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57 ABSTRACT 

An antenna which in one embodiment is formed from 
a plate and which has openings formed therein 
wherein the opening comprises one-eighth to seven 
eighths of the total area of the plate and which forms a 
composite antenna having a dipole and loop portion. 
The antenna may also be formed in printed circuit 
form as a thin foil upon a supporting member and may 
be directly mounted on a television set, for example. 

9 Claims, 28 Drawing Figures 
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ANTENNA HAVING ACOMBINED DIPOLE AND 
LooPPORTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to an antenna as, for 

example, for television receivers having high gain over 
abroadband of frequencies. 

2. Description of the Prior Art 
Television antennas must be highly directive to avoid 

ghosts and to obtain the high gain required to pick up 
weak signals in fringe areas. Previously, relatively large 
antennas such as Yagi's, comprising a dipole element 
with reflectors and directors have been used for televi 
sion, however, such antennas are not suitable for use 
with television receivers for receiving the UHF signals 
because the impedance characteristics and the mutual 
impedance characteristic among the antenna elements, 
the reflector and the director vary as a function of 
frequency and therefore the spacing of the electrical 
links of the antenna elements must be changed in order 
to receive VHF and UHF signals. 

SUMMARY OF THE INVENTION 

The present invention comprises a very directive 
high gain antenna suitable for use with television 
receivers, for example, which is of a small size and inex 
pensive to manufacture and which can be mounted 
within a television receiver if desired. The antenna of 
the present invention is formed from a loop antenna 
element and a dipole antenna element integrally 
formed with a loop as by forming an opening in a circu 
lar plate wherein the outer edges of the plate form the 
loop antenna element and pie-segmented portions of 
the plate which remain after the opening is formed 
form the dipole elements. In such antenna, the area of 
the opening may vary from one-eighth to seven-eighths 
of the area of the plate to obtain the optimum im 
pedance for the reception of waves over a wide 
frequency range. 

It is an object of the present invention to provide an 
antenna which has constant impedance over a broad 
frequency range. Another object of this invention is to 
provide an antenna with sharp directivity. 
Another object of the invention is to provide an an 

tenna which is small in size, inexpensive and suitable 
for use with television receivers. 
Other objects, features and advantages of this inven 

tion will be readily apparent from the following 
description of certain preferred embodiments thereof 
taken in conjunction with the accompanying drawings, 
although variations and modifications may be effected 
without departing from the spirit and scope of the novel 
concept of the disclosure, and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a plan view of an antenna according to the 
invention; 
FIGS. 2A, 2B and 3 comprise plots of the admittance 

characteristic curves on a Smith chart of the antenna 
shown in FIG. 1; 

FIG. 4A is a plan view of a dipole antenna; 
FIG. 4B is a graph comprising a plot of the frequency 

to admittance characteristic of the dipole antenna 
shown in FIG. 4A; 

FIG. 5A is a plan view of a loop antenna; 

60 

2 
FIG. 5B is a graph showing the frequency to ad 

mittance characteristic of the loop antenna shown in 
FIG. 5A; 

FIG. 6 is a graph showing the frequency to ad 
mittance characteristic of the antenna of this invention; 

FIGS. 7-10 are plan views of other modified forms of 
this invention; 

FIG. 11 is a perspective view of the antenna of this 
invention mounted in a television receiver; 

FIG. 12 is a plan view of a parabolic antenna element 
of this invention; 

FIG. 13 is a top plan view of the antenna element 
shown in FIG. 12; 
FIG. 14 is a side view of the antenna comprising the 

antenna element of FIG. 12 and a dipole antenna ele 
ment mounted forwardly thereof; 

FIG. 15 is a graph of the frequency to front-to-back 
ratio characteristic of the antenna of FIG. 14, 

FIG. 16 is a plan view of another modified form of 
this invention; 
FIGS. 17 and 18 are perspective views of other em 

bodiments of this invention; 
FIG. 19 is a graph of the frequency to gain charac 

teristic of the antenna devices depicted in FIGS. 17 and 
18 and of a Yagiantenna; 
FIG. 20 is a graph of a directional pattern of the an 

tenna depicted in FIG. 17; 
FIGS. 21A, 21 B and 21C respectively illustrate other 

examples of antennas of this invention; 
FIG. 22A is a perspective view of another embodi 

ment of the antenna of this invention; and 
FIG. 22B is a detailed perspective view of a com 

ponent of the antenna depicted in FIG.22A. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

FIG. 1 illustrates an embodiment of the invention 
comprising a circular conductive plate 1 which has a 
diameter l which is equal to about one-third of the lon 
gest wave length of an electromagnetic signal to be 
received. An opening 2 is formed in the plate 1 in the 
shape of two sector portions 2a and 2b which are joined 
at their apexes thus leaving generally pie-shaped por 
tions 3a and 3b of conductive material as shown. The 
rim portion is formed contiguous to the windows 2a 
and 2b and has a thickness of t which is small compared 
to the diameter of the plate 1. Feed points 4a and 4b 
are provided at the apex portions of 3a and 3b adjacent 
the center O of the plate 1. In a particular embodiment, 
the plate had the diameter l of 250 mm and with the 
angle 6 of the sectors 3a and 3b being 60 and the width 
t being 10 mm was constructed. In this embodiment the 
area of the window 2 is five-eighths of the total area of 
the plate 1. If the total area of the plate before the win 
dow is cut is S the area 2 is % S. 

FIG. 2A is a Smith chart on which a curve a-b-c-d 
is plotted with the points respectively corresponding to 
the frequencies of 460 MHz, 500 MHz, 600 MHz and 
780 MHz for the antenna of FIG. 1. The characteristic 
impedance of the antenna was 200 ohms (correspond 
ing to a reference point 1.0 on the Smith chart). The 
curve as to ds of FIG. 2A shows that the impedance of 

65 the antenna of FIG. 1 remains substantially constant 
over the frequency from 460 MHz to 780 MHz. A 
second embodiment of a UHF antenna was constructed 
in which the diameter l was 250 mm, the width t, 10 
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mm, and the angle 6 of the sector portions 3a and 3b 
were 15 and the characteristic impedance was 200 
ohms, Curve a-b-c-d in FIG. 2A illustrates the 
frequency to admittance characteristic of this antenna. 
A third embodiment was constructed in which the 
diameter and width were the same as the first models 
but the angle 8 was 30'. The frequency to admittance 
characteristic for this embodiment is shown by the 
curve a-b-c-d-. 

FIG. 2B is a Smith chart plotted for a fourth embodi 
ment having the same diameter and width as the other 
embodiments but with the angle 6 selected as 120. The 
curve a-b-c-d- illustrates the admittance of the anten 
na as a function of frequency between the ranges of 
460 MHz to 780 MHz. Curve ads is the characteristic 
for an antenna having the same diameter and width of 
the prior embodiments and with the angle 8 being 150. 
Curve ads illustrates the characteristic for an antenna 
having the same dimensions as the other embodiments 
but with the angle 6 being equal to 180. 
The curves of FIGS. 2A and 2B illustrate that the im 

pedance of an antenna may be held substantially con 
stant as a function of frequency over the frequency 
range from 460 MHz to 780 MHz by selecting the angle 
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10 

4. 
The loop antenna 7 has a characteristic as illustrated 

in FIG. SB wherein the curve 7G indicates its 
susceptance characteristic which passes through O at fo 
and curve 7B indicates its conductance characteristic. 

It is to be noted that the curves of FIG. 6 showing the 
characteristic of the antenna of FIG. 1 comprise the 
combination of the curves of FIG. 4B and FIG. SB of 
the antennas of FIGS. 4A and 5A, respectively. For ex 
ample, solid line curve 8G comprises the susceptance 
characteristic of the antenna of FIG. 1 and is obtained 
by combining the curves 6G and 7G from the antennas 
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8 of the elements 3a and 3b within the range of 30 to 
150°. 
FIG. 3 illustrates the frequency versus admittance 

characteristics of antennas constructed according to 
FIG. 1 in which the diameter l was 250 mm, the angle 0 
of the sectoral parts 3 was 60, the characteristic im 
pedance was 200 ohms and the width t of the arcuate 
portions 5 was varied respectively to be equal to 5mm, 
10 mm and 40 mm. Frequency was measured at 460 
MHz, 500 MHz, 600 MHz, 800 MHz and 980 MHz, 
respectively corresponding to the points a, b, c, d and e 
on the Smith chart. The curve a -e corresponded to a 
width of 5 mm of the portion 5, the curve as-e cor 
responded to the portion 5 having a width of 10 mm, 
and the curve age corresponded to the portion 5 hav 
ing a width of 40 mm. FIG. 3 illustrates that when the 
width it of the arcuate portion 5 is about 5 to 20 mm, 
that the impedance remains substantially constant over 
the frequency range from 460 MHz to 980 MHz. 

It can be concluded from the above experiments that 
when the area of the window 2 is from one-eighth to 
seven-eighths of the total area of the conductive plate 
before the window is removed, that an antenna of ex 
cellent impedance characteristics is obtained operable 
over a wide frequency range. 

FIG. 4A illustrates a dipole antenna 6 comprising the 
segments 3a and 3b of the antenna 1 and FIG. 5A com 
prises a loop antenna 7 having a diameter l and a 
thickness d. It is to be realized that the antenna of FIG. 
1 comprises a combination of the dipole of FIG. 4A and 
the loop of FIG. 5A formed into an integral antenna. 
FIG. 4B is the frequency versus admittance charac 
teristic of the dipole of FIG. 4A which resonates at a 
frequency a little less than a wave length of A/2. The 
impedance to frequency characteristic of the antenna 
of FIG. 4A is illustrated in FIG. 4B in which the 
susceptance component is indicated by full line 6G and 
is O at the center frequency fo and the conductance 
component is indicated by the broken line 6B and is at 
a maximum at the center frequency fo. 
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of FIGS. 4A and 5A. The conductance characteristic 
8B illustrated in FIG. 6 by broken line is the charac 
teristic for the antenna of FIG. 1 and is obtained by 
combining the characteristics 6B and 7B of the anten 
nas of FIGS. 4A and 5A, respectively. 

It is to be particularly noted that the suscepance 
characteristic 8G has substantially zero value over a 
very broad frequency range. 

FIGS. 2A, 2B, 3 and 6 illustrate that the antenna of 
this invention has an impedance which is constant over 
an extremely wide frequency range which cannot be 
obtained with conventional antennas. This allows im 
pedance matching of the antenna with the receiver 
over a wide frequency range thus preventing losses 
caused by a mismatch between the antenna and the 
receiver, and, further provides for a broad band anten 
na. The antenna of this invention may also be made 
very small as compared to conventional wide band slot 
or log periodic antennas. 

FIGS. 7-10 illustrate other embodiments of the in 
vention. In FIG. 7, for example, a circular plate 1' is 
formed with a window 2' which comprises two circular 
window portions 2a" and 2b' offset from the center of 
the plate and joined by an opening connecting them as 
shown. The portions 3a' and 3b' extending inwardly 
from the outer portion of the disc toward the opening 
serve as a dipole and the antenna may be fed at the feed 
points 4a' and 4b' as shown. 

FIG. 8 illustrates a modification wherein the plate 1' 
is formed with a window 2'' comprising two substan 
tially elliptical openings 2a' and 2b' arranged sym 
metrically with respect to the center and joined by an 
opening. Feed points 4a' and 4b' are provided at the 
center of the plate and the dipole portions 3a' and 3b' 
extend into the feed points. 

FIG. 9 illustrates a generally square shaped plate 11 
which is formed with triangular shaped opening 12 
formed in two parts 12a and 12b as shown. The triangu 
lar windows 12a and 12b are contiguous at their apexes 
to form feed points 14a and 14b as shown. The triangu 
lar shaped portions 13a and 13b provide a dipole por 
tion of the antenna and the outer rim 15 provides the 
loop portion of the antenna. 

FIG. 10 illustrates an antenna formed from a 
generally hexagonal shaped plate 21 formed with a 
generally hour-glass shaped window 22 having an 
upper portion 22a and a lower portion 22b relative to 
FIG. 10. Feed points 24a and 24b are mounted ad 
jacent the center of the plate 21 and the portions 23a 
and 23b form the dipole portion of the antenna and the 
rim portion 25 forms the loop portion of the antenna. 

It has been discovered that all of the antennas illus 
trated in FIGS. 7-10 operate with substantially the 
same characteristics as those of the antenna illustrated 
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in FIG. 1 to obtain the desirable characteristic of the 
antenna of FIG, 1. 

FIG. 11 illustrates the antenna of this invention 
mounted in a television set. The antenna of FIG. 1 
might be formed, for example, by vapor deposition or 
printed circuit techniques. For example, the antenna 1 
may be formed on an insulating plate attached to the 
wall of the wall of the television cabinet as shown in 
FIG. 11 and mounted on the inside thereof. A lead 10 
supplies the output of the antenna from the feed points 
4a and 4b to the RF section of the television set. 

FIGS. 12 and 13 illustrate a modification of the in 
vention in which the antenna is parabolic in shape and 
is used as a reflector. A parabolic shaped plate 100 is 
formed with windows 20a and 20b of sector shapes hav 
ing the apex angles 6 as shown. The windows 20a and 
20b are symmetrically mounted relative to the center O 
of the plate 100. In the embodiment illustrated in FIGS. 
12 and 13 the windows 20a and 20b do not intersect at 
their apexes so the material of the plate 100 extends 
between the conductive segments 30a and 30b as 
shown. FIG. 13 is a top view of the antenna of FIG. 12 
and illustrates the depth of the antenna as h. The 
diameter of the antenna is shown in FIG. 12 as L and t 
designates the thickness of the rim 50, as shown. The 
letter H designates the center line of the antenna which 
bisects each of the sector portions 30a and 30b, respec 
tively. 

FIG, 14 illustrates the reflector 100 of FIGS. 12 and 
13 mounted relative to a dipole 101 which has feed 
points 104a and 104b. The reflector of FIGS. 12 and 13 
is designated A and the dipole antenna 101 has a length 
of land a diameter w and may be formed of rod materi 
al, for example. The dipole 101 and the reflector A are 
spaced apart by a distance d with the dipole in front of 
the reflector to intercept radio frequency energy in 
dicated by the R.F.arrow. The center O of the reflector 
A coincides with the center O' of the dipole element 
101, and the dipole 101 is aligned relative to the reflec 
tor as shown. 
The antenna device of FIG. 14 has a front-to-back 

ratio frequency characteristic shown in FIG. 15 by 
curve 111. This curve is for an antenna wherein the 
diameter L of the reflector is 250 mm, the width t of the 
arcuate portion 50 is 10 mm, the depth h of the reflec 
tor is 40 mm, the central angles 6 of the window por 

10 

15 

20 

25 

30 

35 

40 

45 

tions 20a and 20b are 120, the length l of the dipole 
101 is 200 mm, the diameter w of the dipole is 6 mm, 
and the distanced between the dipole element 101 and 
the reflector as shown in FIG. 14 is 140 mm. Curve 112 
in FIG. 15 is the characteristic for an antenna similar to 
that shown in FIG. 14 but in which the reflector ele 
ment contains no windows. It is seen from a com 
parison of the characteristics 111 and 112 that the 
elimination of the windows 20a and 20b causes a sub 
stantial decrease in the front-to-back ratio and substan 
tially decreases the directivity of an antenna. The curve 
113 in FIG. 15 is a plot of the front-to-back ratio of a 
loop antenna with a reflector of the same configura 
tion. Thus it is seen that the antenna of this invention il 
lustrated in FIG. 14 provides a substantial improve 
ment over the prior art and is very directive over a wide 
frequency range. 
My experiments with various modifications illus 

trated has shown that very desirable results are ob 
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6 
tained when the windows of the antennas are in the 
range from one-eighth to seven-eighths of the total area 
of the conductive plate before the windows are formed. 
With this range in size of the windows it has been deter 
mined that the front-to-back ratio of the antenna does 
not deteriorate and is good over a wide frequency 
range. 

FIG. 16 illustrates an embodiment of the invention 
wherein the antenna of FIG. 1 has been modified by the 
connection of an inductor 14 between the feed points 
4a and 4b. Also, the antenna 1 may be formed into a 
parabolic shape as illustrated in FIG. 13. By changing 
the value of the inductive element 14 an apparent 
change in the shape of the reflector 1 is obtained. Thus 
the inductor 14 allows the characteristics of the anten 
na to be varied in a manner analogous to end loading of 
a dipole, for example. An impedance may also be used 
with the reflector illustrated in FIG. 14, if desirable. 

FIG. 17 illustrates a composite antenna having eight 
elements with a first parabolic element A such as 
shown in FIGS. 12 and 13, and a second element B 
mounted in front of the element A and having a con 
figuration as shown. The element B comprises the 
radiator and the element A comprises the reflector. 
Director elements comprise the dipole antenna ele 
ments 15a, 15b, 15c, 15d, 15e and 15f, mounted as 
shown. A very directive high gain antenna is formed 
with the structure of FIG. 17. 

FIG. 18 has elements A, and dipoles 15a-15f 
similarly mounted as in FIG. 17, and uses a triangular 
shaped dipole antenna element 16 as the radiator. This 
antenna also has high gain and is very directive. 
The antennas illustrated in FIGS. 17 and 18 comprise 

substantial improvements over conventional Yagi an 
tennas. FIG. 19 comprises a plot of frequencies versus 
gain. The curve 191 illustrates the gain versus frequen 
cy response of a conventional Yagi antenna. The curve 
181 illustrates the gain versus frequency response of 
the antenna of FIG. 18, and curve 171 illustrates the 
gain versus frequency response of the antenna of FIG. 
17. It is seen that the antennas of FIGS. 17 and 18 show 
substantial improvement in gain over the Yagi antenna 
as observed from the comparison of the curves 171, 
18 with the curve of 191. 
FIG. 20 is a plot of the directional pattern of the an 

tenna of FIG. 18 for an incoming signal of 600 MHz. It 
is to be noted from FIG. 20 that the front-to-back ratio 
of the multi-element antenna of FIG. 18 is infinite and 
its directivity is very good. 

FIGS. 21 and 22 illustrate additional embodiments of 
the invention. In these figures modified form of the an 
tenna of FIG. 14 is disclosed in which the dipole and 
parabolic elements are respectively utilized as a radia 
tor and a reflector and are spaced a distanced apart. 
The dipole element 101 is connected to impedance 
matching means 10a which may be constructed of twin 
lead type solid conductive members. The end of theim 
pedance matching means away from the dipole 101 is 
connected to a suitable feed means. To obtain good im 
pedance matching the characteristic impedance Z of 
the impedance matching means 10a is selected so as to 
satisfy the relationship Zo = V Z, X Z, where Z and 
Z are the impedances of the antenna element 101 and 
the feeder, respectively. The length u of the impedance 
matching means 10a depends upon the frequency 
range to be covered. 
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FIG, 21 B illustrates the dipole element of FIG. 21A 

mounted with a parabolic reflector 100 as shown in 
FIG. 14. The distance between the dipole 101 and the 
antenna 100 is designated d and the length l of the 
dipole 101 is chosen as a function of the working 
frequency. It is difficult to simultaneously select the op 
timum length u of the impedance matching means 10a 
and the distanced between the antenna elements 100 
and 101 and the length l because of the frequency de 
pendency of the self-impedances of the antenna ele 
ments 100 and 101, and the mutual impedance 
between them. FIG. 21C illustrates the dipole antenna 
element 101 which is bent back as shown and has an 
optimum length l. The dipole 101 is coupled to im 
pedance matching means 10a which have the length u 
which is optimum and is selected based on the im 
pedance Z of the dipole 101 at the feed points, the im 
pedance Z of the feeder and the operating frequency 
range. By bending the ends of the dipole 101 back 
toward the element 100 the effective length between 
the dipole antenna element 101 and the antenna ele 
ment 100 becomes shorter. On the other hand, if the 
dipole is bent such that its ends extend away from the 
element 100, the length u of the impedance matching 
means 10a will become longer. Thus it is possible to ad 
just the length u of the impedance matching means 10a 
and the distanced between the dipole element 101 and 
the antenna element 100 to the optimum value by 
selecting the angle at which the ends of the dipole 101 
are tent relative to the impedance matching means 
10a. 
FIG.22 illustrates a practical embodiment of the an 

tenna of FIG. 21. The impedance matching element 
10a has its end away from the dipole 101 supported at 
the center of the antenna element 100 through an insu 
lator 117 as shown in FIG., 22B. The impedance 
matching means 10a has its end 10b pivotally con 
nected to the support means 117 to permit vertical 
movement of the impedance matching means 10a rela 
tive to the antenna element 100. A slidable support 17 
is mounted on the impedance matching means 10a as 
shown in FIG.22B. This arrangement allows the anten 
na to be folded upwardly to the position shown by dash 
dot lines in FIG, 22A when the antenna is not in actual 
use. This is convenient for storing or shipping the an 
tenna when not in use. The antenna element 100 is 
made of a conductive plate which has a window and 
which may be supported on a dish-shaped molded resin 
backing plate which provides mechanical strength. The 
element 100 is supported from a mast 20 mounted on a 
support base 19 by supporting arm 21. 
The antenna illustrated in FIG. 22 has a wide band 

frequency response and the distance between the 
dipole antenna element 101 and the antenna element 
100 and the length of the impedance matching means 
10a can selected at optimum values based on the work 
ing frequency range. 
The window in the member 100 is formed symmetri 

cally about the center of the conductive plate member 
although substantially the same results may be obtained 
with an asymmetrical window. If the window is formed 
extremely asymmetrically, it may be necessary to in 
clude an impedance matching means between the an 
tenna device and the receiver. 
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I claim as my invention: 
1. An antenna comprising: 
acgonductive plate member; w 
at least a pair of window openings formed in said 

plate and arranged symmetrically with respect to 
the center of the conductive plate member so as to 
form a loop antenna and a dipole antenna in the 
plate member, the window openings having an 
area in the range between one-eighth to seven 
eighths of that enclosed by said conductive plate 
member such that said conductive plate member 
functions as a combination loop and dipole anten 
na; and 

a dipole antenna mounted forwardly of said conduc 
tive plate member. 

2. An antenna as claimed in claim 1 comprising an 
impedance matching means mechanically connected to 
said dipole antenna and to said conductive plate 
member. - - - 

3. An antenna as claimed in claim 2 wherein said im 
pedance matching means comprises a twin-lead solid 
conductive member. 

4. An antenna comprising a parabolic conductive 
plate member, an insulator supporting said plate 
member, a pair of window openings formed in said 
plate and arranged symmetrically with respect to the 
center of said conductive plate member, the window 
openings having an area in the range between one 
eighth to seven-eighths of that enclosed by said plate 
member, an impedance matching means with one end 
insulatingly attached to the center of said conductive 
plate member and formed of a twin-lead solid feeder, 
and a dipole antenna element mounted on the second 
end of said impedance matching means. 

5. An antenna as claimed in claim 4 wherein said. 
dipole antenna element is connected to the impedance 
matching means such that said dipole element may be 
pivoted relative to said conductive plate member. 

6. An antenna as claimed in claim 4 wherein the im 
pedance matching means is pivotally attached to said 
conductive plate member so that it may be folded up 
wards. 

7. An antenna comprising: 
a parabolic conductive plate member; 
a pair of window openings formed in said plate and 
arranged symmetrically with respect to the center 
of said conductive plate member, the window 
openings having areas in the range between one 
eighth to seven-eighths of that enclosed by said 
conductive plate member; 

a first antenna element mounted forwardly of said 
conductive plate member and serving as a radia 
tor; and 

a second antenna element mounted forwardly of said 
first antenna element and serving as a director. 

8. An antenna as claimed in claim 7 wherein the first 
antenna element is formed of a second conductive 
plate member and has formed therein a second pair of 
window openings having an area in the range between 
one-eighth to seven-eighths of that enclosed by said 
second conductive plate member. 

9. An antenna as claimed in claim 7 wherein said first 
antenna element comprises a dipole antenna. 

sk ck xk k k 


