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2,418,246 

ANTENNASTRUCTURE 
Harold A. Wheeler, Great Neck, N. Y., assignor, 
by mesne assignments, to Hazeltine Research, 
Inc., Chicago, Ill., a corporation of Illinois 

Application January 4, 1944, Serial No. 516,914 

3 Claims. (Cl. 250-11) 1. 
This invention relates to an antenna structure 

for connection to a terminal circuit having a pre 
determined value of impedance at a predeter 
mined operating frequency, the antenna, struc 
ture being characterized by a substantially omni 
directive radiation pattern in the plane of its 
radiating conductors. 
There are several applications wherein an an 

tenna structure having an omnidirective radia 
tion pattern in a particular plane is especially 
desirable. For example, in the translation of 
television signals it is most desirable that the 
transmitting antenna, be designed for Omnidirec 
tivity in a horizontal plane. Also, in radio-rang 
ing and direction-finding apparatus utilizing a 
parabolic-cylindrical reflector to cause an an 
tenna system to have a predetermined fan 
shaped characteristic polarized in a plane nor 
mal to the focal axis of the reflector, optimum 
reflector efficiency is obtained if the antenna. 
structure, per se, has an omnidirective radiation 
pattern in the plane of polarization. In such 
applications the antenna, structure is usually re 
mote from the signal-translating apparatus, 
being coupled therewith by means of an antenna, 
feeder cable, Such as a coaxial transmission line. 
It is well understood that a given coaxial trans 
mission line has a predetermined characteristic 
impedance at a particular operating frequency 
and, consequently, for maximum power transfer 
it is necessary that the antenna structure in the 
above-mentioned applications present a COrre 
sponding terminal impedance at the same fre 
quency. 
Antenna structures of the type under consider 

ation, characterized by an omnidirective radia 

ing apparatus. 
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tion pattern in a horizontal plane, have already 
been proposed. One prior art arrangement com 
prises a pair of radiating conductors having an 
effective electrical length of substantially one 
half wave length of a predetermined operating 
frequency, the conductors being bent at right 
angles at their midpoints. The resultant - 
shaped conductors are arranged in a horizontal 
plane With One arm of each conductor connected 
to One side of a transmission line, which couples 
the antenna structure directly to a signal-trans 
lating apparatus. The portions of the two con 
ductors which are connected to the transmission 
line are arranged along a common axis in the 
horizontal plane. While the described antenna 
structure is designed for omnidirective radiation 
in a horizontal plane, from a practical stand 
point it is an undesirable arrangement. This is 
because the radiating conductors, which have an 
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effective electrical length of one-half wave length 
at the operating frequency of the antenna, pre 
sent a terminal impedance very much greater than 
the characteristic impedance of a transmission 
line that would be conventionally used to couple 
Such an antenna structure to a signal-translat 

For this reason, the mismatched 
impedances render the arrangement effectively 
inoperable. 
In other prior art arrangements, used particu 

larly in radio-ranging and direction-finding ap 
paratus, a dipole antenna is positioned at the 
focal axis of a parabolic-cylindrical reflector with 
the plane of the antenna normal to the focal axis 
of the reflector so that the antenna system is 
caused to have a fan-shaped directive pattern, 
polarized in the plane of the antenna. Such ar 
rangements provide normal directive gain if the 
reflector is shallow, that is, so long as the depth 
thereof does not substantially exceed its focal 
distance. However, if a deep reflector is used, a 
directive gain proportional to the increased size 
of the reflector is not obtained. This is due to 
the directive characteristics of the dipole an 
tenna. In the first place, such an antenna has 
Substantially no radiation from its ends so that 
the portions of the reflector opposite the ends of 
the antenna are not utilized and thus effectively 
comprise dead spots. Also, certain rays of energy 
from the antenna have opposed polarities after 
reflection in a deep reflector and tend to cancel, 
thus further reducing the directive gain of the System, 

It is an object of the invention, therefore, to 
provide an improved Omnidirective antenna, 
structure which avoids the aforementioned limi 
tations of prior art arrangements. 

It is another object of the invention to provide 
an improved antenna structure for connection to 
a terminal circuit having a predetermined value 
of impedance at a predetermined operating fre 
quency and characterized by a substantially om 
nidirective radiation pattern in the plane of its 
radiating conductors. 

It is still another object of the invention to 
provide an improved antenna structure having 
a substantially omnidirective radiation pattern 
in the plane of its conductors and a maximum 
band width consistent with substantial omni directivity. 
In accordance with a feature of the invention, 

an antenna structure for connection to a terminal 
circuit having a predetermined value of imped 
ance at a predetermined operating frequency 
comprises a pair of similar coplanar radiating 
conductors. Each conductor has a J-shaped con 
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figuration and an effective electrical length of 
substantially one-half wave length at the afore 

The conductors: said predetermined frequency. 
are positioned in spaced-opposed relation with 
reference to a plane symmetry with an end of one 
adjacent to the corresponding end of the other 
and their relative dimensions are proportioned to 
cause the antenna structure to have a substan 
tially omnidirective radiation pattern in the: 
plane of its conductors. The conductors present 
between their adjacent endis a maximum imped 
ance much greater than the aforementioned pre 
determined value and an impedance-transform 
ing means is connected to the adjacent ends of 
the radiating conductors to transform the maxi 
mum impedance of the antenna structure at the 
adjacent ends to a terminal impedance substan 
tially equal to the aforementioned predetermined 
value. The system further includes a plane re 
flector disposed normal to the plane of the an 
tenna structure and proportioned to form virtual 
images of the radiating conductors so that the 
system effectively comprises a complete loop 
structure having a hemispherical directive char 
acteristic. 
In accordance with another feature of the in 

vention, an antenna structure comprises a pair of 
similar coplanar radiating conductors each . of 
which includes a section having an effective elec 
trical length of substantially one-half wave 
length at a predetermined operating frequency. 
The conductors are positioned with an end of 
one adjacent to the corresponding end of the 
other and are shaped and disposed in Such an 
image relation with reference to a plane of sym 
metry as to cause the antenna structure to have 
a substantially omnidirective radiation pattern in 
the plane of the conductors. Additionally, the 
conductors have a ratio of diameter to Wave 
length at the above-mentioned predetermined 
Operating frequency such that the antenna struc 
ture has maximum band width consistent with 
Substantial Omnidirectivity. 

For a better understanding of the present in 
vention, together with other and further objects 
thereof, reference is had to the following descrip 
tion taken in connection with the accompanying 
drawings, and its scope will be pointed out in 
the appended claims. 
In the drawings, Fig.1 is a perspective view of 

an antenna structure in accordance with an em 
bodiment of the invention; Fig. 1a is a frag 
mentary view of a portion of the antenna struc 
ture of Fig. 1; Fig. 2 illustrates the current dis 
tribution along the conductors of the antenna of 
Fig. 1: Figs. 3a to 3d, inclusive, comprise polar 
coordinate graphs illustrating the radiation char 
acteristics of the antenna structure of Fig. 1; 
Fig. 4 represents a modification of the invention; 
Fig. 5 is a graph showing the radiation charac 
teristics of the arrangement of Fig. 4; and Figs. 
6-9, inclusive, represent additional antenna sys 
tems in accordance with the invention, Referring now more particularly to Fig. 1, there 
is illustrated an antenna structure having a pre 
determined range of operating frequencies and 
designed for connection to a terminal circuit hav 
ing a predetermined value of impedance at the 
mean frequency of the range. This antenna 
structure comprises a pair of similar Coplanarra 
diating conductors each including a section hav 
ing an L-shaped configuration and each having 
an effective electrical length of substantially one 
half wave length at the mean operating frequen 
cy of the antenna structure. One such conductor 

4. 
consists of conductor sections 0 and f of brass 
tubing or other suitable material arranged to de 
fine an L-shaped structure and having an effec 
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tive electrical length of approximately one-half 
wave length at the mean operating frequency of 
the antenna. The other conductor comprises 
sections 2 and 3 having the same general ar 
rangement and effective electrical lengths as sec 
tions 0 and , respectively. Conductors fo, 
and 2, 3 are disposed within a common horizon 
tall plane in such an image relation with reference 
to a plane of Symmetry as to cause the antenna, 
structure to have an approximately omnidirec 
tive radiation pattern in the plane of its conduc 
tors. The above-mentioned plane of symmetry is 
normal to the plane of the antenna structure, in 
tersecting the latter as indicated by broken line 
X-Y. 

Considering now more particularly the ar 
range of Conductors 0, f and 2, 3 for the em 
bodiment represented in Fig. 1, it will be seen that 
sections 0 and 2 have a colinear relationship, 
while sections f l and 3 have a parallel relation 
ship and extend in the same direction in the plane 
of the antenna structure. In the remaining por 
tions of the specification and in the appended 
claims, this arrangement of the radiating con 
ductors is defined as a "spaced-opposed relation 
With reference to a plane of symmetry.' The rel 
ative proportioning of the sections of each radiat 
ing conductor required to provide an omnidirec 
tive radiation pattern in the plane of the antenna 
structure will be discussed more particularly here 
inafter. 
Due to the described effective electrical lengths 

of conductors 0, and 2, 3, the adjacent ends 
of Sections 0 and 2 present a very high imped 
ance which, in general, is found to be very much 
greater than the impedance of the terminal cir 
cuit to which the antenna is to be connected. This 
is especially true where the terminal circuit com 
prises a coaxial transmission line of the type con 
ventionally used to couple an antenna structure 
to a signal-translating apparatus since such 
transmission lines are essentially low-impedance 
circuits. To facilitate connecting the antenna 
Structure directly to such a terminal circuit with 
Substantial impedance matching throughout the 
Operating frequency range of the antenna and 
without requiring an intervening impedance 
transformation network, an impedance-inverting 
transmission-line section is included as part of 
the antenna structure. As illustrated, this im 
pedance-inverting section is provided by a pair 
of parallel conductors 4 and 5, also preferably 
of brass tubing, arranged in the plane of the ra 
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diating conductors and individually connected to 
the adjacent ends of conductor sections to and 
2. The dimensions of the impedance-inverting 
section are proportioned to transform the imped 
ance of the antenna structure at the above-men 
tioned adjacent ends to a terminal impedance at 
the mean operating frequency equal to the imped 
ance of the terminal circuit to which it is desired 
to couple the antenna. To this end, conductors 
4 and 5 are proportioned to have an effective 

electrical length of substantially one-quarter 
wave length at this mean operating frequency, a 
diameter corresponding to that of the radiating 
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conductors, and a spacing such that the im 
pedance-inverting transmission-line section has 
a characteristic impedance equal to v21ze, 
where Z1 is the impedance of the terminal cir 
cuit measured at the mean operating frequency 
of the antenna and 20 is the impedance at the 
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adjacent ends of conductor sections 0 and 2 at 
this frequency. In general, the spacing of the 
conductors 4 and 5 will be of the Order of one 
twentieth wave length at the mean operating 
frequency of the antenna. 
The radiating conductors and the conductors 

of the impedance-inverting section are main 
tained in coplanar relationship by means of a 
triangular-shaped aligning plate 6 apertured to 
receive conductors f4 and 5, the plate being po 
sitioned in close proximity to the adjacent ends 
of sections 0 and 2. Similarly, an aligning strip 

is suitably apertured and positioned near the 
free ends of conductors. , 3, 4, and 5, both 
elements 6 and f being formed of an insulat 
ing material such as a thermoplastic resin. The 
antenna, structure is mechanically supported 
upon an insulating backing plate 8. For this 
purpose, tapped plugs (not shown) may be se 
cured within the free ends of conductors 4 and 

O 
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20 
5 individually to receive mounting screws 9 
and 20 which pass through backing plate 8. 
Also, a supporting rod 2 is interposed between 
the backing plate 8 and aligning plate 6, this 
rod preferably being of insulating material. 
A junction or terminal box 25 is positioned on 

backing plate 8 on the opposite side thereof from 
the antenna Structure. Within the junction box 
there are a pair of terminals 26 and 2 (Fig. 1a) 
adapted, respectively, to receive the inner and 
Outer conductors of a coaxial transmission line. 
Terminals 26 and 27 are individually connected 
by means of conductive straps 28 and 29 to con 
ductors 5 and 4, respectively, of the impedance 
inverting section and thus provide means for 
connecting the terminal ends of the impedance 
inverting Section directly to a terminal circuit. 
Junction box 25 is apertured to receive a mast 
upon, which the described structure is to be Sup 
ported. The mast, a portion of which is indi 
cated at 30, preferably comprises a section of 
steel pipe through which a coaxial transmission 
line 3 may be inserted, thereby to couple the 
antenna, structure with a signal-translating cir 
cuit 32. Unit 32, shown in broken-line construc 
tion, forms no part of the present invention and 
may be the signal-translating circuit of a trans 
mitting or receiving apparatus. 
In considering the operation of the described 

antenna, structure, reference is made to Fig. 2 
which illustrates the current distribution along 
conductor sections 0-5 inclusive. The current 
varies along sections and 3 from Zero at their 
free ends to a maximum value at their junction 
With sections 0 and 2, and along the latter the 
current varies from this maximum value to a 
minimum at their adjacent ends. This current 
distribution results from the relative proportion 
ing of the conductor Sections mentioned which 
is such that the antenna, structure is caused to 
have (1) a substantially omnidirective radiation 
pattern in the plane of its conductors; (2) a 
wide-band resonance characteristic to permit 
efficient operation over a prescribed band of op 
erating frequencies; and (3) structural rigidity. 
In this connection, it can be demonstrated that 

the attenna structure described has an omni 
directive radiation characteristic if a standing 
wave of current is established on the conductors 
0, it and 2, 3. However, where, as in the 

present case, a traveling wave of current is pres 
ent on any of the conductor sections, the radia 
tion pattern tends to depart from this symmetri 
cal configuration. The departure from symme 
try varies inversely with the magnitude of the 
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6 
standing-wave ratio which, in turn, varies directly. 
with the ratio of reactance to resistance of the 
radiating conductors. For the particular antenna 
Structure under consideration, the radiation re 
sistance has a more or less fixed value and, thus, 
the standing-wave ratio may be determined by 
Selecting the radiating conductors with particu 
lar regard for, their reactance characteristics. 
For example, small diameter conductors present 
a relatively high value of reactance, causing the 
standing-wave ratio to have a correspondingly 
high value so that the radiation pattern ap 
proaches the desired Symmetrical configuration. 
On the other hand, large diameter, conductors 
have a relatively small value of reactance but 
are required for wide-band resonance charac 
teristics and for structural rigidity. Consequent 
ly, the relative dimensions, and especially the 
diameter of the conductor sections of each radi 
ating conductor, are chosen with a view to estab 
lishing a compromise between the above-men 
tioned characteristics. Specifically, the lengths 
of conductor sections and 3 are proportioned 
with reference to the lengths of sections to and 
2 so that the effective electrical length of sec 

tions and 3 is substantially equal to that of 
Sections 0 and 2. Also, the radiating conduc 
tors are selected to have a ratio of diameter to 
wave length at the mean operating frequency of 
the antenna, such that the antenna structure 
has maximum band width consistent with sub 
stantial Omnidirectivity of the radiation charac 
teristic. In practical embodiments of the inven 
tion, the conductors have a diameter of the order 
Of one one-hundredth wave length at the mean 
operating frequency of the antenna. 
In Fig. 3a full-line curve A represents the radi 

ation pattern in a horizontal plane of an antenna 
structure designed for precise omnidirectivity. 
Broken-line curve B of this figure represents the 
radiation pattern obtained from the antenna, 
structure of the invention when the radiating 
conductors are selected in the above-indicated 
manner to provide maximum band width consist 
ent with the desired radiation characteristic. It 
will be apparent that a substantially omnidirec 
tive radiation pattern Is obtained in a horizontal 
plane with horizontal polarization. Also, the an 
tenna structure, if constructed from the usual 
materials, has structural rigidity in addition to 
the required band-width characteristics. 
The radiation pattern in a vertical plane is 

represented by the curves of Figs. 3b and 3c, 
which are cross-sectional views of surfaces of 
revolution. Fig. 3b represents radiation from the 
colinear conductor sections to and 2 and its axis 
of revolution C-D is along the axis of those sec 
tions. The curve of Fig. 3c represents radiation 
from the parallel sections and 3 and its axis 
of revolution C-D is perpendicular to such sec 

The radiation from sections to and 2 is 
Supplemented by that from sections f and 3, 
thereby producing an approximately spherical 
radiation pattern, as represented by the curve of 
Fig. 3d which is a cross-sectional view of a sur 
face of revolution, having an axis C'-D' para 
lel to the colinear conductor sections 0 and 2. 
Thus, the described antenna structure has sub 
stantially uniform radiation properties in all di 
rections with horizontal polarization. In dis 
cussing the radiation characteristics, no refer 
ence has been made to the effect of conductors 
4 and 5 of the impedance-inverting section. 
The currents in these two conductors are out of 
phase with each other and, in view of the small 
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conductor spacing, they make on substantial Con 
tribution to the radiation characteristics of the 
arrangement. 
While the invention is not to be limited to any 

particular dimensions and electrical parameters, 
the following constants represent one specific em 
bodiment which has been found to be of par 
ticular utility: 

Length of conductor sections 
lf, 3, 4 and fS---------- 0.21 wave length 

: Distance between conductor 
sections and 3---------- 0.5 wave length 

Spacing of conductors 4 and 
------------------------ 0.045 wave length 

Conductor diameters--------- 0.011 wave length 
Impedance between adjacent 
ends of sections fo and 2--- Approximately 

1250 ohms 
Characteristic impedance of 
impedance-inverting section 
comprising conductors 4 
and 5-------------------- 250 ohms 

Terminal impedance of the an 
tenna structure ------------ 50 ohms 

Radiation resistance--------- Approximately 50 
ohms at the 
junctions of Sec 
tions (), and 
2, 3 

Characteristic impedance of 
the transmission line to be 
connected to antenna struc 
ture ---------------------- 50 ohms . 

(The wave length used in defining the dimen 
sions of the antenna structure is that correspond 
ing to the mean operating frequency.) 
The embodiment of the invention represented 

schematically in Fig. 4 comprises an antenna 
structure including a pair of antennas vertically 
spaced a distance equal to approximately one 
half wave length at the mean operating fre 
quency of the arrangement. Each antenna con 
sists of radiating conductors having the same 
general proportions and arrangement as the 
radiating conductors of the Fig. 1 embodiment, 
corresponding conductor sections of one antenna. 
having like reference numerals primed and cor 
responding elements of the other having like 
reference numerals double primed. The im 
pedance-inverting section included as a part of 
the antenna structure of Fig. 4 comprises a pair 
of parallel-conductors 35 and 36 connected to 

: the adjacent ends of each antenna. The dimen 
sions of the impedance-inverting sections are 
proportioned to transform the maximum im 
pedance at the adjacent ends of each antenna, 
to provide at the center of the impedance-invert 
ing section a terminal impedance having a value 
approximately equal to that of the terminal cir 
cuit to which the antenna structure is to be 
coupled. A coaxial transmission line 3' or any 
other terminal circuit may be connected in a 
conventional manner, to the terminals of the 
antenna structure which are indicated at t-t. 

. The operation of this modification of the in 
vention will be apparent from the description of 
the Fig. 1 embodiment except for the vertical 
radiation pattern. Due to the half wave length 
spacing of the individual antennas, the vertical 
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8 
36. This antenna arrangement is predominantly 
directive in a horizontal plane. 
In one embodiment of the Fig. 4 arrangement 

found to have particular utility, the antennas in 
dividually present a radiation resistance of ap 
proximately 100 ohms, conductors 35 and 36 of 
the impedance-inverting Section have. a spacing 
of 0.057 wave length and a diameter of 0.0055 
wave length, and a characteristic impedance of 
360 ohms. The resulting impedance at terminals 
t-t is 50 ohms, rendering the structure Suitable 
for connection to a 50-ohm coaxial transmission 
line. 

In Fig. 6 there is represented Schematically an 
antenna system in accordance with the invention 
including an antenna structure 40 and a plane 
reflector 4. The antenna structure consists of 
a pair of similar coplanar radiating conductors 
each having a J-shaped configuration and an 
effective electrical length of Substantially one 
half wave length at the Operating frequency of 
the antenna. One such conductor includes Sec 
tions 42, 43 and 44, while the other includes Sec 
tions 45, 46 and 47, sections 44 and 47 having a 
normal relationship to sections 43 and 46, respec 
tively, in order to clear the plane of reflector 4. 
The conductors are positioned in spaced-opposed 
relation with reference to a plane of Symmetry 
with one end of one conductor adjacent to the 
corresponding end of the other, as particularly 
described above in discussing the Conductor ar 
rangement illustrated in Fig. 1. Further, the 
conductors are proportioned in the manner Out 
lined above, to cause the antenna structure to 
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radiation is largely suppressed as represented by . 
the curve of Fig. 5 which is across-sectional view 
of a surface of revolution having an axis G-H. 
parallel to the impedance-inverting section 35 75 

have a substantially omnidirective radiation pat 
tern in the plane of its conductors. In determin 
ing the relative lengths of the sections of each 
radiating conductor to obtain Substantial Omni 
directivity, it must be noted that radiation from 
sections 44 and 4 opposes and tends to cancel 
that from sections 42 and 45, respectively. How 
ever, this is not serious since the integral of the 
current distribution along sections 44 and 47 is 
materially less than that along sections 42 and 45. 
In any event, the effect of sections 44 and 47 may 
be compensated by so selecting the lengths of the 
sections of each radiating conductor that the cur 
rent maxima Occur along Sections 42 and 45 
rather than at their junctions with sections 43 
and 46. 
The antenna structure also includes an im 

pedance-inverting transmission-line section pro 
vided by a pair of parallel conductors 48 and 49 
Coplanar with and connected to the adjacent 
ends of sections 42 and 45 and extending in the 
same direction as parallel sections 43 and 46. 
The dimensions of the impedance-inverting sec 
tion are proportioned to provide a predetermined 
impedance at the terminals of the antenna struc 
ture. 

Reflector 4 consists of a disc of highly con 
ductive material, such as copper, and is disposed 
normal to the plane of antenna structure 40, 
being positioned at the terminal end of im 
pedance-inverting section 48-49 and on the side 
of antenna structure 40 opposite to its above 
mentioned adjacent ends. Reflector 4 has a 
diameter of one to four times the wave length at 
the mean operating frequency of the antenna, 
system and is proportioned to form virtual images 
of the radiating conductors 42, 43, 44 and 45, 
46, 47 so that the antenna system effectively 
comprises a complete loop structure. Addition 
ally, the reflector serves as a ground plane for the 
antenna system and includes provisions for con 

y 
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necting a terminal circuit thereto. Specifically, 
conductor 48 of the impedance-inverting section 
is electrically and mechanically coupled with the 
reflector, as indicated by connection 4a, and the 
grounded conductor of a coaxial transmission 
line 3' is likewise connected to the reflector, 
as represented. An aperture b is provided at 
the center of the reflector and the inner or cen 
tral conductor of coaxial line 3 '? projects there 
through for connection with conductor 49 of the 
impedance-inverting section. Suitable means 
(not shown) are provided for insulating the inner 
conductor of transmission line 3' from the 
reflector. 

Neglecting for a moment the effect of reflector 
4, antenna structure 40 will be seen to have a 
substantially omnidirective radiation pattern 
throughout a sphere. The reflector , by re 
versing the direction of propagation of signal en 
ergy incident thereon, causes the antenna System 
to have a hemispherical radiation pattern with 
horizontal polarization. 
In one embodiment of this arrangement the 

conductor sections have the following dimensions: 
Length of conductor sections 42 
and 5-------------------- 0.24 wave length 

Length of conductor sections 43 
and 6-------------------- 0.11 wave length 

Length of conductor sections 44 
and 4-------------------- 0.13 wavelength 

Length of conductors 48 and 
9------------------------- 0.26 Wave length 

Spacing of conductors 48 and 
9----------- ----------- 0.053 wavelength 

Diameter of all conductor sec 
tions --------------i-------- 0.011 wavelength 
(The wave length referred to is at the mean 

operating frequency of the antenna system.) 
In Fig. 7 there is represented a plan view of 

another directional antenna system in accord 
ance with the invention. This system includes 
an antenna structure 50 preferably having the 
same general construction and arrangement as 
that of Fig. 4, although a structure of the type 
shown in Fig. 1 or an array of such structures 
may be used if desired. The antenna System also 
includes a reflector 5 having the form of a para 
bolic cylinder. The focal axis of the reflector 
which has a point projection in the plane of illus 
tration is represented at F. , The reflector has a 
focal distance J which is large with reference 
to the overal dimensions of antenna structure 
50 and, preferably, is equal to an integral multiple 
of half wave lengths at the mean Operating fre- : 
quency of the system. Reflector 5 is a deep re 
flector having a depth, indicated by dimension 
line K, which is substantially greater than its 
focal distance J. Further, the reflector is dis 
posed with the focal axis thereof normal to the 
plane of antenna structure 50 and is So positioned 
that antenna structure 50 is located Substantially 
at its focal axis F. The described system has a 
fan-shaped radiation pattern, determined by the 
dimensions of reflector 5, polarized in a plane 
normal to the focal axis of the reflector. For the 
particular embodiment represented, the polariza 
tion is horizontal and, due to the omnidirectional 
radiation characteristics of antenna structure 50 
in a horizontal plane, a maximum directive gain 
is obtained. 
A further directive antenna system is repre 

sented in plan view in Fig. 8 comprising an an 
tenna structure 60 having a plane reflector 6 
positioned on one side thereof, proportioned and 
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arranged as described in connection with the em 
bodiment of Fig. 6. The system also includes a 
parabolic-cylindrical reflector 62 positioned on 
the opposite side of antenna structure 60 and 
having the same general construction and ar 
rangement as reflector 5 in the embodiment of 
Fig. 7. However, reflector 62 is shallow having 
a depth L. equal to its focal distance. This an 
tenna system is also characterized by a hori 
Zontally polarized, fan-shaped radiation pattern 
and has a maximum directive gain due to the 
hemispherical radiation pattern of antenna struc 
ture 60 caused by plane reflector 6. 
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While in each of the described antenna struc 
tures the radiating conductors include a section 
having an L-shaped configuration, it is to be un 
derstood that this is not a necessary limitation of 
the invention. If desired, the radiating conduc 
tors may have a curvilinear configuration, as illus 
trated in Fig. 9. In this embodiment of the in 
vention the radiating conductors To and have 
an effective electrical length of Substantially one 
half wave length at the operating frequency of 
the antenna, and are positioned with an end of 
One conductor adjacent to the corresponding end 
of the other. Further, the conductors are shaped 
and disposed in such an image relation with ref 
erence to a plane of symmetry as to cause the 
antenna structure to have a Substantially omni 
directive radiation pattern in the plane of the 
conductors. In this connection, it will be appar 
ent that conductors O and 7 f have predetermined 
projected lengths along a pair of mutually per 
pendicular axes O-P and O'-P' in the plane 
of the conductors. The dimensions of the con 
ductors should be proportioned to provide a cur 
rent distribution such that the integral of the 
current distribution along the projected lengths 
of the conductors on One axis is equal to the in 
tegral of the current distribution along the pro 
jected lengths of the conductors on the other 
axis. This general criterion may be utilized in 
constructing any antenna structure in accord 
ance with the invention, wherein the radiating 
conductors may have any of a wide variety of 
forms. m 

An impedance-inverting transmission-line sec 
tion comprising a pair of conductors, such as 72 
and 73, connected to the adjacent ends of the 
radiating conductors is included as part of the 
antenna structure in any case and proportioned 
to provide a predetermined terminal impedance 
for the structure in the manner described above. 
While the impedance-inverting section of each 
arrangement has been described as a pair of par 
allel conductors, it will be understood that other 
structural arrangements may be employed. . For 
example, a tapered impedance-matching trans 
mission line may be utilized. Furthermore, the 
impedance-inverting section need not necessarily 
be proportioned to provide an exact impedance 
match between the antenna structure and the 
terminal circuit to which it is to be connected, 
although this condition is required for maximum 
power transfer. In practical embodiments of the 
invention a certain latitude is permissible, being 
limited by that amount of mismatch between the 
antenna structure and its terminal circuit which 
results in a loss of energy due to the mismatch 
in excess of the tolerable loss. Accordingly, the 
definition "the dimensions of the impedance-in 
Verting section being proportioned to transform 
the impedance of the antenna structure to a ter 
minal impedance Substantially equal to that of the 
terminal circuit,' as used in the specification and 
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appended claims, is intended to include not only 
the condition of exact impedance matching but 
also the conditions of mismatching within the 
limits given above. 

. . For convenience of illustration, the aligning 
members and terminal box have been omitted 
from all figures of the drawings except Fig. 1. 
However, it will be understood that these elements 
will be provided in preferred embodiments of the 
invention. . 
While there have been described what are at 

present Considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and scope of the invention. 
What is claimed is: - 
1. In an antenna system, an antenna structure 

for connection to a terminal circuit having a pre 
determined value of impedance at a predeter 
mined operating frequency comprising, a pair of 
similar coplanar radiating conductors each hav 
ing a J-shaped configuration and an effective 
electrical length of substantially one-half wave 
length at said frequency, said conductors being 
positioned in spaced-opposed relation with refer 
ence to a plane of symmetry with one end of one 
conductor adjacent to the corresponding end of 
the other and the relative dimensions of said con 
ductors being proportioned to cause the antenna 
structure to have a substantially omnidirective 
radiation pattern in the plane of said conductors, 
Said conductors presenting between said adjacent 
ends a maximum impedance much greater than 
Said predetermined value, an impedance-trans 
forming means connected to said adjacent ends 
for transforming said maximum impedance to said 
antenna structure at said adjacent ends to a 
terminal impedance at the other end of said 
transforming means equal to said predetermined 
value, and a plane reflector disposed normal to 
the plane of said antenna structure and propor 
tioned to form virtual images of said radiating 
conductors so that said antenna system effective 
ly comprises a complete loop structure having a 
hemispherical directive characteristic. 

2. In an antenna system, an antenna struc- . 
ture for connection to a terminal circuit having 
a predetermined value of impedance at a prede 
termined Operating frequency comprising, a pair 
of similar coplanar radiating conductors. each 
having a J-shaped configuration and an effective 
electrical length of substantially one-half wave 
length at said frequency, said conductors being 
positioned in spaced-opposed relation with ref 
erence to a plane of symmetry with one end of 
one conductor adjacent to the corresponding end 
of the other and the relative dimensions of Said 
conductors being proportioned to cause the an 
tenna structure to have a substantially omni 
directive radiation pattern in the plane of said 
conductors, said conductors presenting between 
said adjacent ends a maximum impedance much 
greater than said predetermined value, an im 
pedance-inverting transmission-line section in 
cluded as a part of said antenna structure com 
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prising a pair of parallel conductors connected 
at one end to said adjacent ends of said radiat 
ing conductors, having a diameter and length 
approximately equal to that of the longest ele 
ment of said radiating conductors and a spacing 
selected to transform said maximum impedance 
of said antenna structure at said adjacent ends 
to a terminal impedance at the other end of said 
section substantially equal to said predetermined 
value, and a plane reflector disposed normal to 
the plane of Said antenna structure and propor 
tioned to form virtual images of said radiating 
conductors so that said antenna system effectively 
comprises a complete loop structure having a 
hemispherical directive characteristic. 

3. In an antenna, System, an antenna, structure 
for connection to a terminal circuit having a pre 
determined value of impedance at a predeter 
mined operating frequency comprising, a pair of 
similar coplanar radiating conductors each hav 
ing a J-shaped configuration and an effective 
electrical length of substantially one-half Wave 
length at said frequency, said conductors being 
positioned in spaced-opposed relation with ref 
erence to a plane of symmetry with one end of 
one conductor adjacent to the corresponding end 
of the other and the relative dimensions of Said 
conductors being proportioned to cause the an 
tenna structure to have a substantially omnidi 
rective radiation pattern in the plane of Said 
conductors, said conductors presenting between 
said adjacent ends a maximum impedance much 
greater than said predetermined value, an in 
pedance-inverting transmission-line Section in 
cluded as a part of said antenna, structure Con 
prising a pair of conductors connected to said 
adjacent ends and disposed in the plane of said 
radiating conductors in parallel relation with 
and extending in the same direction as one ele 
ment of each of said J-shaped sections, the di 
mensions of said impedance-inverting section be 
ing proportioned to transform said maximum in 
pedance of said antenna structure at said adja 
cent ends to a terminal impedance Substantially 
equal to said predetermined value, and a plane 
reflector disposed normal to the plane of Said 
antenna structure adjacent to the terminal end 
of said impedance-inverting section, said reflec 
tor including provisions for connecting said ter 
minal circuit to said antenna structure and be 
ing proportioned to form virtual images of Said 
radiating conductors so that said antenna Sys 
tem effectively comprises a complete loop struc 
ture having a hemispherical directive character 
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