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This invention relates fo transmitting and
receiving antennas and more particularly to short
wave antenna systems.

As is known V and double V antennas of the
type disclosed in Patent 1,899,419 to E. Bruce
and in the copending application of E. Bruce,
Serial No. 513,063, filed February 3, 1931, are ex-
tensively used in the short wave and ultra-short
wave fields. While, in radio systems utilizing an-
tennas of this type, undesired wave reflection ‘at
the junction of the line and antenna may be
satisfactorily eliminated by properly matching
the characteristic impedance of the line and the
impedance at the input terminals of the an-
tenna, reflection losses occur in the antenna
structure itself since the antenna conductors
are of necessity angularly related and, as a con-
sequence, the surge impedance varies from a
given amount at the input terminals to a much
larger amount at the point of widest separation
of the antenna conductors. In order to secure
equal surge impedances throughout the antenna,
the used of solid or multiwire antenna conduc-
tors, which taper in cross-sectional area so that
the ratio of the conductor spacing to the con-
‘ductor diameter remains constant, has been sug-
gested, as disclosed in Patent 1,959,407, E. Bruce,
May 22, 1934. While this method or arrangement
is in general satisfactory, the size of the conduc-
tor diameter required at the point of widest
separation is, in the case of large antennas, ex-
ceedingly large and impractical.

It is one object of this invention to increase
the efficiency of V and double V antennas.

It is another object of this invention to se-
cure a surge or characteristic immpedance of uni-
form varation in an antenna system compris-
ing diverging conductors having a fixed angular
relation.

1t is still another object of this invention to
match the impedances of a line and of an an-
tenna array comprising a horizontal V or dou-
ble V antenna and its image antenna.

According to one embodiment of the inven-
tion the side elements or conductors of a hori-
zontal V antenna are each of the multiwire type,
the diameter or width of the conductor at any
point being critically related to the spacing be-

tween the sides of the V antenna at said point .

and to the height of the antenna above ground,
and such that the surge or so-called character-
istic impedance of the antenna varies exponen-
tially from a small value at the near-end or line
terminals of the antenna to a larger value at
the widely separated terminals. In the case of
large V or double V multifrequency antennas
a practical cage diameter, as, for example, three
inches, may be selected for the point of widest
spacing, whereby a relatively low value of surge
impedance at said point may be obtained and,
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by properly proportioning the conductor diam-
eter along the antenna, a desirable small expo-
nential variation in impedance along the anten-
na may be obtained. In accordance with this
jnvention the conductor size is a maximum at
a point between the extremities of the conductor.
The exponential impedance variation gives a uni-
form rate of change of surge impedance herein-
after called “impedance taper” whereby no re-
flection is initiated at points along the antenna
and, assuming the antenna is properly termi-
nated, no refiection occurs from the end of the
antenna. In addition, the exponential imped-
ance taper provides a satisfactory surge im-
pedance variation over the normal operating fre-
quency band.

"The invention will be more fully understood
from a perusal of the following specification
taken in conjunction with the drawings on which
like reference characters denote elements of sim-
ilar function and on which:

Figure 1 is a perspective view of one embodi-
ment of the invention;-

Figs. 2 and 3 are, respectively, top and side
views of a slightly different embodiment of the
invention; and

Tigs. 4, 5 and 6 are curves useful in explaining -
the invention. .

Referring to Fig. 1 reference numerals | and
2 designate two horizontal V antennas connected
together at their widely separated terminals 3
to form a double V or rhombic antenna. The
V anterinas are positioned at a distance H/2
above the earth’s surface. As is known, each
V antenna may, if desired, be used alone as a
radiating or collecting system. Each V antenna
comprises the side cage elements or conductors
4 and 5 which are supported through insulators
6 by the guy wires T and poles 8 and between
which the spacing S varies. The near end ter-
minals 9 are connected by means of line 10 to
5 translation device |l and the far-end termi-
nals 12 are connected together through the ter-
minating impedance {8 which, as is well known,
functions to produce a unidirectional effect. Each
side cage element is of circular cross section and
comprises several, for example, six wires denoted
by numeral i4, the diameter d of each wire 14
being equal and uniform throughout the length
I, of the side conductor and the diameter D
of each cage being non-uniform, in accordance
with the invention, and as is explained more
fully below. Annular spacers 15 of different size
are utilized to secure the proper non-uniform
cage diameter and to maintain the wires in each
cage element equally spaced.

Referring to Figs. 3 and 4, these views illus-
trate a structure which is the same as that illus-
trated by Fig. 1 except that, the side elements 16,
(T are grid type instead of cage type. Thus the




2
wires 14, Fig. 3, in each element {6, {1 are in
the same vertical plane and the proper spacing
therebetween is obtained by means of different
size spacers 8. The width W of each grid con-
ductor is, for any given spacing S between the
side elements 18, approximately the same as the
diameter D of the cage conductor. The side view,
Fig. 3, of the conductors 16 and 17 is drawn
somewhat out of scale since, as will be explained,
the maximum dimension W has a maximum
value of slightly different from three inches
whereas the mean or average distance H/2 of the
system above the ground {9 is in the order of
sixty feet or more and the distance H between
the horizontal antenna and its image is in the
order of one hundred and twenty feet or more.
Considered in the horizontal plane passing
through the two V antennas | and 2, Figs. 2 and
3, the side elements 16, 17 are linear and the
structure, therefore, conforms to the preferred
geometric arrangement disclosed in the above-
mentioned copending application of E. Bruce.
Referring to Figs. 4, 5 and 6 the manner of
determining the variable diameter D of the cage
conductor for securing a uniformly changing
surge impedance will be explained. For the pur-
pose of this explanation it is assumed that the
line 13 has a characteristic impedance of 600
ohms, the side length L of the rhombic antenna
of Figs. 1, 2 and 3 is approximately 315 feet, the
distance H is approximately 124 feet and that the
acute angle between the side conductors of each
V antenna is approximately 28 degrees. Consid-
ering first the prior art V or double V antenna
having single wire side conductors, the surge im-
pedance Z for any point of the antenns is given
by the following equation, it being assumed that
the antenna is positioned over perfect ground

SH

Zz =120 IOgc R\/TZ—I-_H;]

1
that is

Z,=120log, S—60 1o (1+§—Z> @)

: °B e\
where R is the actual radius if the conductor is
cylindrical. If the conductor is of the cage type,
R is the radius of the ¢ylindrical conductor which
has the same capacity per unit length as the cage
conductor and is somewhat smaller than the cor-
responding actual cage radius; z is the distance
along the antenna axis Y—Y from the line ter-
minals 9; and e is the base of natural logarithms.

As shown by curve 20, Fig. 4, which is a plot
of Equation 1, for the prior art structure having
the dimensions specified above, the surge imped-
ance Z increases non-uniformly from 600 ohms
at the line terminals 9 to about 1200 ohms at the
widely separated terminals 8. More particularly,
the surge impedance comprising distributed ca-
pacity and distributed inductance rises sharply in
the neighborhoed of the closely spaced line ter-
minals 9, the ratio S/H, Fig. 4, being directly pro-
portional to the distance along the axis Y—Y
from the line terminals 9 and the distance H be-
ing a constant. In fact, the surge impedance
almost reaches its maximum value one-third the
distance down the antenna and as a result of the
abrupt change in surge impedance near the line
terminals 8 considerable reflection occurs. Mini-
mum or zero reflection along the antenna may be
secured by making the rate of change in surge
impedance uniform throughout the antenna and
this may be accomplished by causing the im-
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pedance to increase in accordance with the fol-
lowing exponential law or equation

Zy=2Zoeb* 3)

where Zo is the surge impedance at the line ter-
minals 9 and under the assumed condition, is 600
ohms; and b is the taper or rate change in im-
pedance per unit length of antenna. For a
smooth line comprising parallel conductors b=o
curve 22, Fig, 4, illustrates the uniform or straight
line impedance characteristic obtained when a
taper of 2 to 1 in 165 feet or 50 meters is utilized,
the shortest operating wave length being 50
meters. If the maximum or largest suitable im-
pedance taper, mentioned above, is used, the con-
ductor radius at terminals 3, at which point the
impedance is 1200 ohms, is of a practical size
and relatively small but the reflection from ter-
minals 3 is not a minimum since the exponential
taper is relatively large, and the larger the taper
the greater the reflection from the termination.
Stated differently, the smaller the taper the more
nearly the characteristic impedance approaches
the ideal pure resistance value. The reflection
may be decreased and, at the same time, a prac-
tical cage effective radius may be employed by
selecting arbitrarily a larger cage radius say,
three inches, for the side elements at the point
of widest separation whereby a smaller taper may
be used. After the determination of the imped-
ance at said wide point for conductors of the
selected radius, the diameter of each side con-
ductor may be proportioned to secure the par-
ticular impedance taper which, in a sense,
matches the relatively large impedance at the
widest terminals 3 to the much smaller imped-
ance at the line terminals 9. Thus, from Equa-
tion 1 the impedance Zx at the wide point is 715
ohins for the structure assumed and for an ef-
fective conductor radius of 3 inches at said point,
the facters R and S being known. The exponen-
tial taper b suitable for smoothly changing 715
ohms to 600 ohms is nex{ determined from Equa-
tion 2, the term x being given the value of 315
feet. With the taper b ascertained, the imped-
ance at any other point z along the antenna
may be determined from Equation 2 and the
corresponding effective conductor radius ascer-
tained from Equation 1. Curve 23, Fig. 5, illus-
trates the relation between the ratio S/H which,
as previously indicated, is proportional to z and
the effective conductor radius R. It will be noted
that the maximum radius for the side conductor
is at the inftermediate point corresponding ap-
proximately to S/H=0.7. This may follow in
part from the fact that the factor S varies from
a value smaller than the constant H to one larger
than H as the distance z increases and at some
intermediate point x, S=H. It should be noted
that every point on curve 28 represents a differ-
ent surge impedance as indicated by the imped-
ance scale, Fig. 5, on which, by way of example,
the values of 600, 645, 693 and 715 ohms are
given. Also, it may be observed that points 24
and 25 on curve 23 represent points along the
antenna conductors of different impedance but
of the same effective conductor radius.
Asindicated above the radius heretofore referred
to for the cage side conductor is the so-called “ef-
fective” radius. The actual conductor radius cor-
responding to the effective conductor radius may
be determined as follows. The Scientific Paper
No. 568, United States Bureau of Standards,
pages 586 and 593 gives the following relation for
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the effective and actual diameter of cage con-
ductors.

D,,=[d1rl—c 211 LoF sin %’7]1/" @
where d is the diameter of each wire. F is the
actual diameter of the circle on whose circum-
ference the wires are evenly spaced. = indicates
the product of factors with different values of k
from 1 to n—1. z=3.14. 7 is the number of
wires. kis 1,2, 3 up to n—L.

For n=4, 6 and 8 we have

Dy=1414 d% F% (6)
Ds=1.348 d% F% (8)
Ds=1.300 d% F% N

For effective diameters of the order of twelve
inches a practical cage appears to be six wires
of No. 10 B. & S. wire gauge. Fig. 6 illustrates
the relation between the effective and actual
diameters for such a cage conductor. An effec-
time diameter of 6.8 inches, the maXimum re-
quired by the exponential design corresponds to
an actual diameter of 10.8 inches which is prac-
tical and satisfactory. Referring again to Fig. 1
the cage conductors 4, 5 constituting the v an-
tennas | and 2 and comprising six wires, have an
sctual diameter D determined in accordance with
Equation 5. As previously discussed, if desired,
the six wires of each multi-wire side conductor
may be arranged in the same vertical plane to
form a grid conductor as explained in connec-
tion with Figs. 2 and 3. The grid conductor
modification or compromise is simpler and less
expensive both as to first cost and maintenance.

Although the invention has been described in
connection with certain types of antenna sys-
tems it is to be understood that it is not limited
to such systems. Moreover, conductors other
than cage or grid type, as for example, solid con-
ductors may be satisfactorily employed in prac-
ticing the invention.

What is claimed is:

1. An electrical conducting system comprising
angularly related straight conductors and having
an exponential distributed impedance taper, at
least one of said conductors having a given cross-

octional area at one of its exfremities and a
variable cross-sectional area along its length, the
variation in said area being dependent upon said
given cross-sectional area and the difference in
distributed impedance at the conductor extremi-
ties.

2. An electrical conducting system comprising
angularly related straight conductors and having
a given exponential distributed impedance varia-
tion or taper, at least one of said conductors hav-
ing a curvilinear variation in ecross-sectional
area, said variation being a function of the im-
pedance taper.

3. A V antenna comprising angularly related
multiwire conductors and having a uniformly
changing surge impedance, said conductors each
having a curvilinear variation in cross-sectional
area, the variation in cross-sectional area, the
variation being a function of the uniform change
in the spacing between conductors and a function
of the difference between the surge impedances
at the closely positioned and the widely spaced
conductor extremities.

4. A radio system comprising a horizontal V-
shaped aerial and a portion of the earth’s sur-
face, said aerial having an exponential variation
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in surge impedance and comprising angularly re-
lated conductors each having a non-uniform di-
ameter, the variation in diameter of each con-
ductor along the conductor length being depend-
ent upon said impedance variation and depend-
ent upon the variable relation between the dis-
tance separating said conductors and the distance
separating said aerial and said surface.

5. A horizontal antenna comprising a pair of
diverging straight cage conductors each having
an effective diameter at any point critically re-
lated to the ratio of the conductor spacing at
said point to twice the height of the antenna
above ground, whereby the surge impedance of
said antenna varies uniformly along the length
of said antenna.

6. A horizontal antenna system comprising an-
gularly related linear conductors each compris-
ing a plurality of wires, the effective conductor
diameter at any point being dependent upon the
ratio of the conductor spacing at said point to
twice the height of said antenna above ground,
whereby the rate of change in surge impedance
along said antenna is uniform.

7. A horizontal rhombic antenna comprising
two V-shaped sections, each V section comprising
two conductors, the effective diameter at any
point of each conductor being a function of the
ratio of the spacing between said conductors at
said point to twice the height of said rhombic an-
tenna, whereby the characteristic impedance
along each section varies exponentially.

8. A double V antenna comprising straight
multiwire conductors having a fixed angle de-
pending upon the length of said conductors, the
conductors each having an effective diameter in
the order of three inches at the point of widest
separation, a small diameter at the point of
minimum conductor spacing and a larger diam-
eter at a point intermediate said first-mentioned
points, and a translation device connected to said
antenna at the point of minimum spacing.

9. A method of minimizing reflection in a sys-
tem comprising angularly related cage conduc-
tors connected between a source and a terminat-
ing impedance, which comprises arbitrarily se-
lecting for the point of maximum conductor
separation a cage radius of practical size and
such as to render the difference in the surge
impedances at said point and at the point of
minimum conductor spacing relatively small, and
proportioning the radius of each cage conductor
so as to secure an exponential surge impedance
taper along said conductors.

10. A method of minimizing reflection along a
v antenna connected to a line and comprising
multiwire cage conductors of non-uniform di-
ameter, the conductors being positioned at a fixed
angle having a value dependent upon the con-
ductor length, which comprises selecting for the
widely separated terminals a practical cage. di-
ameter, ascertaining the impedance at said ter-
minals and the impedance at the antenna ter-
minals connected to said line, selecting a value
of exponential impedance taper or rate of imped-
ance change for said antenna to match said im-
pedances, determining from the asecrtained ex-
ponential taper the effective conductor diameter
at various points along the diameter and utilizing
non-uniform conductors, each having an actual
non-uniform diameter related to the ascertained
effective non-uniform diameter,
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