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physically embodied as a small filament, extending upwardly 

(54) EENT ANTENNA from a ground plane into connection with the top of a small 
laims, wing Figs. passive resistor in turn extending downwardly to the ground 

(52) U.S.Ch....................................................... 343/739, plane. This filament lies in a single plane and produces linearly 
343/830, 343/845 polarized radiation in such plane, with maximum radiation in a 

51 int. Cl......................................................... H01q 11/02 predetermined direction in such plane and elliptically 
50) Field of Search............................................ 343/705, 

708, 7.11-713,739,741, 825,829,830,845, 846 

/7 N N S. 
NM 6 

N42Z. 

polarized radiation in other planes but still with maximum 
radiation in a single direction. 
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END-LOADED FLAMENT ANTENNA 
This is a continuation-in-part of my copending U.S. Pat, ap 

plication Ser. No. 725,987 filed May 2, 1968, now abandoned 
for 'End-Loaded Filament Antenna.' 

BACKGROUND OF INVENTON 

An almost innumerable number of different antenna struc 
tures and arrays have been developed for particular trans 
mitting and receiving purposes. One general type of antenna is 
that commonly denominated as a directional antenna. In this 
general field there are known various methods and means of 
producing directional radiation, as, for example, by the utiliza 
tion of resonant antenna structures. For many, and in fact for 
most, antenna applications, it is considered desirable to sim 
plify the structure and to minimize the physical dimensions. 
Conventional directional antennas do incorporate a substan 
tial complexity and normally have a substantial size. Although 
antennas of the general type termed "electrically small anten 
nas' are known in the art, it has heretofore been considered 
that such antennas are not applicable for directional propaga 
tion or reception. 
Although not directed to the field of directional radiation, 

there have been developed certain shortened, or miniaturized 
antenna structures, which superficially resemble the structure 
of the present invention. Thus, for example, U.S. Pat. No. 
2,994,876 to Josephson discloses an ultrashortwave antenna 
comprising a folded unipole loaded with an impedance to thus 
establish a displaced feed point. U.S. Pat. No. 3,295,137 to 
Fenwicket al. teaches the use of ferrite discs disposed about 
the grounded leg of a short, folded antenna structure for in 
proving radiation efficiency. These above-noted patents are 
only exemplary of a large number of patents in the field relat 
ing to miniaturization of antenna structures, however, they are 
to be distinguished from the present invention. 
An important aspect of the present invention is the limited 

physical size thereof and in this respect the term "electrically 
small' is employed herein. Although this term has been previ 
ously employed in the art, it appears that the definition thereof 
is quite variable and thus for the purpose of the present inven 
tion it is taken to mean a length of the order of one-tenth free 
space wavelength at the highest operating frequency of the an 
tenna and no more than two-tenths of such wavelength. This 
limitation upon the size is obtained herein from a determina 
tion of far-field vector potentials and an arbitrary toleration of 
a 5 percent error in the vector field of the filament segment 
carrying a quasi-constant current. Thus as herein employed 
the term "electrically small' is taken to mean a length not in 
excess of 0.20 of the free space wavelength at the highest 
operating frequency of the antenna. 

It is recognized that electrically small antennas are known in 
the art having frequency independent radiation patterns, how 
ever, such radiation patterns usually vary as a cosine function. 
The electrically small antenna of the present invention is also 
frequency independent but produces a radiation pattern hav 
ing a maximum in a predetermined direction to maintain a 
beam tilt or direction. 

SUMMARY OF INVENTION 

The present invention comprises an electrically short fila 
ment disposed in extension from and across a ground plane. In 
describing the invention it is convenient under certain circum 
stances to consider the ground plane as being horizontal how 
ever, with regard to theoretical considerations, certain 
identified portions of the following description of the inven 
tion employs a vertical ground plane. It is to be appreciated 
that the physical location or orientation of the ground plane 
from which the antenna of the present invention extends is not 
germain to the invention itself, however, as noted above, it is 
convenient for the purposes of explanation to locate the 
ground plane in the horizontal or vertical direction in order to 
be able to employ commonly used descriptive terms with rela 
tion to the direction of extension of elements, fields and the 
like. 
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2 
Considering the ground plane to be horizontal, the present 

invention is then comprised of a thin filament radiator extend 
ing vertically through the ground plane out of electrical con 
tact therewith and across a portion of the ground plane to a 
terminus. An end-loading resistor is electrically connected 
between the outer terminus of the filament radiator and the 
ground plane. A feed point is established where the filament 
radiator extends through the ground plane and this may, for 
example, be comprised of a coaxial cable having the sheath 
thereof electrically connected to the ground plane and the 
central conductor thereof connected to the end of the fila 
ment radiator. 
The filament radiator and resistor of the present invention 

are disposed in a single plane and for the purposes of the fol 
lowing derivations and description it is convenient to consider 
this filament radiator as having an L-shaped configuration 
with one leg extending perpendicularly through the ground 
plane out of contact therewith and the other extending paral 
lel to the ground plane to the above-noted end-loading re 
sistor. The present invention provides for establishing a 
directional radiation pattern in the plane of the filament radia 
torthereof and having a maximum radiation in such a plane in 
a direction away from the end-loading resistor. 
The invention may be readily understood as to the beam 

radiation pattern thereof by considering the antenna both as a 
top-loaded monopole radiator and as a loop radiator. The 
radiation pattern for a top-loaded monopole extending from 
the ground plane is a lobe above the ground plane in each of 
the two quadrants in the principal plane of the monopole. It is, 
however, to be appreciated that the phase of radiated energy 
is opposite in the two above-noted quadrants. Considering the 
invention as a loop antenna it will be appreciated that there is 
produced a single relatively hemispherical lobe of radiation 
above the ground plane centered about an axis of the upright 
portion of the lobe extending from the ground plane and hav 
ing the same phase in all portions of the lobe. Addition of 
these two monopole and loop radiation patterns causes a 
phase addition in one quadrant of the principle plane and a 
phase subtraction in the other quadrant thereof so as to 
achieve a directivity of radiation. This directivity of radiation 
from the antenna of the present invention is a function of the 
surge impedance of the antenna, considered as a transmission 
line, and the end-loading resistance. 

DESCRIPTION OF FIGURES 
The present invention is illustrated as to particular 

preferred embodiments thereof in the accompanying drawings 
wherein: 

FIG. 1 is a schematic illustration of a preferred embodiment 
of the present invention; 

FIG. 2 is a perspective view of a preferred embodiment of 
the present invention; 

FIG. 3 is a schematic illustration of the invention with 
reference axes and indicated angles and dimensions as em 
ployed in the derivation of antenna formula in the following 
description of the invention; 

FIG. 4 is a wholly schematic illustration of the invention 
comprised as a two-wire transmission line including a reflec 
tion circuit in the ground plane of the antenna; 

FIG. 5 is a series of schematic illustration showing radiation 
patterns of a monopole antenna, a loop antenna and the com 
bination thereof such as occurs in the present invention; 

FIG. 6 is a plot of radiation pattern in the E-plane of an an 
tenna formed in accordance with the present invention; 

FIG. 7 is a schematic representation of an alternative em 
bodiment of the present invention; and 

FIGS. 8 and 9 are plots of relationships between radiation 
and reflection coefficient of the antenna, 

DESCRIPTION OF PREFERREDEMBODIMENTS 
Referring first to FIG. 1 of the drawing, it will be seen that a 

preferred embodiment of the present invention comprises a 
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filamentary radiator 11 having first and second sections 12 
and 13 extending perpendicularly to each other. These two 
filament sections 2 and i3 are contiguous, and the total 
length of the filament is made equal to or less than two-tenths 
of the free-space wavelength of the highest frequency of ener 
gy to be radiated from or received by the antenna. This radia 
tor 11 is mounted in extension above an electrically conduct 
ing ground plane, illustrated as a grounded metal plate 4, and 
may be fed from a coaxial cable 16. This coaxial cable has the 
outer conductor 7 thereof electrically connected to the 
ground plane 14, and the inner conductor 18 thereof con 
nected to the free end of the antenna-filament section 12, as 
indicated. 
A further portion of the present invention is a passive end 

loading impedance 19, such as a carbon resistor, electrically 
connecting the free end of the antenna-filament section 3 to 
the ground plane. It will thus be seen that there is provided a 
complete electrical circuit from the center conductor 18 of 
the coaxial cable through the radiator 11 and the resistor 19 to 
the ground plane 14, and thence back to the outer conductor 
17 of the cable 14. As illustrated in FIG. 1, the plate 4 may be 
considered as lying in a horizontal plane with the filament sec 
tion 12 extending vertically therefrom, and the filament sec 
tion 13 being disposed horizontally in parallelism with the 
plate 14 above same a distance equal to the length of the fila 
ment section 2. These conventions are only taken herein as 
convenient for purposes of description, for, of course, the 
ground plane may be oriented in any desired manner. It is con 
sidered herein that the antenna shall be energized, as through 
the coaxial cable illustrated, to thereby cause a current to flow 
in the filament, or radiator 11 for the radiation of electromag 
netic waves therefron. It is furthermore considered that the 
passive impedance 19 is a pure resistor that ideally does not 
radiate electromagnetic waves. This latter assumption is sub 
stantially correct, and it is noted that the resistor is also chosen 
to provide an impedance match. 
A practical mounting of the present invention is illustrated 

in FIG. 2, wherein the filamentary radiator 1 is shown to be 
disposed in a shallow metal tray 21 with the filament section 
12 extending perpendicularly upward from the bottom surface 
thereof. A coaxial-cable connector 22 is mounted on the un 
derside of the tray 21, with the filamentary radiator electri 
cally connected to the center conductor thereof and the tray 
connected to the outer conductor thereof. The end-loading re 
sistor 9 is illustrated to be physically connected between the 
free end of the radiator section 13 and the upper surface of the 
tray floor. It is particularly emphasized at this point that the 
tray 21 serves only as a ground plane, like the plate 4 of FIG. 
1, and does not otherwise contribute to the directional proper 
ties of the present invention. Furthermore, the tray may be 
filled with absorbing material to prevent the tray from causing 
unwanted radiation. 

Considering the radiation pattern about the antenna of the 
present invention, reference is first made to FIGS. 3, 4 and 5 
in conjunction with the following considerations. 

First, insofar as general considerations are concerned, it is 
noted that the present invention, particularly as described 
above, may be considered both as a top loaded monopole 
radiator and as a loop radiator. This general approach to the 
problem is of assistance in attaining a basic understanding of 
the manner in which directivity of the radiation pattern is at 
tained hereby. Referring to FIG. 5 it will be seen that a top 
loaded monopole antenna will produce a radiation pattern 
having two lobes having opposite phase angles, identified in 
the figure as -cy and -o and lying in the XY plane of the 
figure. Considering the invention as a loop antenna there will, 
in accordance with conventional theory, be produced a single 
lobe radiation pattern having a positive phase angle (3, as 
shown at FIG, Sb and also lying in the XY plane. A combina 
tion of these two antennas, i.e., top loaded monopole and 
loop, as separately indicated at FIGS. 5a and 5b, results in the 
antenna of the present invention wherein the phase of radia 
tion adds in the left quadrant of the figure, as indicated, and 
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4. 
subtracts in the right quadrant of the figure, also as indicated. 
This then consequently produces a directivity of radiation 
wherein the phase (3+o occurs in the X-Y quadrant and 
the phase (3-cy occurs in the -X --Y) quadrant. The illus 
trated radiation patterns of FIG. 5 are taken in the plane of the 
antennas illustrated with the different patterns and it is be 
lieved clear from this general approach to the invention that 
radiation in the plane of the antenna of the present invention 
does have a directivity in which the majority of radiation lies 
in a particular direction. 
With regard to a mathematical analysis of the antenna of the 

present invention it is convenient to consider the antenna 
hereof, including the mirror image of the antenna beneath the 
ground plane, as a transmission line. Currents in such a line 
may be arbitrarily separated into a constant and a variable 
mode. In order to arrive at a far field expression there may be 
first considered or derived the filament currents of the anten 
na. The filament radiator and resistor can be considered as a 
two-wire line fed by a balun incorporating the image currents 
below the ground plane, and in this respect reference is made 
to FIG. 4. The surge impedance of the two wire line for an air 
dielectric is 

Z=120 cos h'(2l)/d (l) 
where 2l is the center spacing between the lines and d is the 
conductor diameter. The total current I is found from the 
standard transmission line equation: 

F-I+ets--fieljk.8 (2) 
where 
I, I-incident and reflected current waves, respectively 
k-phase constant, 27tfM 
s-distance from load towards generator 

The reflection coefficient p is defined as: 
p=(Z-Z)/(Z--Z) (3) 

Where Z is twice the “end load' resistor Rt. and Z is defined 
in (1). From (2) and (3) it can be shown that: 
I=ft(1-p) Cos (ks)-i(1-p) Sin (ks) (4) 

Note that I, is the total current on the line from input to the re 
sistor. The current flowing into the resistor is I, where 

I = Ies-o- I (1-p) (5) 

If the assumption is made that I, is constant along the resistor, 
then (4) and (5) completely define the current at every point 
on the antenna, namely: 

FI for 5. O 
far for se-O 

By the principle of superposition, we will now define the cur 
rent as a sum of a constant and a variable term: 

Frt- (6) 
where 
I=f'(1-p) (Cos (ks)-1)-ij(1-p) Sin (ks) 
I=f'(1-p) (8) 

In effect, I, was subtracted from Is and then assumed to exist in 
the entire transmission line. In this fashion the current I forms 
a small square loop of constant magnitude, and the current I 
forms a small inverted L. monopole. The resistor is eliminated, 
and the far field becomes the sum of two fields generated by a 
monopole and a loop. 

Testing (7) for small arguments, after setting "=1.0 as a 
unit excitation current: 

I (ks-e) Ni(1-p)e 
where e-arbitrarily small number, the term (Cos (ks)-l 
converges faster to zero than does Sin (ks). Hence, for Small 
arguments: 

}o I-(1-p) 
i.e., the currents are in quadrature. Remembering now that for 
the same current, the far-field patterns of small loops and 
small monopoles are in quadrature, the patterns generated by 
the currents in (9) will therefore be approximately in the same 
phase, provided that ks remains small. This small argument ap 
proximation is the basic reason for the directive pattern of the 
present invention. 

(7) 
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Two further approximations are made to determine the cur 
rents used in calculating the far field. First, the two-wire line is 
defined to exist from the location of the resistor to the coaxial 
input point; secondly, the currents over sections of this line 
are averaged out. The first approximation states that the wire 5 
segment emerging from the coaxial line normal to the ground 
plane has a phase constant which, for small length, is approxi 
mately that of the two-wire line; the second approximation 
substitutes a constant quantity for small changes in sinusoidal 
functions. Both of these approximations affect only I. 10 

Letting the horizontal segment be m, and the vertical seg 
ment l, the total lengths of the transmission line varies O3S 
< (l+m). The average value of l in the horizontal section 
is: 
I-4(1-p) (Coskin-1)-j(1-p) Sin (km) (10) 15 

In the vertical section the average current is: 
I, (s=l-m) + I(s=m) 

I = - - 
I=%(1-p) cos(k(l--m)+cos (km)-2) 20 

--(1-p) sin k(l-l-m))--sin (km) 
(11) The constant term is as in (8): 

I=( i-p ) 
The currents in (10), (11) and (8) may be employed to deter- 25 
mine the far field expressions. 

In order to derive an expression for the far field radiation of 
the present invention it is convenient to establish a coordinate 
system such as illustrated, for example, in FIG. 3. It will be 
seen from reference to FIG. 3 that a three-dimensional x, y, z 
coordinate system is set forth therein with the ground plane in 
the xz-plane and the antenna of the present invention located 
in the xy-plane. In this illustration, as employed in the follow 
ing derivations, the feed point of the antenna, wherein the 
radiator passes through the ground plane, is taken to be a 
distance m/2 from y=0 in the xz-plane and the extent of the 
antenna from this plane to be defined as l in conformity with 
prior derivations wherein the term lidentified the extent of the 
L-shaped antenna from the ground plane. In addition to the 
foregoing, the conventions employed hereafter include the 
angled in the yx-plane and the polar angle 8 about the Z-axis. 
These angles are plainly marked in FIG. 3. In order to un 
derstand the following far field expression derived as a 
representation of the radiation of the present invention, it is 
noted that the current is considered to be flowing out of the 
coordinate m/2, 0, 0 toward the resistor R of FIG. 3. Follow 
ing the previously identified conventions, the current I flows 
from the above-noted point of the antenna in the positive y 
direction and thence in the negative x-direction. Consequently 
the filament current vectors of the antenna become, neglect 
ing I, are: 

30 
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Ul (12) 
IF U'r 

where, U, U. are cartesian unit vectors. 
The delayed vector potentials for the far field (noting that 

the current density I is identical to the linear current I for a 
constant diameter conductor): 

55 

ple ? IeikEyUrd (13) Ay= 4arr J0 ye Vidy 60 

uei kr - A. = 4tarr J. Ieikgx-Urdat 
2 (14) 

Note that integration proceeds along the filament from the 65 
input (x=+m/2, y=0) to the resistor (x=-m/2, y=l). Further 
note: 

U=U. Sin 6 Cos d--U. Sin 8 Sind--U, Cos 6 
Letting the current terms I and I be constants by (10) and 
(l 1), (13) and (14) become, respectively: 

jk sin 6 cos Iyeikre 2 (s 
Ay= 4rr 

70 

p . in a sin J. eit is 'in 'dy is is 

6 
Ie-ik r.ejk 8 in 6 sin is to 

A. = Y - - ejkx sin 6 co8 d.da 
+ 

(16) 
If we take the image currents into account, and carry out the 
integration: 

., jk sin 9 
A. uIle-kre S sin (kP sin 6 sin (b) 
y - 2r (kP sin 6 sin d) 

(17) 
A. 772. 
-ju Imettikr sin (kP sin 8 sin (b) sin (i. 2 sin 6 cos ) 

2r(k ; sin 8 cos ) 

Sin 8 Sind)/(kl Sin 8 Sind) may be disregarded for small ar 
guments of km and kl. Considering this point further, it is 
noted that by substituting the term x for kil Sin 8 Sind, the ex 
pressions which are disregarded may be considered as (Sin 
x)/x which can be expanded as follows: 

(Sinx)/x=1-(x/3)+... 
The quadratic approximation of this relationship under the 
conditions wherein the equation shall not substantially vary 
from that expressed by more than 5 percent is 

(Sinx)/x=1-x/31=1-0.05 
From this it is then possible to derive that x=0.56 and con 
sequently that the length of one portion of the antenna or fila 
ment radiator shall be no more than 0.09 Mofor a 1:1 ratio 
between height and length of the antenna radiator and Aois the 
free space wavelength at the operating frequency of the anten 
na. Considering that the aspect ratio i.e., the length to height 
of the radiator, which may be expressed as l/m, is 1:1, it then 
follows that the maximum length of the filament radiator is of 
the order of 0.20 Ao. In order to normalize this to operation of 
the present invention it is appropriate to consider that the 
highest operating frequency of the filament radiator of the an 
tenna, and such is hereinafter considered to be the case. It will 
of course be appreciated that arguments can be presented 
with regard to the proper delineation of the term "electrically 
small' particularly as related to a resonant antenna, however, 
in the present invention it is herein stated that the total fila 
ment radiator length shall be no greater than 0.20 A wherein 
A is the free space wavelength of the highest operating 
frequency of the antenna. 

Considering further equation (17) above, it is noted that the 
phase term may be disregarded. 
Constant terms common to all field quantities, such as pue 
/4ayar, and later (-jw), are also neglected: 
As2Il 
As-2.jIm Sin (kl Sin 8 Sind) (19) 

Transforming to the spherical coordinates: 
A=-2.j Sin (kl Sin 8 Singp) Cosd Cos 8-2Il Sind Cos 6 

(20) 
A=+2.jlm Sin (klSin 8 Sind) Sin d-2 Il Cos d (21) 

From Maxwell's equations we note that, for the far field case: 
E= E} E=-ics A (22) 

The total db-component will also include the field generated 
by the constant term 1: 

E (loop)=.jkln(l-p) Sin 6 (23) 
By making the proper substitution into equation (22) it is 

possible to obtain a relationship for the total E-field in terms 
of the real Re(E) and imaginary Im (E) portions thereof. 
E= Re (E)--im (E) Re(E) = -- 

m (1 + p) sin (km) sin db sin (kip sin 6 sin b)-- 
l(1-p) cos (b (cos k(P-m)+cos (km)-2 

Im. (E) = - 
m (1-p) (cos km.-1) sin is sin (kP sin 6 sin (b) -- 

(1-p)l cos is sink (P--m)-- sin (km)-- 
klm (1-p) sin 6 (25) 

(24) 
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In the same fashion: 

E = Re (E) -- Im (E) Re (E) = 
(1-p)l sing cos 6cos (k(P-- m)) -- cos (km)-2- 

m (1 -- p) cos b cos 6 sin (km) sin (kP sin 6 sin di) (26) 

Im (E) = -- 
l(1-p) sin is cos (sink (P--m)--sin (km)-- 

m (1-p)cos (km) - 1) cos d cos 8 sin (kill sin 6 sin (b) 
(27) 

As set forth above, the composite radiation pattern of the 
antenna of the present invention is reinforced in one direction 
in the principle plane of the antenna and electrically interferes 
in the other direction or quadrant of the principle plane. Upon 
the filament the currents add algebraically and the elec 
tromagnetic field generated by these currents adds vectorially. 
The principle of superposition applies under the assumptions 
that there are employed linear passive elements in an isotropic 
linear medium. Beam shaping is achieved by controlling the 
amount of energy the loop and the monopole radiate. This 
control is in fact executed by the magnitude of the loading re 
sistor R for a given filament thickness and height. it is be 
lieved to be apparent that as the resistance R is varied from a 
very high resistance value to a very low resistance value the 
radiation pattern in the principle plane will vary from a 
monopole pattern through stages of beam tilting to that of a 
loop antenna pattern. Reference is made at this point to FIGS. 
8 and 9 of the present application where there is illustrated the 
relationship between calculated principle plane radiation pat 
terns of Edd vs. p. (reflection coefficient). In effect beam con 
trol in the present invention comprises the attainment of a 
front to back ratio (FIB) which is a measure of the capability 
of the antenna of the present invention to radiate more energy 
into the preferred direction than into another direction in the 
principle field of the antenna. It is particularly noted that the 
F/B ratio is under the control of the resistor R. via the parame 
terp, as clearly established by FIGS. 8 and 9 hereof. 
As an aside to the foregoing it is noted that the previous cal 

culations imply an infinite flat ground plane. In practice it is 
realized that such a ground plane does not exist. The limited 
size of a practical ground plane tends to reduce the level of the 
pattern in the d=0 and p=180 direction. An actual applica 
tion of the present invention provides for control of the 
directivity of the radiation from the antenna of the present in 
vention. 
The equations defining the antenna radiation patterns are 

set forth above under equations (24), (25), (26), and (27). In 
sofar as a practical design equation for the filament radiator of 
the present invention is concerned, it may be considered that: 

- (2) Rt. (pl) Cosh-sil-ri; 
wherein l = the length of vertical filament segment in they 
direction of FIG. 3, d = filament diameter, R = value of re 
sistor 19, p = parameter which determines F/B ratio. y = medi 
um impedance (377-ohm for air). 

In order to employ the design equation set forth above in 
practice the parameters l and d are defined and then by 
reference to FIGS. 8 and 9 of the drawings hereof a desired 
F/B ratio is determined in order to yield a desired p. The equa 
tion set forth immediately above will then give the necessary 
magnitude of the resistance R. A practical equation resulting 
from the foregoing is that in which pro so that for a minimum 
of a 6 db F/B there results the equation 

A matter of practical importance is the relationship of the 
length m of the antenna sector 13 to the length l of antenna 
sector 12 of the invention. While it may be postulated that the 
relationship of these values could or should be il it has been 
found through experimentation that the relationship, herein 
termed the aspect ratio. is preferably of the order of 2:1 
wherein the portion of the antenna parallel to the ground 
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8 
plane is of the order of twice the length of portion of the an 
tenna perpendicular to the ground plane. 
There is produced by the antenna of the present invention a 

radiation pattern in the principle plane of the antenna which is 
directional. There is illustrated in F.G. 6 a plot of relative 
power radiated at different angles in the E-plane or principle 
plane of the antenna for a typical end loaded filament antenna 
in accordance with the present invention. It will be seen from 
this figure that maximum power in this instance is radiated at a 
tilt angle to a perpendicular through the center of the antenna 
and that such angle is of the order of 41. 

It will be seen from the foregoing description of a single 
preferred embodiment of the present invention and derivation 
of relationships in accordance with this invention, that the 
end-loaded filament antenna hereof has directional properties 
of predeterminable degree. The structure of this antenna is 
maintained extremely small, and the structure is extremely 
simple. The illustrated embodiment of the present invention 
provides a tilted radiation pattern in the principle plane of the 
filament radiator, and the directivity of radiation is dependent 
upon the resistance of the end-loading filament in relation to 
the extent of the filament above the ground plane and the 
diameter or thickness of the filament radiator itself. 
The embodiment of the invention described above com 

prises a filamentary radiator having an L-shape with the por 
tions being at right angles to each other. The far-field summa 
tion of radiation from this configuration is substantially the 
same as would be produced from a filamentary radiator ex 
tending at an angle between the two ends of the radiator por 
tions of FIG. 1. Substantially the same theoretical considera 
tions are involved as those presented above. Thus in FIG. 7 
such a configuration is shown wherein a radiator 3 is shown 
to extend substantially from a ground plane 32 at an angle up 
wardly from an opening therein to a termination at the top of a 
small passive resistor 33 having the bottom end connected to 
this ground plane. Such a radiator may be energized in the 
same manner as the radiator of FIG. 1, as by forming the 
radiator as an extension of the central conductor of a coaxial 
cable having the outer conductor thereof connected to the 
ground plane. It will be appreciated that radiation from such a 
filament 31 may be considered as emanating from the 
hypotenuse of a triangle with the vertical and horizontal por 
tions thereof, as indicated by dashed lines in FIG. 5, and occu 
pying substantially the same location as the legs 12 and 13 of 
the radiator of FIG. ii. Thus, insofar as far-field summation of 
radiation is concerned, the embodiment of the invention illus 
trated in FIG. 7 is substantially the equivalent of that illus 
trated in FIG. I. 
With an embodiment such as shown in FIG. 7, consideration 

must be given, however, to fringe inductance and capacitance 
at the feed end of the radiator. With the radiator inclined, as 
illustrated, there results a smaller angle between the radiator 
and the feed cable and lesser spacing between the radiator and 
outer conductor of such cable on one side of the radiator. 
Thus this embodiment of the invention might be considered as 
one extreme variation of the configuration of FIG. I. Clearly, 
intermediate configurations are also possible such as, for ex 
ample, by extending the radiator upward some distance from 
the ground plane and then bending it at an angle less than 90 
to vertical for inclined extension to the top of the resistor 33. 
Clearly, also it is possible for the radiator to be curved in the 
principle plane rather than having a sharp angle bend, 
although it is to be appreciated that the more complex the 
form of the radiator, the more difficult it is to theoretically 
determine the radiation pattern and exact direction of max 
imum radiation. It is also to be noted that the extremely short 
length of the radiator militates against complex configura 
tions. Furthermore, any extension above the upper end of the 
resistor 33 will cause some radiation to occur toward the right 
of FIG. 7 and thus to produce a double-lobe radiation pattern 
which is not desired for a unidirectional antenna. 

Although the embodiment illustrated in FIG of the 
drawings is considered to be a preferred embodiment of the 
present invention it is to be appreciated that variations in con 
figuration of the filament radiator hereof within the limitations 
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set forth above are possible. The present invention does pro 
vide an electrically short antenna having directional radiation 
properties and thus combines the advantages of directional 
antennas and of miniaturized antenna structure. 
Although the present invention has been described above in 

connection with particular preferred embodiments thereof, it 
is not intended to limit the invention by the exact terms of the 
foregoing description or details of illustration. Reference is 
made to the appended claims for a precise delineation of the 
true scope of this invention. 

I claim: 
1. An improved filament antenna comprising: 
a means defining a ground plane, 
b. an electrically small filament having a length in the range 
of 0.05 to 0.20 free-space wavelength of the shortest 
wavelength of radiation propagated or received by the an 
tenna, 

c. a small passive resistor connecting one end of said fila 
ment to said ground plane, and 

d. feed means engaging the other end of said filament in the 
vicinity of said ground plane for passing a current through 
said filament, said filament extending upwardly from said 
ground plane to said resistor in a single principal plane for 
establishment of a radiation beam having a maximum in 
the principal plane and tilted away from the resistor. 

2. The antenna of claim 1 further defined by said feed 
means engaging said filament at a distance along the ground 
plane from the electrical connection of resistor and ground 
plane, whereby said filament extends along said ground plane 
and spaced therefrom. 

3. The antenna of claim 1 further defined by said filament 
having a length substantially equal to 0.10 wavelength at the 
highest operating frequency of the antenna. 

4. The antenna structure of claim 1 further defined by said 
filament extending no further from the ground plane than the 
height of the passive resistor. 

5. The antenna of claim 1 further defined by said filament 
having a first section extending substantially perpendicularly 
to said ground plane and a second contiguous section extend 
ing substantially parallel to said ground plane into connection 
with the top of said resistor and the length of the second sec 
tion being substantially twice as long as the length of the first 
section. 

6. The antenna of claim 1 having the filament thereof 
inclined with respect to said ground plane from the feed 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
means to the top of said resistor. 

7. An improved directional antenna comprising 
means defining an electrically conducting ground plane, 
an L-shaped radiator having a totallength no greater than 
0.20 wavelength and contiguous first and second sections 
substantially perpendicular to each other, 

means defining a feed point at said ground plane and engag 
ing the ground plane and engaging a first section of said 
radiator out of contact with the ground plane for applying 
energization between radiator and ground plane, said 
radiator having the first section extending substantially 
normal to the ground plane at the feed point and the 
second section substantially parallel to the ground plane, 
and 

an end-loading resistor connected to said ground plane and 
extending therefrom into connection with the free end of 
the second section of said radiator in the plane of said 
radiator, whereby said antenna has a radiation pattern 
with a maximum in the plane of the radiator and directed 
away from said resistor. 

8. The antenna of claim 7 further defined by the relation ship 
2ld = Cosh (R/120) 

wherein l is the length of said second section, d is the diameter 
of the filament and R is the resistance value of the end-loading 
resistor. 

9. An improved filamentary directional antenna comprising 
means defining a ground plane, 
a filamentary radiation having a first portion extending from 

said ground plane and a contiguous second portion of 
length extending along the ground plane out of contact 
therewith, and 

an end-loading impedance of resistance R connected 
between said ground plane and the free end of said 
second radiator portion, with the relationship between 
filament parameters being substantially defined by the 
relationship: 

-(2Y-Rr. (p-1) coal-(I)-l (p+1) 
wherein d is the filament diameter, l is the filament length, y is 
the medium impedance of the atmosphere surrounding the an 
tenna and p is the reflection coefficient of the antenna. 
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