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1. 

3,500,426 
MAGNETICALLY DRIVEN ANTENNA ARRAY 

Donald H. Wells, Oregon, Ohio, assignor, by mesne as 
signments, to The Scott & Fetzer Company, Lakewood, 
Ohio, a corporation of Ohio : 
Continuation-in-part of application Ser. No. 500,931, 

Oct. 22, 1965. This application June 3, 1966, Ser. 
No. 562,041 

Int. C. H01(g 19/30 
U.S. C. 343 819 2 Claims 

ABSTRACT OF THE DISCLOSURE 
A magnetically driven antenna array in which all of 

the antenna dipole elements are parasitic. The array is 
driven by an independent means consisting of a section of 

O 

5 

transmission line. The incident plane wave of energy from 
the transmitter source induces currents on the parasitic 
dipoles of the array, establishing a secondary or reradi 
ated field. The total electromagnetic field in the vicinity 
of the array is a combination of the secondary fields from 20 
all of the antenna elements and the incident field. In its 
simplest form, this field is a standing wave, whose vector 
“H” (magnetic lines of force) near the axis of the array 
where the driven element is placed, establishes a strong 
magnetic flux which links the loop formed by the section 
of transmission line. The time varying flux drives the 
transmission line by inducing voltages and currents on it 
that can be conveniently fed to the associated receiver. 

This is a continuation-in-part of application Ser. No. 
500,931, now abandoned, filed Oct. 22, 1965. 

SUMMARY OF THE INVENTION 
According to the invention, there is provided an an 

tenna array comprising a support; at least two spaced 
apart electrically continuous antenna elements mounted 
on the support, the antenna elements being parallel to one 
another and residing in the same plane, and spaced apart 
at substantially one quarter of a wave length of the op 
erating frequency of the antenna array; an inductance 
element mounted on the support and being insulated from 
the antenna elements and aligned and dimensioned for in 
ductive coupling with the magnetic fields established be 
tween the antenna elements; lead coupling means on the 
inductance element; and means electrically coupled to the 
lead coupling means for delivering a signal to a receiver, 
whereby the lead coupling means are positioned on the in 
ductance element at a point where the impedance of the 
inductance elements is substantially equal to the imped 
ance of the means for delivering the signal to the re 
ceiver. 
FIGURE 1 is a perspective view of an antenna system 

incorporating the principles of the present invention; 
FIGURE 2 is an enlarged fragmentary view of the feed 

point and the inductance element; 
FIGURES 3, 4, and 5 diagrammatically illustrate the 

current and magnetic field configuration established by 
the electromagnetic energy being recieved by the antenna 
system illustrated in FIGURES 1 and 2; 
FIGURES 6 through 9 diagrammatically illustrate war 

ious electrical configurations for the inductive element of 
FIGURES 1 and 2; and 
FIGURE 10 illustrates a further embodiment capable 

of a broad band application. 
DESCRIPTION OF PREFERRED EMBODIMENT 
Referring to the drawings and more particularly to 

FIGURES 1 and 2, there is illustrated an antenna system 
suitably mounted on a mast 10. The antenna system in 
cludes a boom 12 which is disposed generally in a hori 
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zontal plane and is mechanically coupled to the mast 10 
by a mast clamp arrangement 14. The boom 12 is typi 
cally formed cf a lightweight, conducticve, weather re 
sistant material schias, for example, aluminum tubing. 
It will be understood that the boom 12 can likewise be 
fabricated from electrically insulating material such as, 
for example, a fiberglass reinforced plastic. 

Spaced along the length of the boom 12, there is dis 
posed a plurality of antenna dipole elements 16. The di 
pole elements 16 are preferably formed of unitary lengths 
of a light weight, weather resistant, electrically conduc 
tive material such as, for example, aluminum tubing. The 
spacing between and the length of each of the dipole ele 
ments 16 are so arranged as to obtain the desired direc 
tivity and response pattern of the antenna system under 
consideration. In a , unidirectional antenna system, the 
dipole elements 16 would normally be spaced at N/4 of 
the operating frequency of the antenna, and the dipole ele 
ment 16 toward the direction of the received signal would 
be resonant at a frequency slightly higher than the operat 
ing frequency and the dipole elements 16' at the end op 
posite the direction of the received signal would be 
resonant at a frequency slightly lower than the operating 
frequency of the antenna system. The dipole element 16' 
would be resonant at the operating frequency. 

Disposed in relatively close relation to and in a plane 
parallel to the antenna dipole elements 16, 16', and 
16', there is disposed a resonant inductance element 18. 
The resonant inductance element 18 is typically mechani 
cally secured to the bottom 12 by a pair of insulating 
brackets 20 and 22. The element 18 in the embodiment ill 
lustrated in FIGURES 1 and 2 is generally U-shaped and 
is approximately A/4 in length from the closed end or 
base to the open ends. The element 18 is resonant at the 
operating frequency of the antenna system, and the limbs 
of the element are parallel to one another and arranged 
symmetrically above the centers of the antenna elements 
and extend perpendicularly to the antenna elements and 
in a plane parallel to, and closely spaced from, the array. 
The bracket 22 is provided with electrical terminals 24 

and 26 which are adapted to be coupled to respective 
transmission line leads 28 and 30 of a transmission line 
32 commonly referred to in the trade as "twin-lead.' The 
terminals 24 and 26 are in electrical contact with the 
resonant inductance element 18, and are positioned along 
the length thereof at a point where the impedance of the 
resonant inductance element 18 is equal to the impedance 
of the transmission line 32. - . . 

It will be understood that various numbers of dipole 
elements 16 may be employed and the number employed 
is tpically, a function of the gain of the antenna system. 
Accordingly, as the number of such dipole elements is 
increased, the overall gain of the antennais increased. 
Now referring to FIGURE 1, the transmitted electro 

magnetic energy to be received by the antenna system is 
propagated in a direction from element 16 towards ele 
ment 16'. The electromagnetic energy is normally po 
larized in a horizontal plane which is the same plane as 
the plane of the dipole elements 16, 16', and 16'. As 
the energy arrives at dipole element 16, a portion of it is 
absorbed. It will be understood that the element 16' is 
resonant at the frequency of the incoming signal. Since 
there is no resistance load terminating dipole element 16, 
i.e. the element is electrically continuous all of the ab 
sorbed energy will be returned to space in an in-phase 
relationship with the energy which is arriving at dipole 
element 16'. Since there is no resistance load terminating 
dipole element 16', all of the absorbed energy will be 
returned to space in an in-phase relationship with the in 
coming wave front and with the energy arriving at dipole 
element 16'. The dipole element 16' is resonant at a fre 
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quency slightly lower than the frequency of the incoming 
signal and therefore tends to reflect the energy back to the 
dipole element 16'. At each of the dipole elements upon 
the reception of the incoming or received electromagnetic 
energy, there is caused a flow of current I, along the di 
pole elements 16, 16', 16' and an associated magnetic 
field H, as diagrammatically illustrated in FIGURE 3. 
Since all of the energy which arrives at the dipole ele 
ments is returned to space, a flow of current I2 is caused 
to pass between the dipole elements of the antenna, as di 
agrammatically illustrated in FIGURE 4. It will be ob 
served that associated with the current I2 there is es: 

4. . 
- - - FIGURE 9 shows another embodiment of the induc 

0 

tablished a magnetic field H2. The magnetic field H2 is . 
oriented in a plane generally perpendicular to the plane 
of the magnetic field H2 and is parallel or coplanar with 
the dipole elements 16, 16', 16' and simultaneously per 
pendicular to the plane of the resonant inductance ele 
ment 18. v 

... The magnetic field Ha effectively cooperates with the 
resonant inductance element 18 to induce therein a flow of 
current I as shown in FIGURE 5. The induced current 
I establishes an associated magnetic field H3 as diagram 
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matically illustrated in FIGURE 5. The magnetic field H3 
is coplanar with and coupled to the magnetic field Ha 
associated with the current flow 12 which may be referred 
to as the free space current flow. 
As will be apparent from the diagrammatic illustra 

tions of FIGURES 3 and 4 the induced magnetic field H1 
and the induced magnetic field H2 are oriented perpendic 
ularly with respect to each other and, due to this fact, 
there will be no coupling effect of the magnetic field Hs 
around the resonant inductance element 18 (FIGURE 5). 
Therefore, the coupling of element 18 is with respect to 
the magnetic fields H2 and H3 and in conductive electri 
cal isolation from the dipole elements 16', 16', and 16'. 
Accordingly, the electrical characeteristics of the element 
18 are likewise in electrical isolation from the dipole 
elements 16', 16', and 16' since there is no mutual con 
ductive, inductive or capacitive coupling. Therefore, in 
designing an antenna system for receiving a given portion 
of the energy spectrum, the element 18 becomes an in 
dependent design parameter, i.e., it is dependent only on 
the wave length for which the array is designed. 

In operation, the magnetic fields H and H induce the 
current Is in the element 18. This current is delivered 
to the transmission line 32 through the terminals 24 and 
26 and the associated leads 28 and 30, respectively. The 
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transmission line 32 may be coupled to a suitable receiv- i. 
ing device such as a television receiver, FM receiver, 
radio receiver, etc. Manifestly, although the above de 
scription has specifically been concerned with the an 
tenna as an integral part of a receiving system, it could 
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likewise be satisfactorily employed as an integral part of 
a transmitting system. 
The inductive element may be of configuration other 

than specifically illustrated and described with reference 
to FIGURES 1 through 5. Other configurations would 
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include the embodiments illustrated in FIGURES 6 
through 9. The element 18' illustrated in FIGURE 6 in 
cludes capacitive means 34 for capacitively coupling the 
element to the transmission line. The loop has parallel 
longitudinal limbs arranged symmetrically about the cen 
ters of the antenna elements and extend perpendicularly 
to the antenna elements in a plane parallel to and closely 
Spaced from the array of antenna elements. 
FIGURE 7 is an extension of the element 18' of FIG 

URE 6. There is shown an element 18' which is a com 
plete loop having capacitive means 36 for capacitively 
coupling the element to a transmission line. 
FIGURE 8 shows another embodiment of the induc 

tively coupled element wherein the element 18' is in the 
form of an inductance-capacitance (L-C) circuit. Such 
an arrangement effectively reduces the overall physical 
length of the element from those shown in the other em 
bodiments, but functions similarly. 
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tively coupled element wherein the element 18' has a 
coil L and an associated magnetic core. 
There is illustrated in FIGURE 10 an antenna system 

employing the principles of the invention wherein the ar 
rangement is capable of multiband application. More par 
ticularly, the arrangement is suitable for dual frequency 
application. A boom 12 is disposed to support a pair of 
spaced apart dipole elements, 40' resonant at a given fre 
quency, and another pair of spaced apart dipole elements, 
42' interdigitated between the elements, 40' and resonant 
at another frequency. An inductance drive element 44, 
similar to the earlier described elements 18, is suitably 
mounted to be inductively coupled to the magnetic field 
established by the dipole elements. The drive element 44 
is typically equal in effective length to one half the wave 
length of the lower frequency, while it would be equal in 
length to the wave length of the higher frequency of 
energy to be received. The arrangement has been found 
to function generally as described above with respect to 
FIGURES 1 to 5. ... ', 
While it is not certain that the theory of the antennae 

illustrated and described above functions exactly as ex 
plained, tests have borne out that the system embodies 
excellent operating characteristics and is simpler in con 
struction than heretofore known antenna systems. How 
ever, in order to more fully understand the operation of 
the antenna systems described above, a review of the 
nature of electromagnetic radiation will be of assistance. 
A transverse electromagnetic traveling wave is a wave 

in which both the electric and magnetic fields are trans 
verse to the direction of travel and to each other. The 
velocity of propagation or speed of travel of such a wave 
is equal to the speed of light, and the frequency or wave 
length is the distance, between successive points of the 
same electrical phase in the wave. As a general rule, it 
may be stated that power may not be taken from a travel 
ing wave unless it is first acted upon in such a manner as 
to create a standing wave. . . . . . 

Standing waves are established as a result of two waves 
of the same frequency traveling in opposite directions. 
Standing waves in space result when an electromagnetic 
signal is reflected back toward the signal source. Stand 
ing waves on a transmission line exist only when a signal 
is reflected back from a load. In order for an antenna ele 
ment to radiate or receive power, it is necessary for a 
standing wave to exist on the antenna element. Power 
may be taken from the standing wave because the wave 
is in effect standing still in one place rather than traveling 
at the speed of light, as in the case of the traveling wave, 
and the fields associated with the wave are alternately re 
versing their polarity at the speed of the wave frequency. 
As a general rule it is necessary to create a standing 

wave before power may be taken from an incoming wave 
front. With the above in mind, let us examine a Yagi type 
antenna array and observe what occurs as a traveling 
wave arrives along the axis of the array. For simplicity, we 
will now not consider the standing waves that exist on the 
dipole elements, but merely look at the waves that exist 
in space as a result of the parasitic elements. Since the 
parasitic elements of the Yagi array are not terminated 
in a load, all of the energy received by the elements will 
be returned to space. The incoming traveling wave may 
be represented by a sine wave. As the sine wave arrives 
at the dipole director a voltage is impressed thereon. 
This energy is returned to space in the form of a traveling 
wave which may typically be represented by another sine 
wave. Since, the dipole element is bidirectional, half of 
the power will travel to the right of the element, and the 
other half of the power will travel to the left of the ele 
ment. The two waves will travel until they meet the re 
flector dipole where they are reflected back toward the 
incoming signal. The resultant of the incoming traveling 
wave signal and the reflected traveling wave will be a 
standing wave. 
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It will now be appreciated that we have satisfied the 
first requirement for taking the power from the traveling 
wave without considering the function of the dipole ele 
ment; namely, a standing wave has been established. 
Since a standing wave exists in space in the antenna ar 
rangement as explained above, a driven dipole element is 
not necessary to take power from the antenna array. A 
section of the transmission line arranged to provide mu 
tual flux linkage with the magnetic field of the standing 
wave will satisfy the requirements for the driven means 
and will provide advantages over a driven dipole element. 

In lieu of a driven dipole, as in the case of an antenna 
operating in the electric field, a driven means is induc 
tively coupled to the electromagnetic energy flowing be 
tween the associated dipole elements. Such an arrange 
ment provides an inductive coupling between the driven 
means and magnetic field of the resultant standing wave. 
Any impedance from a very low to a very high value 
may be found at points along the driven means facilitat 
ing a very precise impedance match to the associated 
transmission line, thereby greatly simplifying the antenna 
design problems. With the foregoing description, it is 
considered that one skilled in the art may be appreciative 
of the functional aspects of the antenna systems illustrat 
ed and described herein. 

In accordance with the provisions of the patent statutes, 
I have explained the principles and mode of operation of 
my invention, and have illustrated and described what I 
now consider to represent its best embodiment. However, 
I desire to have it understood that, within the scope of 
the appended claims, the invention may be practiced 
otherwise than as specifically illustrated and described. 
What I claim is: 
1. An antenna array comprising: 
a Support; 
at least three spaced-apart, electrically continuous an 

tenna elements mounted on said support, 
said antenna elements being parallel to one an 

other, within the same plane, and spaced apart 
substantially A/4 of the operating frequency of 
the antenna array; 

an inductance element substantially resonant at the 
operating frequency of the antenna array, 

said inductance element being generally U-shaped 
with parallel limbs perpendicular to said an 
tenna elements and disposed symmetrically 
about the center one of said antenna elements 
in a plane parallel to and closely spaced there 
from; 

lead-in coupling means on said inductance element; 
and 

transmission line means coupled to said lead-in cou 
pling means for delivering a signal to a receiver, 

said lead-in coupling means being located at a 
position on said inductance element where the 
impedance of the inductance element matches 
the characteristic impedance of the transmission 
line means. 

2. An antenna array comprising: 
a Support; 
at least three spaced-apart, electrically-continuous an 

tenna elements mounted on said support, 
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said antenna elements being parallel to one an 

other, within the same plane, and spaced apart 
substantially A/4 of the operating frequency 
of the antenna array; 

an inductance element substantially resonant at the 
operating frequency of the antenna array, 

said inductance element being in the form of an 
elongated loop with parallel longitudinal limbs 
perpendicular to said antenna elements and dis 
posed symmetrically about the center one of 
said antenna elements in a plane parallel to and 
closely spaced therefrom; 

capacitive lead-in coupling means on said inductance 
element; and 

transmission line means coupled to said capacitive 
lead-in coupling means for delivering a signal to a 
receiver, 

said capacitive lead-in coupling means being lo 
cated at a position on said inductance element 
where the impedance of the inductance element 
matches the characteristic impedance of said 
transmission line means. 
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