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[57] ABSTRACT 

This invention relates to antennas and more particu 
larly to a wire antenna which is multiply-loaded to 
provide wide band characteristics. By virtue of its 
novel construction and design, the antenna of this in 
vention will maintain an input impedance value which 
changes very little over an extended frequency band. 
Furthermore, single beam omnidirectional radiation 
patterns can be maintained over a wide band. 

10 Claims, 12 Drawing Figures 
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WIRE ANTENNA MULTIPLY-LOADED WITH 
ACTIVE ELEMENT IMPEDANCES 

BACKGROUND OF THE INVENTION 

The need for antennas possessing wide band charac 
teristics has existed for several years and will become 
more acute as the complexity of electronic systems 
continues to increase. This was demonstrated dramati 
cally by the widespread application of log-periodic an 
tennas almost immediately after their invention in the 
late 1950’s. However, numerous applications for wide 
band antennas remain that are not satisfactorily met by 
previously-known log-periodic structures. This is par 
ticularly true in the area of portable communication 
systems where it is not possible or perhaps just not con 
venient to transport a large antenna array. In some such 
antenna applications, directivity is sacri?ced for porta 
bility. 

Low-directivity or omnidirectional radiation patterns 
are often obtained by using simple linear radiators such 
as dipoles and monopoles. The simplest of these are 
made from thin conductors and, as a consequence, 
have rather narrow band properties. The center 
frequency of the operating band usually corresponds 
either to a self-resonance of the thin-wire antenna or to 
a tuned resonance obtained by adding loading elements 
to the basic radiator. An example of a loading element 
is the familiar top-load consisting of a disc or a number 
of radial wires. Alternatively, a monopole antenna may 
be base loaded by placing an inductor at the input ter 
minal. Or some advantage may be obtained by placing 
the inductor at an intermediate point between feed 
point and tip of a monopole. Usually, these loading 
techniques result in the antenna being useful across a 
narrow band which is, at most, only a few per cent of 
the operating frequency. An exception occurs in the 
case of loading with resistive elements. This tends to in 
crease the bandwidth at the expense of ef?ciency and 
consequently must be avoided in most applications. 

SUMMARY OF THE INVENTION 

This invention provides an antenna which is mul 
tiply-loaded by devices, each having a reactance which 
is negative in sign and increases with increasing operat 
ing frequency. An antenna according to this invention 
may be made up of lengths of conducting radiating ele 
ments or sections connected in series by lumped load 
ing elements which are preferably purely reactive to 
maintain high ef?ciency. A novel feature of the inven 
tion is the use of active loading elements which 
produce a desirable reactance versus frequency varia 
tion. 
An exemplary antenna embodiment of the instant in 

vention includes a plurality of lengths of conducting 
wire and a plurality of two-‘terminal lumped elements 
which are predominantly reactive. The frequency de 
pendence of each reactance over at least some portion 
of the operating band corresponds approximately to a 
negative inductor, i.e. 

where X L is the reactance, m is the radian frequency 
and [is a constant representing the inductance. The 
wire sections are preferably aligned end-to-end with a 
small gap between the ends of the adjacent wire sec 
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tions. One end of each section of wire is connected to 
one terminal of a reactive element and the other end to 
a terminal of another reactive element with the excep 
tion of the innermost terminal of the innermost wire 
section which becomes an input terminal and the outer 
most terminal of the outermost wire section which is 
left unconnected. A balanced antenna is comprised of 
two of the structures described above which are then 
fed from a two wire balanced line at the input ter 
minals. Alternately, a single structure may be fed 
against a ground plane or other ground structure as an 
unbalanced antenna. The former arrangement cor 
responds to a dipole; and the latter, a monopole. 
The distribution of the active elements along the wire 

may be somewhat arbitrary. However, two particular 
distributions are preferred. In one case, the wire sec 
tions are all of the same length; the loading is periodic. 
In the other case, the length of wire sections increases 
with distance from the feed point. A preferred spacing 
between loads is log-periodic, i.e., each wire section is 
shorter than an adjacent one by the same factor which 
is usually denoted by the Greek letter tau (1). The 
lengths of wire sections thus form a geometric progres 
sion with the shortest at the input end and the longest at 
the outer end. 
The con?guration of the electrical network which is 

used to produce the desired reactance is immaterial in 
sofar as operation of the antenna of this invention is 

, concerned. However, an active network is required and 
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the power supply for each element is preferably self 
contained to avoid coupling between the thin-wire an 
tenna sections and any additional conductors which 
might be needed to provide for power distribution. One 
network which will produce the desired reactance 
variation is a negative-impedance converter (NIC), a 
four-terminal device which displays at the input ter 
minal pair the negative of the impedance which is con 
nected to the output terminal pair. When terminated in 
a conventional inductance Lthe input reactance of the 
NIC will be as given in the formula above. 
From the description herein, it will be appreciated 

that the present invention provides an'easily portable 
antenna having broad band impedance and pattern 
characteristics which may be simply constructed from 
wire and small active two-terminal electrical networks. 
The active two-terminal electrical networks are 
preferably distributed along and connected in series 
with a thin-wire in a log-periodic manner. 
The invention will be better understood from the fol 

lowing detailed description thereof taken in conjunc 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a schematic diagram of a balanced 
antenna constructed in accordance with the principles 
of the instant invention; 

FIG. 2 is a schematic diagram of an unbalanced an 
tenna constructed in accordance with the principles of 
the instant invention; 

FIG. 3 shows a more detailed diagram of a technique 
for realizing the negative inductive reactance used with 
antennas of the instant invention; 

FIG. 4 shows on a Smith Chart a plot of antenna im 
pedance versus frequency for a typical thin-wire dipole; 
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FIG.v 5 shows a plot of antenna impedance versus 
frequency which is typical of what may be achieved by 
an antenna designed according to the principles of the 
instant invention; 

FIGS. 6a, 6b, 6c, 6d, 6e and 6fshow calculated values 
of current versus location on a typical antenna of this 
invention for several different frequencies. 

FIGS. 7a, 7b, 7c, 7d, 7e, 7f, 7g and 7h show calcu 
lated radiation patterns of the antenna having current 
distributions corresponding to those shown in FIG. 6. 

DETAILED DESCRIPTION OF THE PREFERRED . 
EMBODIMENTS 

' In FIG. 1, an exemplary antenna 10 is shown which is 
designed in accordance with the principles of the in 
stant invention and which is comprised of a plurality of 
thin-wire sections wherein sections 11a—15a comprise 
one half of the antenna and sections 1 lb-lSb comprise 
the other half, and a plurality of two-terminal electrical 
networks 16~l9 (a or b) which are connected in series 
with the wire sections, l6a-l9a being connected in one 
half of the antenna and 16b-l9b to the other half. Each 
terminal of each electrical network 16-19 is connected 
to one end of a thin wire section. The innermost ends of 
sections 11a and 1 lb are closely spaced to provide the 
input terminals of the antenna as illustrated. The outer 
most ends of sections 15a and 15b are left uncon 
nected. ' 

In the preferred embodiment of the antenna the 
lengths of any two adjacent wire sections on each half 
of the antenna are related by a constant, 1', which is less 
than one, and the two halves of the antenna are identi 
cal to provide for perfect symmetry and balance. How 
ever, neither of these requirements is essential to 
achieve substantially the bene?ts of the invention and 
signi?cant departures in construction may be made 
without materially affecting the antenna performance. 
FIGQZ shows what is substantially one-half of the 

balanced antenna of FIG. 1 together with a ground 
plane 20. This unbalanced version of ‘the antenna is fed 
by a coaxial cable 30 with outer conductor connected 
to the ground plane 20 and inner conductor connected 
to thefree end of wire section 1 la. . 

FIG. 3 shows how a negative-impedance converter 
31- can be used together with an inductor 32 across the 
output terminals to achieve reactance with frequency 
dependence of inductive reactance but opposite in sign 
which is suitable foruse as the two-terminal networks 
16—l9_and, to this end, is provided with a pair of ter 
minals 34 for series connection with a thin wire or the 
equivalent. Since negativev impedance converters are 
known to the art, a detailed description thereof will not 
be presented here. ' - 

.FIG. 4 shows how the input impedance of a typical 
thin-wire dipole changes appreciably with frequency 
when operated over an extended frequency band. The 
dots on the impedance locus correspond to various. 
values of L/A‘where L is the half-length of the dipole 
and A is the wavelength. The Smith Chart plot displays 
the multiple resonances of the dipole which are caused 
by‘ re?ections of the current wave from the open ends 
of the dipole. Much of the variation in impedance is 
caused by the fact that low and high impedance values 
alternate corresponding to even or odd order 
resonances. 
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4 
The Smith Chart plot of FIG. 5 illustrates how the 

particular reactive loading of the instant invention can 
reduce the variation in impedance. Evidence of low 
and high impedance resonances are no longer seen. For 
0.5< L/A < 7.0 the impedance locus is con?ned to 'a 
small area on the chart. . 

The reason for the reduced in?uence of resonances 
is demonstrated in FIGS. 6a-6f. It is noted there that 
standing wave current distribution which is charac 
teristic of the thin-wire dipole is in evidence only in 
FIG. 6a which corresponds to L/)\=0.5. As frequency 
increases the current decreases due to the 8c reactive 
loading so that only small currents remain at the end of 
the dipole (Z/L = 1.0). Hence, there is almost no cur 
rent wave to be re?ected from the open end. For Ll). =" 
2.0, 4, 5.2 and 6.2 as shown in FIGS. 60, d, e, andf, the 
current decays to negligible values at points more and 
more distant from the dipole end. Note that the ?gures 
show the current which would ' be present on a 

monopole; however, the same current would occur on 
one-half of a dipole and its mirror image would be 
present on the other half so that the information given 
here can be readily interpreted as dipole data as well as 
monopole data. 

FIGS. 7a-h show one quadrant of the radiation pat 
tern in any plane through the axis of a typical antenna 
of the instant invention. The patterns are shown for 
values of L/)\ from 0.3 to 7 corresponding to a frequen 
cy band of more than 20 to 1. Only the upper half of 
one side of the beam is shown, the lower half and the 
other side of the beam follow as mirror images by virtue 
of symmetry of the antenna. Note that maximum radia 
tion occurs along the horizontal axis for all L/)\ < 5.0. 
Evidence of a beam scanning effect is seen for LI). 5 
5.0. This phenomenon is caused by the periodic loading 
which was used on this particular antenna, with log 
periodic loading, the beam scanning can be eliminated. 
A more detailed presentation of the foregoing analy~ 

sis appears in Technical Report AFAL-TR-69-180 by 
Andrew J. Poggio and Paul E. Mayes entitled “Numeri 
cal Solution of Integral Equations of Dipole and Slot 
Antennas Including Active and Passive Loading” 
‘published by Air Force Avionics Laboratory and Air 
Force Systems Command, Wright-Patterson'Air Force 
Base, Ohio, which is available from the Library of Con- . 
gress, the teachings of which are incorporated in this 
application by reference thereto. As will be apparent in 
view of the above report, the present invention is useful 
for a variety of forms of antennas including cylindrical 
dipole antennas and planar slot antennas. 

Utilizing the information'provided above, consider 
the design of a dipole antenna which operates in the 
10-55 MHz band (wavelengths from 30 to 5.5 meters). 
From FIG.'5, it can be seen that the impedance locus is 
compact for a dipole halflength/wavelength, LIA 
between 0.5 and 7.0. However, the radiation pattern 
shown in FIG. 7 indicates that the pattern remains 
more stable for L/)\ less than 5.0. The 5.5 to 1.0 band 
can be taken between L/)\ = 0.5 and 2.75 while keeping 
overall dipole length relatively small. FIGS. 5 and 7 in 
dicate that periodic spacing of the active elements will 
provide excellent impedance and pattern properties. If 
needed, wider bandwidths can be obtained by spacing 
the loads in a log-periodic fashion, as previously in 
dicated. Parameters for a near-optimum design can be 



5 
obtained from the aforementioned report, “Numerical 
Solution of Integral Equations of Dipole and Slot An 
tennas Including Active and Passive Loading”. For ex 
ample, as indicated in the aforementioned report, ex 
cellent performance can be obtained with 15 loads 
periodically spaced along each dipole arm. The desired 
sign and frequency dependence of the reactive ele 
ments is obtained by terminating a negative impedance 
converter with an ordinary inductor as shown in FIG. 3. 
The following table, derived from the information pro 
vided in the aforementioned report, gives the relative 
location of each load on the dipole arm the value of 
reactance at L/)\ = 1.0 (f=20Ml-lzv) and the value of in 
ductance which is used to terminate the negative im 
pedance converter in order to achieve the desired 
reactance; 

Load Relative impedance 
Number Location at 20 MHz Inductance L (#H) 

1 0.064 -j27.2.Q 0.217 
2 0. l27 -j32.5 0.259 
3 0.l9l -j35.7 0.284 
4 0.255 —j37.9 0.302 
5' 0.318 -—j39.6 0.315 
6 0.382 —j4l .0 0.326 
7 0.446 -—j42.2 0.336 
8 0.504 -j43.2 0.344 
9 0.573 —'j 44.] 0.351 
10 0.637 -j44.9 0.357 
11 0.7.00 —j45.6 0.363 
12 0.764 —j46.3 0.369 
13 0.828 -j47.0 0.374 
14 0.89l —-j47.5 0.378 
15 0.955 —j48.l 0.383 

As seen above, the reactive values are tapered with 
smaller values near the feed point and larger values 
near the ends of the dipoles. This particular design is 
offered for illustrative purposes only and should not be 
interpreted as restricting the invention to any particular 
method for spacing the loading elements or achieving 
the negative reactance which is proportional to 
frequency or the values of reactance used. In this re 
gard, other designs can be derived from the informa 
tion set forth above. 

It will now be appreciated that the present invention 
provides an improved antenna which can be made 
small invsize so as to be conveniently portable yet which 
possesses a broad band impedance and pattern charac 
teristic. Therefore, it is exceptionally suitable for use 
for emergency portable communication systems as well 
as police communication systems and the like where 
the capability of tuning to frequencies over a relatively 
large band is highly desirable. Accordingly, this inven 
tion is believed to constitute an important advance 
ment in the communications art generally, and the 
portable communication equipment ?eld speci?cally. 

While it will be apparent that the teachings herein 
are well calculated to teach one skilled in the art the 
method of making the preferred embodiments of this 

' invention, it will be appreciated that the invention is 
susceptible to modification, variation and change 
without departing from the proper scope or meaning of 
the subjoined claims. 
What is claimed is: 
1. An antenna structure for operation over a 

predetermined frequency band comprising: 
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6 
a plurality of radiating sections, each being of a 

predetermined length and arranged to generally 
form said antenna structure, said antenna struc 
ture having at least one end; and 

a plurality of active electrical devices with respective 
ones of said plurality of active electrical devices 
connected intermediate adjacent ones of said sec 
tions in series with said adjacent ones of ‘said sec 
tions, each of said plurality of active electrical 
devices having a reactance which is negative in 
sign and increases with increasing frequency over 
at least a portion of said frequency band so as to 
reduce resonances on said antenna structure by 
reducing the current wave toward said end of said 
antenna structure to thereby reduce the current 
wave re?ecting from said end. 

2. An antenna structure according to claim 1 
wherein 

said radiating sections are each a thin conducting 
wire. 

3. An antenna structure according to claim 2 
wherein 

said wire sections are aligned end-to-end along a 
straight line, and at least one of said wire sections 
being adapted to be connected to a source of radio‘ 
frequency energy to form a monopole antenna. 

4. An antenna structure according to claim 2 
wherein 

said" wire sections are aligned end-to-end along a 
straight line, and at least two of said wire sections 
being adapted to be connected to a source of radio 
frequency energy to form a dipole antenna. 

5. An antenna structure according to claim 1 
wherein 

said electrical means are evenly spaced with respect 
to said antenna structure. 

6. An antenna structure according to claim 
wherein - 

said means are spaced in a log-periodic distribution 
with respect to said antenna structure. 

7. An antenna structure according to claim 1 
wherein 

said active electrical device includes a negative-im 
pedance converter. 

8. An antenna structure according to claim 7 
wherein 

said radiating sections are each a thin conducting 
wire. 

9. An antenna structure for operation over a 
predetermined frequency band comprising: 

a plurality of radiating sections arranged in log 
periodic fashion; and 

an active electrical device connected intermediate 
adjacent ones of said sections in series with said 
adjacent ones of said sections, each of said active 
electrical devices having a reactance which is 
negative in sign and increases with increasing 
frequency over at least a portion of said frequency 
band. 

10. An antenna structure for operation over a 
predetermined frequency band comprising: 

a plurality of radiating sections arranged in periodic 
fashion; and 

an active electrical device connected intermediate 
adjacent ones of said sections in series with said 
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adjacent ones of said sections,'each of said active frequency over at least a portion of said frequency 
electrical devices having a reactance which is hand. 
negative in sign and increases with increasing I s * * * * 
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