnects 
the fed and grounded elements is not desirably placed at 
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2 
the extreme outer ends of the conductors, as in the case 
of the corresponding straight-conductor antenna. The 
input impedance of a folded antenna may be analyzed on 
the basis of two separate components acting in parallel, 
these components being the impedance due to currents 
in the conductors which are in phase, called the radiation 
component, and the impedance due to cirrents in the con 
ductors which are in phase opposition, called the trans 
mission line component, i.e., the impedance it would 
present if no radiation were occurring. Although it is 
impossible to measure these two quantities or compo 
nents of input impedance separately, or even to make 
highly accurate theoretical calculations of the magnitudes 
of the components, the knowledge of their existence leads 
to a qualitative understanding of the action of such an 
tennas which makes possible the performance of experi 
ments leading to radical improvement in size and per 
formance characteristics of such antennas. 

In folded quarter-wave antennas employing straight 
conductors, a short between the conductors at their outer 
end is required in order to prevent the transmission line 
component of the input impedance from constituting a 
short at the input, since in the absence of Such a short, 
the input impedance of the antenna would constitute es 
sentially that of an open quarter-wave line, or a virtual 
short circuit in parallel with the radiation resistance. 
The short at the outer end, however, gives the transmis 
sion line component of the input impedance such a high 
value that the transmission line component is negligible 
in determining the input impedance of the antenna. As 
applied to helical antennas, the use of such a short at 
the end is extremely undesirable commercially, because 
of the attendant difficulty of tuning the antenna to a de 
sired frequency. In general, it is highly desirable that 
adjustment of the length of the antenna to correspond 
to the exact resonant frequency desired must be capable 
of being accomplished by the user, rather than the manu 
facturer, of the antenna. In the case of antennas emi 
ploying linear conductors, such adjustments may readily 
be made by provisions Such as telescoping of the con 
ductors, sliding connections, and other adjustments. In 
the case of helical conductors, however, length adjust 
ments may not be so simply effected where the presence 
of a shorting connection is required. In the single con 
ductor helical antennas previously mentioned, tuning to 
frequency is accomplished by cutting of the antenna to 
the desired length. However, where a folded antenna is 
to be employed, if it is so designed that it must employ 
a shorting element across the end similar to that em 
ployed with straight conductors, there is introduced the 
necessity of the user, after cutting to length, exposing 
the end portions of the conductors (which are normally 
covered with an insulating covering, in addition to pos 
Sessing an over-all jacket or protective covering for the 
entire antenna structure), and adding the short circuit 
required to preserve high impedance at the input. The 
impracticality of such a structure for commercial pur 
poses is further multiplied by the finding of Li and Beam 
that in the case of the folded helical antenna, the short 
is best placed at some point inward of the end of the an 
tenna, because of the fact that the velocity of propaga 
tion of the transmission line mode or component differs 
from the velocity of propagation of the radiation mode 
or component, so that a quarter-wave for the transmis 
Sion line mode is substantialiy shorter than a quarter 
wave for the radiation mode. Thus, complicated as it 
would be for a user to add a short at the outer end after 
cutting of the antenna to desired length, this complica 
ion becomes completely prohibitive when the short must 
be placed at a point substantially spaced from the outer 
end. 
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It is the principal object of the present invention to 

provide a folded helicai antenna structure which achieves 
high impedance characteristics without introducing com 
plexities in the operation of preparing the antenna for 
any desired exact frequency such as to render commer 
cial use and manufacture extremely difficult. This prin 
cipal object has, in the course of the research and de 
velopment which has culminated in the present invention, 
led to a number of subsidiary objects which are accom 
plished by the present invention. 
A first improvement over prior structures flows from 

the finding by the present inventor that the importance 
of the presence and the placement of the shorting con 
ductor can be greatly reduced by raising the characteristic 
impedance of the structure when regarded as a trans 
mission line. Since the input impedance to a transmis 
Sion line at any frequency is, for any given length of 
line, proportional to its characteristic impedance, the rais 
ing of the characteristic impedance diminishes the impor 
tance of the presence and exact location of the shorting 
bar in achieving the ultimate object of making the im 
pedance of the transmission line component so high as 
to make its shunting effect negligible as compared with 
the radiation resistance. In accordance with the present 
invention, a number of structural features have been 
found advantageous for this purpose. 
The present invention uses, as did the prior devices, a 

pair of conductors helically wound about a common axis, 
the conductors being parallel throughout their length. 
However, in the prior art there was employed a struc 
ture wherein the two conductors are closely adjacent 
throughout their length, as in a bifilar winding, all corre 
sponding portions of the two conductors being closely 
adjacent in position as regards angular relation on the 
circular cross-section of the helix. In the present in 
vention, all corresponding longitudinal portions of the 
members of the pair of conductors are displaced by an 
arc of at least 90 with respect to the axis of the helix, 
the arc of displacement preferably being 180° so that 
all corresponding portions lie diametrically opposite each 
other at any point. The lower ends of the two con 
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and the spacing of the conductors must remain small 
compared to the wavelength of the highest desired fre 
quency of operation. 
As previously indicated, in the heiical antenna experi 

ments heretofore performed, it was found that the dif 
ference in the velocity of propagation for the two modes 
was sufficiently high to make the desired location of 
the shorting conductor used to produce high impedance 
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of the transmission line mode substantially further from 
the outer-end of the element than is the case where 
straight conductors are used for the folded antenna. This 
property has been utilized in the present invention to 
produce a folded helical antenna in which the shorting 
bar may be eliminated altogether, by proper selection of 
the variables to produce a condition wherein the axial 
velocity of propagation for the transmission line mode 
is approximately one-half the axial velocity of propaga 
tion for the radiation mode, so that the length of the 
structure at resonance is effectively a half-wavelength for 
the transmission line mode when it is effectively a quar 
ter-wavelength for the radiation mode, thus producing 
a condition wherein the frequency of resonance for the 
radiation mode, i.e., the frequency at which the element 
is effectively one-quarter wavelength long, corresponds to 
a condition wherein the transmission line mode appears 
at the input as a half-wave open line, thus making the 
presence of a shorting conductor at the quarter-wave 
point of the transmission line mode unnecessary. 
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ductors are displaced by a substantial arc, preferably at 
least 90, and this arc of separation is preserved through 
out the length of both conductors (and the axial length 
of the helix) by the parallel relation of the conductors. 
The characteristic impedance of the transmission line 
component is further increased by appropriate selection 
of the pitch angle of the helix. It is found that the 
optimum pitch angle varies somewhat with the angular 
spacing between the conductors. Where the conductors 
are displaced by 180°, the optimum pitch angle is ap 
proximately 45, thus creating a condition where the 
corresponding longitudinal portions of the conductors are 
essentially perpendicular to each other at any place along 
the axis of the helix. However, both because of the 
improvements mentioned above, and others to be de 
scribed below, it is found unnecessary to employ the 
optimum pitch angle to obtain highly satisfactory re 
Sults; it will of course be understood that the objective 
of shortening the length of the antenna element required 
to produce resonance makes it desirable to employ the 
minimum pitch angle which can be employed without 
bringing the over-all input impedance value down to the 
point where there is excessive mis-match with the ex 
citing transmission line. It is found that displacement 
of the corresponding portions of the conductors by an 
angle of at least 90 produces satisfactory results with 
helical windings of pitch between 5° and 60°. It will 
of course be understood that the helix diameter is im 
portant in determining the characteristic impedance of 
the transmission line mode with any given pitch and an 
gular spacing of the conductors, since conductor spacing 
will vary with helix diameter under these conditions. 
But it will readily be seen that the diameter of the helix 
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With the structure as thus described, there may readily 
be constructed in a simple fashion folded helical anten 
nas which can be tuned to desired frequency over a wide: 
range by the mere operation of cutting the antenna to 
length. Since the only requirement for satisfactory per 
formance is primarily merely to make the transmission 
line impedance component high compared to the radia 
tion resistance, exact achievement of complete optimum 
conditions is not necessary. The combination of raising 
of the characteristic impedance of the transmission line 
mode with the selection of parameters giving a ratio of 
velocities of propagation in the neighborhood of 2 to 1 
makes the transmission line mode impedance Sufficiently 
high so that variation of either or both of these factors 
considerably away from optimum will still produce a 
transmission line input impedance which does not shunt 
the radiation mode impedance beyond acceptable limits. 

From the discussion above of the manner in which the 
objects of the invention have been attained, persons 
skilled in the art will readily recognize that acceptable 
performance in accordance with the teachings of the in 
vention may be obtained with a wide variety of selection 
of the variables involved, the general manner of selection 
of such variables as diameter, pitch, and arcuate spacing 
being roughly suggested by the theory of the present man 
ner of achievement of the objects generally described 
above, when coupled with the skill of the art regarding 
the general theory and characteristics of two-conductor 
transmission lines and radiating elements, and the effect 
of the variables involved upon characteristics such as the 
characteristic impedance and axial velocity of propaga 
tion. Although the theory has not, in the present state 
of the art, become sufficiently advanced so that it would 
be possible to compute accurately the optimum selection 
of variables, the theory of operation is adequately de 
scribed by the general principles discussed above to per 
mit the design of many antennas by simple experimenta 
tion. Accordingly, the teachings of the invention may 
readily be applied by those skilled in the art from what 
has already been stated herein. However, in accordance 
with the requirements of the patent laws, there is illus 
trated in the annexed drawing, and described below, an 
embodiment of the invention, together with certain of its 
performance characteristics and results experimentally 
obtained. 
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In the drawing: 
FIGURE 1 is a view in side elevation of an antenna 

structure embodying the invention, with a more or less 
schematic representation of the manner in which the an 
tenna element is mounted on a ground plane such as an 
automobile top, shown in section; 
FIGURE 2 is a top plan view of the antenna of FIG 

URE 1: 
FIGURE 3 is a sectional view taken along the lines 

3-3 of FIGURE 1 in the direction indicated by arrows; 
FIGURE 4 is a fragmentary perspective view of a por 

tion of the structure of FIGURE 1; and 
FIGURE 5 is a fragmentary view illustrating a modi 

fied form of the invention. 
From the description of the invention contained above, 

persons skilled in the art will readily recognize that the 
device illustrated in FIGURE 1 is a simple and elemen 
tary form of the antenna of the invention. The device 
is mounted upon a metallic ground plane 0, such as the 
metalic top of a vehicle. The metallic ground plane i8 
is provided with a conventional coaxial receptacle 12 into 
which is threaded a coaxial plug 14 upon which the an 
tenna structure is mounted. The plug 14 has a flanged 
shell 16, constituting the grounded portion of the con 
nector, a center feed conductor 8, and an insulator 20 
supporting the center conductor in the shell 16 in con 
ventional fashion. The antenna structure is supported by 
insulating support posts 22 at the corners of the flanged 
shell 16. It will be understood that the support and elec 
trical connection means illustrated are selected for ease 
and convenience of illustration and description, since the 
support and connection means in themselves constitute no 
portion of the present invention, a large variety of support 
and connection means being employable with the antenna 
element of the invention. 
The antenna conductors are wound on a cylindrical 

tubular core 24 of a suitable insulating material such as 
resin-impregnated fiberglass. The conductors of the 
folded antenna comprise a fed conductor 26 having its 
lower end connected to the central feed conductor 18 and 
a ground conductor 28 having its lower end grounded to 
the shell 16. These two conducting wires extend through 
diametrically opposed apertures 30 and 32 in the lower 
end of the core 24 and are wound upon the outer surface 
of the core 24 in the manner generally described above, 
and now to be described in greater detail with regard to 
the particular embodiment selected for illustration and 
detailed description. 
As earlier stated, because of the factors mentioned, 

satisfactory operation can be obtained over a fairly wide 
range of values of the variables involved when the teach 
ings of the present invention are employed. In the en 
bodiment described, there was used a tubing of one-inch 
inside diameter and of a wall thickness resulting in a helix 
diameter of approximately 1.102 inches. The fed con 
ductor was of 25 mil diameter and the grounded con 
ductor of 50 mil diameter. The employment of a 
grounded conductor of larger diameter than the fed con 
ductor is, of course, employed to increase the radiation 
component of the impedance, and has only a second-order 
effect on the transmission line component. The pitch 
angle of the helix was approximately 16, thus producing 
a ratio of developed conductor length to axial length of 
slightly less than 4 to 1. This structure was tested at 3 
frequencies, 106 megacycles, 150 megacycles, and 212 
megacycles, experimentation with length being required 
to obtain resonance at each of the desired frequencies, 
since, as pointed out below, it is found that the resonant 
frequency is not exactly inversely proportional to the 
length. In addition, data was taken on the impedance 
characteristics demonstrated by the antenna over a range 
on each side of these resonant frequencies. Since the 
antenna was designed to match a 50 ohm feed cable, the 
factor of interest was the closeness of the match to the 50 
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6 
ohm impedance of the cable, and the data below regard 
ing the impedance at the input terminals is expressed in 
terms of the ratio of the measured impedances to the 50 
ohm impedance of the cable. 
Resonance at approximately 106 megacycles was ob 

tained with an axial length of 12% inches and a con 
ductor length of 45% inches. (Actual resonant fre 
quency in this case appears from Smith Chart plotting of 
the data to be given to be a few hundredths of a mega 
cycle below 106). The impedance data for frequencies 
in the neighborhood of 106 megacycles with the above 
length is as follows (negative and positive reactance 
values representing capacitive and inductive reactances, 
as is conventional): 

Frequency R/Zo XIZo 

100-------------------------------------------- 1. 48 -2.90 
102. .98 -1.82 
104 93 -.87 
06 .96 --. 03 
108 1.13 --.80 
110. - - - 1.27 --1.63 
112-------------------------------------------- 1.53 -2.65 

The structure was then cut to an over-all length of 
8% inches, being a conductor length of 29% inches. It 
was found that the antenna was resonant a few tenths of 
a megacycle below 150 megacycles, the data obtained 
being as follows: 

Frequency RIZo X/Zo 

144-------------------------------------------- 93 -.45 
.86 -.94 
.87 -. 44 
. 894 --.086 
.96 --.68 
1.0 --1.26 
1.31 --2.0 

The same structure was then cut to an axial length of 
54 inches, corresponding to a conductor length of 19/8 
inches, producing resonance at a frequency of almost 
exactly 212 megacycles. The data obtained with this 
cutting of the antenna is as follows: 

Frequency RIZo XIZo 

.98 -1.66 

.84 - 01. 
80 -.58 
80 --.006 
.84 --.38 
.9 --.78 
97 --1.06 

It will be seen that the antenna illustrated and described 
produces a highly satisfactory impedance match to the 
50 ohm line over an extremely wide range of frequencies 
by mere cutting of the antenna to length, and further, that 
at any given length of the antenna, the frequency band 
of proper operation and impedance characteristics is suffi 
ciently broad for all communications purposes normally 
required. The physical heights (axial lengths) are re 
spectively only .111, ..103 and .094 wavelength. 

Further embodiments of the invention, constructed to 
achieve a less perfect impedance match, but one still com 
mercially acceptable, resulted in a finding that considering 
a 2 to 1 standing wave ratio as commercially acceptable, 
antennas with equal conductor lengths may be built in 
accordance with the present teachings down to a physical 
height, or axial length, of approximately .06 wavelength. 
Such an embodiment was constructed using a helix of the 
Same diameter as that previously described with a 4 inch 
pitch, the fed conductor being 32 mils and the grounded 
conductor 103 mils. With this construction, resonance 
was obtained at 106 megacycles with an axial length of 7 
inches, corresponding to a developed conductor length of 
49 inches; resonance was obtained at 150 megacycles 
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with an axial length of 4%6 inches and a developed con 
ductor length of 31 inches, and resonance was obtained at 
212 megacycles with an axial length of 2.85 inches and a 
developed conductor length of 20 inches. Thus, with the 
present construction, an antenna having at resonance an 
impedance of approximately 25 ohms can be constructed 
with a physical length of only about .06 wavelength, re 
taining this impedance and satisfactory radiating charac 
teristics over a frequency range of 2 to 1. 
A variant on the folded antenna structure illustrated, 

employed for the purpose of still further raising of the 
input impedance, is the cutting of the fed conductor to a 
longer length than the grounded conductor. Such a con 
struction is shown in FIGURE 5, wherein the fed con 
ductor 26a is longer than the grounded conductor 28a. 
Data on this type of structure indicate that the resonance 
frequency of such a construction lies between the reso 
nance frequencies of structures with equal-length con 
ductors of the two respective lengths. 

Measurements of the latter type were made on the char 
acteristics of such antennas. 50 mill wire was used for 
both conductors. The pitch employed was such as to 
produce 1 inch of axial length for each turn of the helix. 
With 9 turns of fed conductor and 8 turns of grounded 
-conductor, resonance was obtained at slightly more than 
145 megacycles, the impedance at resonance being 85 
ohms. When the fed conductor was reduced to 8% turns, 
leaving the grounded conductor unchanged, resonance 
was obtained at approximately 151 megacycles with an 
impedance at resonance of 65 ohms. When the fed con 
ductor was further reduced to 8 turns, thus producing an 
antenna Substantially the same as those originally de 
scribed, the resonant frequency was slightly above 155 
megacycles, the impedance being 45 ohms. With equal 
conductors, fed and grounded, resonance at 150 mega 
icycles was reached with 8.3 turns on each, the impedance 
being very slightly above 50 ohms. This structure was 
then altered to produce the same resonant frequency of 
150 megacycles with a grounded conductor of 7.2 turns 
and a fed conductor of 8.8 turns. The impedance of this 
Structure at resonance was approximately 135 ohms. 
As previously seen, a highly satisfactory impedance 

-match can be obtained in accordance with the present 
invention, when matching a 50 ohm line, by using equal 
conductor lengths. For certain purposes, where higher 
impedance is desired, or where the antenna impedance 
Would otherwise be too low, it may be raised by slightly 
elongating the fed conductor, as indicated above. Where 
high impedance is desired in an antenna structure cut off 
for tuning by the user, such relative elongation may 
readily be produced by making the cut-off along a line 
angularly related to the axis, rather than perpendicular 
to the axis. Best results are achieved with the longer 
conductor between 5 percent and 20 percent longer than 
the shorter conductor. 
The antenna structure of the invention has been dis 

cussed herein throughout in connection with the type of 
antenna which is effectively of one-quarter wavelength, 
employing a ground plane. But the use of the folded 
helical structure described herein as an element in other 
types of antennas, such as dipoles, etc., will be obvious to 
those skilled in the art. Also, the dimensions and other 
parameters hereil given as examples are Suited for the 
particular frequencies stated, and adaptation of the an 
tennas presently disclosed to other frequencies will readily 
be made by such persons. Likewise, although the inven 
tion has been discussed in connection with transmitters, 
its application to receiving antennas will be obvious. 
Accordingly, the scope of the invention should not be 
deemed to be limited by the particular embodiments 
herein described in detail, but shall be determined only 
from the appended claims. 
What is claimed is: 
1. An antenna having as a radiating element thereof 
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8 
a pair of conductors helically wound on the same diameter 
about a common axis in the same direction of winding, the 
conductors being parallel and having corresponding por 
tions thereof displaced by an arc of at least 90° with 
respect to the axis, the pitch of the helical windings being 
between 5 and 60, and one of the conductors being 
of larger diameter than the other conductor, the radiating 
element having an overall length substantially less than 
a quarter wavelength and being at quarter-wave resonance 
at its frequency of operation. 

2. An antenna having as a radiating element thereof 
a pair of conductors helically wound on the same diam 
eter about a common axis in the same direction of wind 
ing, the conductors being parallel and having correspond 
ing portions thereof displaced by an arc of at least 90 
with respect to the axis, the pitch of the helical windings 
being between 5 and 60, the radiating element having 
an overall length substantially less than a quarter wave 
length and being at quarter-wave resonance at its fre 
quency of operation. 

3. The antenna of claim 2 wherein the conductors are 
of equal length. 

4. The antenna of claim 2 wherein one conductor is 
of extended length. 

5. An antenna having as a radiating element thereof 
a pair of conductors helically wound on the same diam 
eter about a common axis in the same direction of wind 
ing, the conductors being parallel throughout their length 
but having corresponding portions thereof on diametrical 
ly opposite sides of the axis, the radiating element having 
an overall length substantially less than a quarter wave 
length and being at quarter-wave resonance at its fre 
quency of operation. 

6. An antenna having as a radiating element thereof 
a pair of conductors helically wound on the same diam 
eter about a common axis in the same direction of wind 
ing, the axial velocity of propagation for the transmis 
Sion line component of input impedance thereof being 
approximately half the axial velocity of propagation for 
the radiation component of input impedance, the radiat 
ing element having an averall length substantially less 
than a quarter-wavelength and being at quarter-wave 
resonance at its frequency of operation. 

7. An antenna having as a radiating element thereof 
a pair of conductors helically wound on the same diam 
eter about a common axis in the same direction of wind 
ing, one conductor being substantially longer than the 
other conductor, the radiating element having an overall 
length substantially less than a quarter wavelength and 
being at quarter-wave resonance at the frequency of 
operation. 

8. The antenna of claim, 7 wherein the shorter con 
ductor is grounded. 

9. The antenna of claim 7 wherein the longer conduc 
tor is between 5 percent and 20 percent longer than the 
shorter conductor. 

10. An antenna having a radiating element comprising 
a pair of conductors helically wound on the same diam 
eter about a common axis in the same direction of wind 
ing with substantially the same pitch but displaced by 
an arc of at least 90, and means at one end of the an 
tenna to connect the respective conductors of a trans 
mission line to the antenna conductors, the radiating 
element having an overall length substantially less than 
a quarter wavelength and being at quarter-wave resonance 
at the frequency of operation. 

11. The antenna of clami 10 wherein the conductors 
are mutually insulated along their entire lengths. 

12. The antenna of claim 10 wherein the arc of dis 
placement is substantially 180°. 

13. The antenna of claim 10 wherein the pitch is ap 
proximately 45. 

14. The antenna of claim 10 having means defining a 
ground Surface at said end, 
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15. The antenna of claim 14 wherein one conductor 
extends beyond the other, the shorter conductor being grounded. 

16. The antenna of claim 14 wherein the conductors 
are of different diameter, the larger being grounded. 
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