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V-STRE ANTENNA WITH ARTEFECIAL 

DIEL 4 CTRIQ LENS 
John W. Qarr, Santa tllara, Qalif, assignor to Lockheed 

Airsr‘aft Corporation, Burbank, Calif. 
Filed May 16, 196i}, Ser. No. 29,530 

7 Claims. (Cl. 343—753) 

This invention relates generally to antenna systems for 
electromagnetic radiation and reception, and more par 
ticularly to a simple V-strip high gain antenna system 
which provides a unidirectional radiation pattern and is 
operable over a very wide frequency band. 
The advantages to be derived from a high gain uni 

directional antenna system which is capable of opera 
tion over a wide frequency band are well recognized in 
the art. However, heretofore the achieving of such an 
antenna system required considerable complexity, ex 
pense and critical adjustment which severely restricted 
the use to which the system could be put. Consequently, 
there has been an extensive search for simpli?ed antenna 
systems which will exhibit the desired characteristics of 
unidirectional high gain operation over a wide frequency 
band. 

In the search for simpli?ed antenna systems the V-type 
of antenna has received considerable attention, mainly 
because of its ease of construction. However, in order 
to achieve unidirectional operation it has been found 
necessary to introduce additional structures such as 
multiple V’s, re?ectors, loops, stubs, parasitic elements and 
the like into the basic V structure, and even then the 
bandwidth obtained is quite limited. Also, the resulting 
structure is usually critical and much more complicated 
than the basic V structure. 

Accordingly, it is the broad object of this invention 
to provide an improved antenna system of the Vdtype. 
A more speci?c object of this invention is to provide a 

simple V-type antenna structure having a unidirectional 
radiation pattern which is operable over a wide frequency 
band, and is capable of exhibiting high gain at the high 
frequency and of the band. 
Another object of this invention is to provide improved 

means and methods for broad-banding a V-type antenna. 
Still another object of this invention is to provide a 

high gain unidirectional V-type antenna which is operable 
over a frequency bandwidth of 10 to one. 
A further object of this invention is to provide a wide 

band, high gain unidirectional V-type antenna whose 
input impedance can be non-critically controlled down to 
small values, 
A still further object is to provide the antennas of the 

above mentioned objects in simple and inexpensive form. 
In accordance with the present invention it has been 

found that, contrary to present thinking with regard to 
antenna systems of the V-type, it is possible to achieve 
a high gain antenna system which is basically not signi? 
cantly more complex than the basic V structure and yet, is 
capable of providing a unidirectional radiation pattern 
and is operable over a remarkably wide frequency band. 
The present invention is based upon my discovery that 

if metal strips are employed as the radiating elements of 
a V antenna of sufficient width as compared to their 
length, and these strips are excited so that the currents 
developed are concentrated on the inside surfaces thereof, 
then the radiated electromagnetic ?eld will be substantially 
concentrated in the region between the ?at strips making 
up the arms of the V. The antenna, therefore, will be 
unidirectional in a direction in the plane of the V along 
the line bisecting the two arms thereof. If the strips of 
the V are curved, such as in the form of a parabola it 
has been found that the resulting bandwith and im 
pedance characteristics are very much improved. In addi 
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2 
tion, because the ?eld is concentrated in the region be 
tween the strips malring up the arms of the V, dielectric 
loading may be employed in this region to correct the 
phase front of the radiation ?elds within the V, thereby 
permitting operation to be obtained over a very large 
frequency band which may be made greater than 10 to 1. 
The speci?c nature of the invention as well as other 

objects, uses and advantages thereof will clearly appear 
from the following description and the accompanying 
drawing in which: 
FIG. 1 is a perspective view of an embodiment of a 

basic V-strip antenna in accordance with the invention. 
FIG. 2 is a perspective view of an improved embodi 

ment of a V-strip antenna in accordance with the in 
vention. 

FIG. 3 is a perspective view of an embodiment of the 
V~strip antenna of FIG. 2 in which ‘arti?cial dielectric 
loading is incorporated for phase correction, in accord 
ance with the invention. 
FIGS. 4 and 5 are respectively top and front views of 

a speci?c embodiment of the V-strip antenna system of 
FIG. v3 
FIG. 6 comprises two graphs illustrating the variation 

of the voltage-standing-wave-ratio (VSWR) and the im 
pedance mismatch reflection loss into a SG-ohrn load 
over a frequency range from 100‘ to 15 0O megacycles. 
FIG. 7 illustrates the E and H plane radiation patterns 

obtained for the speci?c embodiment of the V-strip 
' antenna illustrated in ‘FIGS. 4 and 5 at frequencies of 300, 
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600, 1,000 and 1,400 megacycles. 
Like numerals refer to like elements throughout the 

?gures of the drawing. 
As mentioned previously, the present invention is based 

on the realization that a single V element may be em 
ployed to provide a unidirectional antenna radiation pat 
tern by using metal strips as the radiating elements which 
make up the arms of the V and exciting these strips so 
that the ‘currents developed are concentrated on the inside 
surfaces thereof. A basic V-strip structure in accordance 
with the invention is illustrated in FIG. 1. 

In FIG. 1, the V antenna comprises thin metal strips 
10 and 20 forming the arms of the V which 
are bent at the apex of the V to form adjacent 
parallel ?at portions 12 and 22. The antenna is fed from 
a balanced two-Wire line indicated by the wires 14 and 
24. In order to provide a smooth transition from the 
two-wire line 14 and 24 to the metal strips 1%} and 20, the 
width of the metal strips 10- and 20 is tapered to the 
two-wire line 14 and 24 as shown. 
As is conventional practice, the characteristic impedance 

of the two-wire line should match the input impedance 
of the antenna as well as possible over the frequency band 
of operation. Since the ratio of the distance between 
the ?at portions 12 and 22 to the thickness T of the 
metal strips 10 and 20 controls the antenna input im 
pedance, the input impedance can conveniently and non 
critically be controlled down to small values. 
By employing the metal strips 10 and 20 as the radiat 

ing elements of the V of sufficient width T as compared 
to their length and exciting these strips as shown in FIG. 1, 
it has been found that the energy radiated from the V 
will be substantially contained within the region between 
the metal strips 10 and 20. The important feature in 
maintaining unidirectionm radiations is that the width T 
of the strips 10 and 20 be su?‘icient as compared to their 
lenoth to maintain a large radiating-surface-to-length 
ratio; that ‘is, the width T over the length of the metal 
strips 1i} and 20 for a ‘given length controls the Q ob 
tained, and these should be made su?iciently wide to pro 
vide an unidirectional ‘antenna pattern. 

Variation of the width T of the metal strips 10 and 20 
will show that once the radiating element takes on the 
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form of a strip as contrasted with the rod-type shape 
of a conventional thin wire antenna, the Q drops rapidly 
to a relatively small value and unidirectional operation 
is thereby achieved. Making the strip width T larger does 
not achieve any appreciable change in overall perform 
ance unless it becomes of the order of a wavelength. 
The unidirectional operation obtained by the use of the 

metal strips 10 and 20 as radiating elements is believed 
to result because of the restricted type of current ?ow de 
veloped in each of themetal strip radiators and the low 
Q condition thereby obtained which causes most ‘of the 
radiated energy to travel outward without being re?ect 
ed from the antenna aperture-to-free-space transition back 
into the antenna feed line. 
The V-strip antenna shown in FIG. 1 is able to pro 

vide a usable unidirectional radiation pattern over a range 
of frequencies of about 4 to 1 with a respectable gain 
which increases with increasing frequency, the length of 
the metal strips 10 and 20 preferably ranging from about 
1/2 wavelength to 2 wavelengths over the operating band. 

In order to obtain a smoother impedance character 
istic over the operating frequency band, I have found it 
advantageous to provide a curvature for the metal strips 
as shown in FIG. 2. While various types of curvatures 
are possible, I prefer to use a curvature ‘of parabolic ‘form. 
The provision of curvature in the metal strips 30 and 40 in 
'FIG. 2 has been found to reduce the peak values of volt 
age-standing-wave-ratio (VSWR) obtained, especially in 
the low frequency region where the metal strips are about 
one-half to one wavelength long. The ?at portions 32 
and 42 in FIG. 2 respectively correspond to the like por 
tions 12 and 22 in FIG. 1. Preferably, the metal strips 
are of the order of one-half wavelength long at the low 
frequency end of the operating band. 
Because the energy radiated from a V-strip antenna, 

such as shown in FIGS. 1 and 2 is substantially con?ned 
to the region between the arms of the V, it now becomes 
possible to employ some type of phase correction tech 
nique to extend the bandwidth to higher frequencies. 
FIG. 3, shows one type of arti?cial dielectric loading which 
may be incorporated in the basic antenna system of FIG. 
2. The arti?cial dielectric loading comprises a number 
of rows of thin metal elements 50', parallel to the trans 
verse plane, suspended between the curved metal strips 
30 and 40 making up the arms of the V by means of 
non-conductive cords 55, which may be of nylon. 'I'lhese 
thin metal strips 50 act to correct the phase of the wave 
front leaving the antenna. By suitable design of the 
arti?cial dielectric loading provided, the frequency of an 
antenna such as shown in FIG. 3 may be made operable 
over a frequency range of greater than 10 to l. 
The array of metal elements 50 between the arms of the 

V may be considered as an electromagnetic lens which cor 
rects for electromagnetic aberration in the same way as an 
optical lens may be used to correct for [defects of the 
eye. The design of electromagnetic lens systems for vari— 
ous types of applications are well known in the art and 
such techniques may be employed for designing a suit 
able electromagnetic lens system for the antenna of FIG. 
3. The width of the metal elements in the E and H plane, 
their longitudinal and lateral separation, and their overall 
longitudinal and lateral distribution and total number are 

I functional parameters. 

It will be noted in connection with the embodiments of 
FIGS. 1-3 that supporting structures for the antenna 
elements have not been shown. Since the provision of 
such supporting structures is well within the skill of those 
in the art, these structures have been omitted in order not 
to confuse the ?gures. However, it will be understood 
that any of a number of readily providable structural ar 
rangernents can be employed in the antennas of FIGS. 1-3. 

In order to show how the present invention may be 
practically vemployed, .a speci?c embodiment of the 
antenna system of FIG. 3 will now be described. Top and 
front views of this speci?c embodiment are illustrated in 
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FIGS. 4 and 5, respectively. It is to be understood that the 
presentation of this speci?c embodiment is no way in 
tended .to limit the present invention and is included only 
for illustrative purposes. 

In :FIG. 4, curved metal strips 130 and 140 serve as 
the arms of the V and have a Width T as shown in FIG. 5. 
These curved metal strips 130 and 140 are supported in a 
desired curvature by rigid supporting members 135 and 
145, respectively, suitably attached to the ends thereof. 
These rigid supporting members 135 and 145 may be 
either conductive or non-conductive, since substantially 
no radiated energy exists outside the region between the 
strips 130 and 140. 
As in the antennas of FIGS. 1-3, the metal strips 130 

and 14% become parallel ?at portions 132 and 142 at the 
apex of the V. The distance between these portions 132 
and 142 is indicated at W0. However, unlike the an 
tenna systems of FIGS. 1-3 which employ a balanced two 
wire feed line, the speci?c embodiment of FIGS.4 and 5 
employs a coaxial feed instead. A coaxial input connector 
is shown at 182 having its outer conductor making elec 
trical contact with the metal strip portion'142 and its 
center conductor 180 insulated therefrom and passing 
between the parallel portions 132 and 142 to make elec 
trical contact with the metal strip portion 132. 

Since the V-strip antenna requires a balanced feed 
arrangement, a balun, indicated at 175 in FIG. 4, is em 
ployed to convert the unbalanced coaxial feed into an 
eifective balanced feeding arrangement. The use'of a 
balun for converting an unbalanced feed into a balanced 
one is well known in the art and its design for use in 
FIG. 4 will be clearly understood. The impedance of 
the balun 175 is chosen in conjunction with the input 
impedance of the V-strip antenna and the characteristic 
impedance of the coaxial line (not shown) to be con 
nected to the connector 182 so that the voltage-standing 
wave-ratio (VSWR) is made as small as possible over 
the operating frequency band. 

In obtaining satisfactory operation of the balun 175 
over the large frequency bandwith of the antenna of 
FIGS. 4 and 5, it has been found useful to choose the 
width E of the balun 175 relatively Wide of the order 
of 0.2 of a wavelength at the high frequency end of the 
band. Also, the characteristic impedance of the balun 175 
is chosen of the order of 3 or 4 times the characteristic 
impedance of the coaxial feed line. With the balun 
chosen in this manner it will be able to radiate, so that its 
input impedance which is in parallel with the coaxial feed 
line, never becomes small enough to have any appreciable 
shorting effect. The balun 175, therefore, will be able 
to operate satisfactorily over the necessary frequency 
range. 

Structurally, the balun 175 could be provided integral 
ly with the metal strip portions 132 and 142, or could be 
provided separately and suitably mounted to the support 
ing members 135 and 145 in any convenient manner. 
Also, it is to be understood that if desired, a balanced two 
wave feed line could be employed in place of the coaxial 
feed line and balun in the same manner as shown in 
FIGS. 1—3. 
The electromagnetic lens in the speci?c embodiment of 

FIGS. 4 and 5 comprises an arrangement of thin metal 
elements 150 similar to that shown in FIG. 3 and sup 
ported on nylon cords 55. In the embodiment of FIGS. 4 
and 5, however, the metal elements 150 are conductive 
metal portions coated at appropriate spacings on thin 
strips 155 of insulative material such as mylar. These 
thin strips 155 are stretched between the metal strips 130 
and 140 and are bonded thereto by a suitable adhesive 
indicated at 151. In the particular embodiment shown, 
the metal strips 150 are all the same size having an E 
,plane width e and an H-plane width k, and the strips 155 
are set at equal distances D from one another, the ?rst 
eight strips having ?ve symmetrically located metal ele 
ments 150 coated thereon, while the remaining four strips 
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155 .near the apex have three metal elements 150 coated 
thereon. The spacing between the center metal element 
150 and the adjacent metal elements 150 on both sides 
thereof is indicated as G, while the spacing between each 
end metal element 150 and the adjacent metal element 150 
is indicated as I (see FIG. 5). The ?rst strip 155 from 
the apex is spaced from the center portion 180 by an 
amount approximately equal to 35L, where L is the length 
of the supporting members 135 and 145. 
For illustrative purposes, speci?c dimensions will now 

be given for an antenna constructed in accordance with 
the embodiment of FIGS. 4 and 5 for the frequency range 
of 150 to 1500 megacycles having wave lengths of 79 
inches to 7.9 inches. Letter dimensions correspond to 
similarly designated dimensions in FIGS. 4 and 5. 

Length L of members 135 and 145 __ 48 inches. 
Width T of metal strips 130 and 

140 _________________________ __ 3.0 inches. 

Spacing We of metal strip portions 132 
and 142 _____________________ _._ 0.5 inch. 

Width E of balun 175 ____________ __ 1.6 inches. 
Length S of balun 175 ___________ __ 4.4 inches. 
Distance b between center portion 180 

of coaxial connector 182 and be 
ginning of balun 175 __________ __ 

Spacing D between mylar strips 155 ..._ 
E-plane width e of metal elements 

0.3 8 inch. 
2.3 inches. 

150 ________________________ __ 1.5 inches. 

H-plane width k of metal elements 
150 ________________________ __ 4.0 inches. 

Separation G between metal elements 
150 ________________________ __ 0.37 inch. 

Separation J between metal elements 
150 ________________________ __ 1.0 inch. 

Equation of curved metal strips 130 
and 140 _____________________ __ Y2=_~36(W—‘W0)v 

Characteristic impedance of coaxial 
feed line ___________________ _.. 50 ohms. 

From the above and from the 60 degree aperture angle 
of FIGURE 4 it can be seen that the projected length 
along the bisecting axis between metal strips 130 and 140 
is equal to approximately 50 percent of the maximum 
wavelength. That is, cos 60° (48”) =53% (79"). The 
width of the strips is equal to approximately 3.8% of 
the maximum wavelength of the signal. These di 
mensions are critical because they provide an antenna 
which has the minimum possible length of about one 
half wavelength and the maximum possible waveband. 

In an antenna ‘constructed with the above listed di 
mensions, the curves shown in FIG. 6 were obtained 
over the frequency range from 100 to 1500 megacycles. 
It will be seen from FIG. 6 that less than 1.5 decibels 
re?ection loss (due to impedance mismatch) is obtained 
over the total 150 to 1500 decade bandwidth, and for 
most of the band is less than 0.5 decibel. Also, it can 
be seen that the voltage-standing-wave-ratio (VSWR) is 
quite good over the entire frequency band and can be 
reduced further by more careful design, such as by taper 
ing the center conductor 180 of the coaxial connector 182 
to a diameter of 1/2 inch so as to limit the series inductance 
at the feed. 

In FIG. 7 the E and H plane radiation patterns which 
have been obtained for the embodiment of FIGS. 4 and 5 
with the above listed dimensions are shown for fre 
quencies of 300, 600, 1,000 and 1,400 megacycles. These 
radiation patterns clearly demonstrate the broad band 
unidirectional operation achieved in accordance with this 
invention. The gain over the band can be derived by 
realizing that the gain is proportional to the inverse of 
the product of the E and H plane beamwidths. [By so 
doing, it will be seen that the gain of the antenna ranges 
from about 7 decibels at the low frequency end to about 
17 decibels at the high frequency end. 

It will be understood that the metal strips making up 
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the arms of the V and the metal elements of the lens may 
be made up of a metal mesh instead of being solid as il 
lustrated in the drawing, the electrical characteristics 
being substantially identical. Where the antenna is to be 
used outdoors and/or rotated, the use of such metal mesh 
will signi?cantly cut down wind resistance. Also, con 
siderable savings in weight may be possible. The terms 
metal strip and metal elements, therefore, are intended 
to include the use of a metal mesh or any other type of 
metal strip or element structure which is substantially 
equivalent electrically. 

It will be apparent that the embodiments of the inven 
tion described herein are subject to many possible mod 
i?cations and variations in ‘construction and arrangement 
without departing from the spirit 'of this invention. The 
invention, therefore, is to be considered as including all 
such modi?cations and variations coming Within the 
scope of the invention as de?ned in the appended claims. 

I claim as my invention: 
1. A unidirectional broad band antenna system com— 

prising a generally V-shaped antenna having angularly 
disposed metal strips as radiating elements, the angle be 
tween said metal strips being about 60 degrees, the ?at 
portions of said strips substantially facing one another, 
the width of said strips being substantially constant 
throughout their lengths and being sui?cieut to achieve 
unidirectional operation, and dielectric phase correction 
means disposed in the region between said metal strips. 

2. The invention in accordance with claim 1 wherein 
said phase correction means comprises a plurality of 
metal elements having a predetermined arrangement in 
the region between said strips. 

3. The invention in accordance with claim 2 wherein 
each of said metal strips has a parabolic curvature. 

4. The invention in accordance with claim 3 wherein 
said metal strips are ‘of the order of one-half wavelength 
at the low frequency end of the operating band. 

5. A unidirectional broad band antenna system com 
prising a general-1y V-shaped antenna having angularly 
disposed metal strips as radiating elements, the angle 
between said metal strips being about 60 degrees, the ?at 
portions of said strips substantially facing one another, 
the ‘width of said strips being substantially constant 
throughout their lengths and being suf?cient to achieve 
unidirectional ‘operation, means exciting the V-shaped 
antenna at its apex so that the currents developed in the 
metal strips are concentrated on the inside surfaces there 
of and phase correction means operativcly connected to 
and disposed between said metal strips. 

6. The invention in accordance with claim 5 wherein 
said means exciting the V-shaped antenna comprises co 
axial feed means at the apex of the V-shaped antenna and 
a balun cooperating therewith to convert the coaxial feed 
to a balanced feed for the antenna. 

7. A unidirectional broad band antenna system com 
prising a generally V-shaped antenna having curved an 
gularly disposed metal strips as radiating elements, the 
flat portions of said metal strips substantially tacing one 
another, said metal strips having a generally parabolic 
curvature and a length of the order of one-half wave 
length at the low frequency end of the operating fre 
quency band, the width of said strips being substantially 
constant throughout their lengths and being su?icient to 
achieve unidirectional Yoperation, the angle between said 
metal strips (being about 601 degrees, means exciting the 
V-shaped antenna at its lapex so that the currents devel 
oped in the metal strips are concentrated on the inside 
surfaces thereof, and dielectric phase correction means 
disposed in the region between said metal strips so as to 
extend the range ‘of operation at the high frequency end 
‘of the operating frequency band, said phase correction 
means comprising a plurality of metal elements in a pre 
determined arrangement in said region. 

(References on following page) 
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