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OPOLE ANTENNA 

Oakley McDonald Woodward, Jr., Princeton, N.J., 
assignor to Radio Corporation of America, a 
corporation of Delaware 

Application December 29, 1948, Serial No. 67,826 
(C. 250-33) 8 Claims. 

The invention relates to antennas and partic 
ularly pertains to improvements in dipole ele 
ments of an antenna, array. 
An object of the invention is to provide a sim 

ple antenna, for radiation and/or reception of 
Signals over a wide frequency range in a single 
direction, or from opposite directions. 
A more specific object of the invention is to 

provide a Simple antenna for receiving television 
or frequency modulated signals in the presently 
allotted bands lying between 54 and 216 mc./S. 
from a single direction, or from opposite direc 
tions. 
Another object of the invention is to provide a 

dipole antenna, having a figure-eight character 
istic field pattern over a wide range of frequen 
CleS. 
A further object of the invention is to provide 

a dipole antenna, element having a substantially 
uniform response over a wide range of frequen 
CleS. 

Still another object of the invention is to pro 
vide dipole elements presenting a substantially 
constant standing wave ratio over a wide range 
of frequencies. 
A still further object of the invention is to pro 

vide an antenna, useful over a wide frequency 
range and having a field pattern independent 
of the frequency at which it is employed. 

Still another and further object of the inven 
tion is to provide an antenna in accordance with 
the above objects and which does not require any 
adjustment in use. 
These and further objects which will appear as 

the specification progresses are achieved by means 
of a simple dipole element having arranged there 
on modifying elements as hereinafter described. 
The invention will be described with reference 

to the accompanying drawing forming a part of 
the specification and in which: 

Fig. 1 shows a dipole antenna element known 
to the art; 

Fig. 2 is a graphical representation of the field 
patterns of the dipole shown in Fig. 1; 

Fig. 3 shows an embodiment of a dipole an 
tenna according to the invention; 

Fig. 4 shows a dipole antenna element accord 
ing to the preferred embodiment of the inven 
tion; 

Fig. 5 shows details of a dipole modifying ele 
ment according to the invention; 

Figs. 6, 7, and 8 are graphical representa 
tions of the field patterns of the preferred ar 
rangement shown in Fig. 5; and 

Fig. 9 is a graphical representation of the 
power gain of an antenna according to the in 
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vention compared to that of a perfectly matched 
dipole. 

Referring to Fig. 1, there is shown a well known 
simple dipole antenna, element comprising coln 
linear conductors 2, 4 arranged to be a half 
Wave long at the desired frequency and having 
means to connect a transmission line 6 to the 
adjacent ends. 
AS is also Well knoWn, an antenna element. Of 

the type shown in Fig. 1 has a figure-eight field 
pattern in a plane passing through the conduc 
tors as shown at a in Fig. 2. For a dipole ele 
ment electrically a half-Wave long at 65 m.c./s. 
the field pattern will appear as shown by line 
2f When the element is operated at an actual fre 
quency of 55 m.c./S., and if the actual operating 
frequency is 88 m.c./s., the field pattern will be 
as shown by broken-line 22. 
Thus far it is obvious that the ordinary dipole 

element may be used Successfully over a nar 
row frequency range with satisfactory results. 
If, however, operation at frequencies far remote 
from the frequency at which the dipole is resonant 
is attempted, quite different results will be ob 
tained. If the Operating frequency is far below 
the resonant frequency of the dipole, insufficient 
pickup or radiation will be effected because it is 
practically impossible to match the simple dipole 
to any practical transmission System or trans 
ducer. If the antenna is operated at frequencies 
higher than the resonant frequency, the element 
becomes a larger multiple of fractions of the 
wavelength than at the resonant frequency, which 
results in field patterns having a more complex 
lobing, Specific examples of which are shown at 
b in Fig. 2. For instance, if the 65 m.c./s, ele 
ment is operated at 195 m.c./s., each conductor 
2, 4 becomes three-quarters of the Wavelength 
and the field pattern will have a lobe pattern 
on both sides of the antenna, as shown by line 
26 (one side only being shown for clarity). At 
175 m.c./s. the pattern will be that shown by 
line 25 (again one side only being shown), and 
at 215 m.c./s. the pattern will be that of the 
lemniscate indicated by broken line 27 (the com 
plete pattern being shown). 
While there may be receiving locations at Which 

a compromise antenna, installation can be made 
to provide Suitable radiation or reception at cer 
tain desired frequencies in the desired directions, 
it is often necessary, in fringe area receiving 
locations, for instance, where all of the trans 
mitters are located in more or less the same di 
rection with respect to the receiver, that the 
directivity of the field pattern be substantially 
constant regardless of the frequency used, else 
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a complex and costly rotatable antenna, arrange 
ment will be required in order to obtain Satis 
factory resultS. 
According to the invention, the desired bi-direc 

tional characteristic is obtained by altering the 
current distribution along the dipole conductors. 
One manner by which this may be accomplished 
is shown in Fig. 3, wherein at a radiator or re 
ceptor conductors 2 and 4 have conductive 
sleeves 32 arranged thereon by means of con 
ductive disc members 34 to interpose Series re 
actance in the dipole elementS. 
have shown this type of antenna to be still rather 
narrow banded due partially to the low charac 
teristic impedance of practical coaxial sleeve 
elements. Higher characteristic impedances and 
correspondingly increased band widths are ob 
tained by replacing the sleeves 32 with Open wire 
radiating or receiving 'hairpin loops' 36 or 37 
illustrated at b and c. 
Improved results are obtained, however, With 

the arrangement shown in Fig. 4 wherein con 
ductors 2 and 4 have additional radiator or re 
ceptor conductors 42 arranged thereon at an 
angle. Details of one practical manner in which 
these additional elements 42 may be added to 
conductors 2, 4 are given in Fig. 5 wherein 
there is provided a collar member 5f having an 
aperture 52 therein of diameter to fit the di 
pole element to be modified 2, upon which after 
adjustment for optimum results, it is rigidly fas 
tened in place by any known means, shown here 
as setscrew 53. Spokes 54, corresponding to ele 
ment 42 of Fig. 4, are set into collar 5? at the 
desired angle, which angle Will usually be found 
to be about 45°. Obviously other fastening ar 
rangements such as split collars, etc., can be used 
with equal success. While the embodiments 
shown in Fig. 3 have non-radiating elements 32, 
36, and 37 (36 and 37 progressively permitting 
more radiation), the added elements shown in 
Figs. 4 and 5 should be considered as part of the 
radiating or receiving System. 
The addition of element 42 or 54 at most any 

point along conductors 2, 4 will effect improve 
ment of the operation of the dipole element, but 
optimum results were found to be obtained if 
the center of area of the V thus formed is located 
somewhere near the midpoint of the conductors 
12, f4 and the angle formed between one leg 
of the V and the conductor is approximately 45°. 
Dimensions of an optimum System for receiving 
television and frequency modulation signals be 
tween 54 and 216 no./S. are given in Fig. 4. Be 
cause the effective area of the composite dipole 
element is broader in the plane of the V, the ele 
ment tends to present slightly higher gain in 
the direction normal to the plane of the V. 
The addition of the V elements effects very 

little change in the impedance at low frequency 
and correspondingly has little effect on the field 
patterns. The impedance at high frequencies, 
however, may be considerably different, partially 
depending on the type of endseal of the trans 
mission line used. This may readily be cor 
rected by interposing an impedance transformer 
comprising a short length of transmission line 
48 between the conductors 2, 4 and transmis 
sion line 6 to improve the impedance chara,c- 
teristic at the higher frequencies. The length 
of this line should be on the order of a quarter 
wavelength at the higher frequencies but need 
not be at all exact, for example, about 16 inches 
long on the order of a quarter-wave at 195 m.c./s. 
in the embodiment shown in Fig. 4. Little change 
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4. 
in the impedance at lower frequencies will be 
effected by the addition of this length of trans 
mission line. 

Field patterns for the higher frequencies of 
i.75, 195, and 215 m.c./s. obtained With the ar 
rangement shown in Fig. 4 are illustrated in FigS. 
6, 7, and 8 respectively. By comparing each of 
these figures with the corresponding pattern 
shown in Fig. 2, it is obvious that great improve 
ment in the bidirectional characteristic is ob 
tained. 
The embodiment shown in Fig. 4 can be emi 

ployed at many installations with considerable 
improvement over the ordinary simple dipole an 
tenna, as Will be seen by referring to Fig. 9, 
wherein there is shown a graph of the power 
gain of a dipole antenna, according to the in 
vention such as shown in Fig. 4 as compared to 
a dipole antenna as shown in Fig. 1 and an ideally 
matched transmission line at each point of 
measurement. 
While the invention has been described in 

terms of express embodiments, it is to be under 
stood that obvious applications of the principles 
of the invention Will be Suggested to those skilled 
in the art without departing from the Spirit and 
Scope of the invention, particularly in view of the 
Suggested use of adapters shown in Fig. 5. 

I claim: 
1. In an antenna comprising a radiator or re 

ceptor component having at least one elongated 
element resonant to a given frequency, Said con 
ponent having a bi-directional field pattern at 
Said given frequency and a natural quadri-di 
rectional field pattern at frequencies above said 
given frequency, an adapter device mounted on 
Said element Substantially centrally of the ends 
thereof to maintain Said bi-directional field pat 
tern at Said frequencies above said given fre 
quency, said adapter device comprising a pair of 
elongated radiator or receptor conductors sub 
Stantially shorter than said element and arranged 
in the form of a V, the adjacent ends of said 
conductors being connected to said element to 

5 lie in Substantially a single plane and to form an 
angle of Substantially 45° between said element 
and each of Said elongated conductors. 

2. An antenna, having a bi-directional field 
pattern comprising a pair of arms arranged end 
to-end in a straight line but spaced from each 
other at adjacent ends, a feed line coupled to said 
adjacent ends, a pair of elongated wires ar 
ranged in the form of a V connected at the apex 
of the V to each of said arms at a location inter 
mediate the ends of the arm and appreciably re 
moved from the end of the arm to which the 
feed line is coupled, said elongated wires each 
being shorter than the arm to which it is con 
nected, the distance between apices of said V's 
being approximately one-third the overall length 
of Said antenna arms. 

3. An antenna comprising a radiator or re 
ceptor component having at least one elongated 
element resonant to a given frequency, said com 
ponent having a bi-directional field pattern at 
Said given frequency and a naturai poly-direc 
tional field pattern at frequencies above said 
given frequency, a pair of elongated radiator 
or receptor conductors substantially shorter 
than Said element and arranged in the form of a 
V on Said element Substantially centrally of the 
ends thereof to maintain said bi-directional field 
pattern at Said frequencies above said given fre 
quency, the adjacent ends of said conductors 
being connected to said element to lie in sub 
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stantially a single plane and to form angles of 
substantially 45° between said element and each 
of said elongated conductorS. 

4. In an antenna comprising a radiator or 
receptor component having at least one elon 
gated element resonant to a given frequency, Said 
component having a bi-directional field pattern 
at said given frequency and a natural poly-direc 
tional field pattern at frequencies above said 
given frequency, a pair of elongated radiator Or 
receptor conductors substantially shorter than 
said element mounted on said element Substan 
tially centrally of the ends thereof to maintain 
said bi-directional field pattern at said frequen 
cies above said given frequency, said conductors 
having the adjacent ends thereof connected to 
said element and being arranged in the form of a 
V to lie in substantially a single plane at angles 
of substantially 45° between said element and 
each of said elongated conductorS. 

5. An antenna, having a bi-directional field 
pattern comprising a pair of artins arranged end 
to-end in a straight line but Spaced from each 
other at adjacent ends, means to couple a feed 
line to said adjacent ends, a pair of elongated 
wires arranged in the form of a V connected at 
the apex thereof to each of Said arms at a loca 
tion intermediate the ends of the arm and ap 
preciably removed from the end of the arm to 
which said feed line coupling means are located, 
said elongated Wires each being shorter than the 
arm to which connected, the distance between 
apices of said V's being approximately one-third 
the overall length of said antenna arms. 

6. An antenna, having a bi-directional field 
pattern comprising a pair of elongated conduc 
tive arms arranged in Substantially end-to-end 
relationship and spaced apart at adjacent ends, 
means to couple a feed line to said adjacent ends, 
a pair of elongated conductors arranged in the 
form of a W connected at the apex thereof to each 
of Said arms at a location intermediate the ends 
of the arm and appreciably removed from the 
end of the arm to which said feed line coupling 
means are located, said elongated conductors 
each being shorter than the conductive arm to 
Which connected, the distance between apices of 
said V's being approximately one-third the over 
all length of said antenna, arms. 

7. An antenna, having a bi-directional field 
pattern comprising a pair of elongated conduc 
tive arms arranged in substantially end-to-end 
relationship and spaced apart at adjacent ends, 
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means to couple a feed line to said adjacent ends, 
a pair of elongated conductors arranged in the 
form of a W connected at the apex thereof to 
each of Said arms at a location intermediate the 
ends of the arm and appreciably removed from 
the end of the arm at which said feed line cou 
pling means are located, said elongated conduc 
tors each being shorter than the conductive arm 
to which connected and the distance between 
apices of Said W’s being approximately one-third 
the Overall length of Said antenna arms, and the 
length of each of Said conductors being substan 
tially one-third the length of each of said con 
ductive arms. 

8. An antenna, having a bi-directional field 
pattern comprising a pair of elongated conduc 
tive arms arranged in substantially end-to-end 
relationship and Spaced apart at adjacent ends, 
means to couple a feed line to said adjacent ends, 
a pair of elongated conductors connected at ad 
jacent ends thereof to each of said arms at a lo 
cation intermediate the ends of the arm and ex 
tending divergently away from the end of the 
arrin at which said feed line coupling means are 
located, Said elongated conductors being substan 
tially one-third the length of each of said con 
ductive arms, and the center of the projection of 
Said conductors on Said arms being approxi 
mately at the center of said antenna, arms. 
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