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United States Patent Office 3,302,208 
Patented Jan. 31, 1967 

3,302,208 
DiPOLE ANTENNA INCLUDING FERRITE 
SLEEWES ABOUT THE MEDAL PORTIONS 
OF TS RADATING ELEMENTS 

Harold S. Hendrickson, 9 Sunset Lane, Bloomfield, 
Con. 06002; Alice Hendrickson, administratrix of 
said Harold S. Hendrickson, deceased 

Filed Mar. 20, 1964, Ser. No. 353,371 
6 Claims. (C. 343-787) 

This application is a continuation-in-part of my co 
pending application, Serial No. 209,052, now abandoned, 
filed July 11, 1962 on “Antenna.” 

This invention relates to antennas such as may be em 
ployed in radio systems and is equally adaptable to 
transmitting and receiving antennas although described 
hereinbelow particularly for transmitting antennas. 
One object of the invention is to provide an antenna 

of the type mentioned which is much smaller in size 
than more conventional antennas resonant at the same 
frequency but which nevertheless exhibits characteristics 
equal to and in some respects Superior to those of con 
ventional antennas. 

Another and a more specific object of the invention 
resides in the provision of an antenna of the type men 
tioned which includes at least, one conventional ele 
ment and at least one associated ferrite element, the 
ferrite element being arranged relative to the conven 
tional element in such manner that a major portion of 
the antenna's magnetic induction field is confined with 
in the ferrite while the antenna's far field radiation is un 
affected by the presence of the ferrite. 

Still another specific object of the invention is to pro 
vide an antenna assembly permitting unusually close 
spacing of a plurality of antenna elements arrayed as 
in a Yagi or broad band antenna system. 

Another specific object of this invention is to provide 
an antenna employing ferrite and having an input im 
pedance which will match a standard coaxial line. 
A still further object of this invention is to provide 

an antenna employing ferrite wherein the ferrite is ar 
ranged so as to provide for an efficient use thereof achiev 
ing a maximum or near maximum shortening effect on 
the antenna, economy of material and a reduction of 
power loss. 
The drawings show a preferred embodiment of the 

invention and such embodiment will be described, but 
it will be understood that various changes may be made 
from the construction disclosed, and that the drawing and 
description are not to be construed as defining or limit 
ing the scope of the invention, the claims forming a 
part of this specification being relied upon for that pur 
poSe. 
Of the drawings: 
FIG. 1 is a diagrammatic illustration of a conven 

tional one-half wave dipole antenna. 
FIG. 2 is a diagrammatic illustration of a one-half 

wave dipole antenna constructed in accordance with the 
present invention. 

FIG. 3 is a curve illustrating the effect of adding 
ferrite to a conventional dipole antenna. 
FIG. 4 is a diagram illustrating the reflection of a por 

tion of an electromagnetic wave at a boundary of the 
ferrite material used in the antenna of FIG. 2. 
FIG. 5 is a curve of impedance versus element spacing 

in a conventional beam antenna assembly. 
FIG. 6 is a curve of impedance versus element spacing 

in a beam antenna assembly constructed in accordance 
with the present invention. 
FIG. 7 is a diagrammatic illustration of a two-element 

beam antenna constructed in accordance with the in 
vention. 
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FIG. 8 is a longitudinal section through an antenna 

element constructed in accordance with the invention. 
It is known that ferrite and other high permeability 

material can be employed in an antenna assembly to 
effectively shorten the length of electromagnetic waves 
and to thereby reduce the size of an antenna element 
resonant at a given frequency. The present invention 
involves the use of ferrite in a particular arrangement 
and combination with other electrically conductive ele 
ments whereby the advantage of antenna size reduction 
and other advantages are obtained without also obtain 
ing certain disadvantages present in other known fer 
rite antennas. It also involves the use of a ferrite ma-. 
terial having permeability and dielectric constant valves 
SO related as to cause desirable results stemming from 
the reflection of a portion of the electromagnet waves 
at the ferrite interface or from other unknown phenom 
ena. More specifically, one or more ferrite elements 
having a given combination or permeability and dielec 
tric constant values are arranged on a conventional elec 
trically conductive antenna element, such as for exam 
ple an electrically conductive wire, rod or tube, so as . 
to be in close proximity to the antenna's zone of great 
est current flow and so as to be as far removed as pos 
sible from the antenna's Zone of greatest voltage or 
charge accumulation. Ferrite antenna assemblies here 
tofore known have employed ferrite more or less in 
discriminately with respect to the location of the fer 
rite along the length of the antenna and with respect 
to the current and charge distribution and, in conse 
quence, advantages have been obtained in the reduction 
of antenna size but disadvantages have been encountered 
in the introduction of detrimental effects on the radiation 
field. 

FIG. 1 shows a conventional center-fed dipole antenna 
assembly 10 including two electrically conducting arms 
or elements 10a and 10b. The curve labeled I indi 
cates the current distribution along the length of the 
antenna and the curve labeled E indicates the correspond 
ing charge distribution. As is well known, the zone of 
heaviest current flow occurs at the central portion of 
the dipole while the zone of heaviest charge accumula 
tion or electric potential is found adjacent the end por 
tions thereof. As is well understood, the current flow 
and charge accumulation set up magnetic and electric 
fields, respectively, which fields within the vicinity of 
the antenna have their greatest strengths near the zones 
of greatest current flow and charge accumulation, re 
Spectively. That is, in the vicinity of the antenna the 
electric field is highest in strength at the ends of the 
antenna and the magnetic field is highest in strength at 
the middle of the antenna. Now, if ferrite or other 
high permeability material is employed throughout the 
length of each of the left- and right-hand arms or an 
tenna elements 10a and 10b, for example, as small 
sleeves mounted on the arms, there will be a substantial 
reduction in the resonant frequency of the antenna, or, 
conversely the antenna will exhibit characteristics cor 
responding to a much longer conventional antenna. 

In accordance with the present invention, however, 
ferrite or other high permeability material is employed 
only over a limited portion of an arm or element of an 
antenna assembly and is of selected values of permeability 
and dielectric constant for the purpose of reducing the 
resonant frequency or, conversely, to permit the use of 
a substantially shorter antenna element for a given reso 
nant frequency. For example, in FIG. 2 there is shown 
Schematically a dipole antenna 12 made in accordance with 
this invention and having left- and right-hand arms or 
elements.12a and 12b with left- and right-hand ferrite 
elements 14a and 14b, respectively, which extend only 
over the inner portions of the arms. The ferrite ele 



3,302,208 
3. 

ments 14a and 14b are sleeves mounted on and surround 
ing the arms 12a, 2b which may be conventional alu 
minum rod or tubing. The ferrite elements 14a and 14b 
may conveniently each comprise a plurality of small iden 
tical sleeves arranged in end-to-end relationship on the 
associated arm. 

In experimenting with various different ferrite materials 
for the elements 14a and 14b, it has been discovered that 
some ferrite materials will produce very good results and 
others will not. Further investigation of this phenomenon 
shows that to obtain the desired good results the ferrite 
material must have a dielectric constant which is smaller 
(preferably several times smaller) than its permeability. 
The reason for this is not yet entirely clear, but it is be 
lieved that it can be explained on the basis of the influence 
the ferrite has on the reflection and transmission of waves, 
as presented in more detail hereinafter, passing from one 
of the arms to the associated ferrite element. 

Still referring to FIG. 2, it will be understood that 
if the antenna illustrated by this figure is to be used for 
the same figuring as the antenna of FIG. 1 it will be sub 
stantially shorter than the FIG. 1 antenna. Also, it will 
be observed that the ferrite elements 14a and 14b extend 
respectively over approximately 30% of the length of 
the arms 12a and 12b. More specifically, FIG. 2 repre 
sents an experimental antenna in which the arms 12a and 
12b were each approximately six feet long and in which 
the ferrite elements 14a and 14b each included a series 
of six (6) ferrite sleeves each four (4) inches in length. 
The arms or elements were aluminum rods of approxi 
mately 742 inch diameter and the ferrite sleeves were .233 
inch in inside diameter and .39 inch in outside diameter. 
The ferrite employed had a permeability (u) of 50 and 
a dielectric constant (e) of 15. 
With the foregoing values in mind it will be noted that 

the resonant frequency of the FIG. 2 antenna without 
ferrite (that is of an ordinary twelve foot long dipole 
antenna) is approximately 38 megacycles. This may be 
found from the usual expression of: 

f=458/L 
where: 

f=frequency in megacycles 
L=antenna length in feet 

Starting with only the aluminum rods or arms of the 
FIG. 2 antenna, four inch sleeves of the ferrite material 
mentioned were added, one sleeve to each arm at a time, 
and the resonant frequency determined after each sleeve 
addition. The results obtained were sa follows: 

Length of Arn 
Covered with 
Ferrite, Per 

cent 

Corresponding 
Length of Con 
wentional An 

tenna, ft. 

Resonant 
Frequency, Inc. 

Number of Sleeves 
per Arm 

38.0 
30, 7 
26.7 
24. 4. 
22.5 
21.2 
20.5 
19.9 
19.5 
19.0 
18.7 
18.3 5 

FIG. 3 is a plot of these results, and from FIG. 3 and 
the above table it will be observed that throughout the 
inner 30% of the length of the antenna arms, addition of 
the ferrite sleeves produces a sharp drop in resonant fre 
quency but thereafter throughout the outer 70% of the 
length of the arms little or no additional benefit is secured 
in the use of ferrite on the arms. With the aforemen 
tioned experimental antenna of FIG. 2, the ferrite ele 
ments shown actually covered 33% % of the total length of 
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4. 
each arm and the resonant frequency was reduced from 
approximately 38 megacycles to about 21 megacycles, ap 
proximately a 45% frequency reduction. In terms of 
antenna length this of course indicates a similar reduction 
and opens the way to antennas of practical size in the low 
er frequency ranges. As shown by the above table, for ex 
ample, the illustrated 12 foot antenna of FIG. 2 is equiva 
lent to a conventional dipole antenna approximately 22.4 
feet in length, a reduction in length of almost 50%. 
As mentioned previously the reasons for the results 

obtained are not known with certainty; however, they are 
believed to be due to the reflection and transmission of 
portions of the electromagnetic field passing from the an 
tenna arms or conductors into the ferrite. For a better 
understanding of this theory reference is made to FIG. 4 
which represents an electromagnetic wave passing out 
wardly from the aluminum arm or conductor to the fer 
rite. In this figure the x-y plane represents the interface 
between the aluminum and ferrite and the z axis repre 
sents the axis along which the wave is waving. The 
material to the left of the x-y plane is aluminum having 
a permeability u1 and a dielectric constant c1, both of 
which may be taken to be 1. The material to the right of 
the x-y plane is ferrite having a permeability u2 and a di 
electric constant e. If desired an air gap may be con 
sidered to exist between the ferrite and the aluminum 
conductor without changing anything in the discussion 
which follows since air has a permeability and a dielec 
tric constant substantially equal to 1 similar to the case 
with alumnium. E1, H1, and v are vectors representing 
the electric field component, the magnetic field compo 
nent and the velocity, respectively, of an electromagnetic 
wave incident on the ferrite; E2, H2 and v2 are the corre 
sponding quantities of the electromagnetic wave transmit 
ted through the ferrite, and E1', H1' and v1 are the 
corresponding quantities of the reflected wave. 

Considering normal incidence of the wave, as shown in 
FIG. 4, the incident and reflected waves are related by 
the following expression (as given, for example, at page 
275 of Constant, Theoretical Physics, Addison-Wesley 
Publishing Company, Inc., 1958, to which reference is 
made for a derivation of the expression and further in 
formation regarding the same): 

E' velu 1 - Weality H1 

For the materials given: 

Substituting these values into the equation given, we 
have: 

H. E.' v7 - V'lso 1-.55.45 
H1 E. Vit--Vi5 1--.55 T1.55 = 0.29 

Since the result is a positive number, this indicates that 
E is in phase with E and that H1 is 180° out of phase 
with H. Accordingly, in the aluminum conductor the 
reflected magnetic component H' subtracts from the in 
cident magnetic component H1 and as a result decreases 
the intensity of the magnetic field component. Similarly, 
the reflected electric component E1 adds to the incident 
magnetic component E and as a result increases the in 
tensity of the electric field component. This changing of 
the electric and magnetic field components in turn changes 
the current and charge distribution on the antenna to pro 
duce distributions such as shown by the curves E and I 
in FIG. 2, the curve E representing the charge distribu 
tion and the curve I representing the current distribution. 
Because of the concentrated magnetic field produced in 
the center of the antenna by the ferrite, the current flow 
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is concentrated at the center of the antenna and drops 
off sharply in moving away from the center point, where 
as the charge is concentrated along the outer ends of the 
antenna armS. 

It will therefore be seen that as ferrite is added to the 
arms of the antenna the current will tend to be more and 
more concentrated at the center of the antenna so that 
as additional ferrite is added it will be placed adjacent a 
zone of lesser current and therefore have less beneficial 
effect. FIG. 2, for instance, shows that after adding fer 
rite to the inner one-third of each arm the current in the 
arms beyond the ferrite is relatively small and therefore 
the use of ferrite beyond the one-third point would have 
little effect, as is confirmed by experiment. Furthermore, 
it will be evident that due to the concentration of the 
charge at outer portions of the antenna arms the electric 
field will be strongest in this region and along this region 
the antenna arms are not surrounded by ferrite. This 
is of great importance insofar as it eliminates power losses 
which would otherwise result if the electric field had to 
pass through ferrite in leaving the antenna. That is, an 
alternating electric field passing through a dielectric such 
as ferrite produces heat losses which are avoided by the 
antenna construction of the present invention while never 
theless retaining the length shortening effect of ferrite. 

Referring back to the equation presented above for 
determining the relative values of incident and reflected 
waves, it will be noted that should the solution of the ex 
pression result in a negative number the reflected mag 
netic component H would be in phase with the incident 
magnetic component H1, and the reflected electric com 
ponent E would be 180° out of place with the incident 
electric component E1, and as a result the desired results 
would not be obtained. From inspection of the equation 
it will be evident that, since most materials (air or an 
electrical conductor) which would provide the interface 
with the ferrite would have a permeability (u) and a 
dielectric constant (e) both equal to approximately 1, 
an unwanted negative result would be obtained whenever 
the ferrite was such as to have a dielectric constant great 
er than its permeability and a desired positive result 
would be obtained whenever the ferrite was such as to 
have a dielectric constant smaller than its permeability. 
The greater the difference between the dielectric constant 
and permeability the better, and preferably the dielectric 
constant should be several times smaller than the per 
meability. This critical relationship between the dielec 
tric constant and permeability of the ferrite used in the 
antenna has been borne out by experiments. 
From the foregoing it will be apparent that the present 

invention involves a selective use of ferrite wherein sub 
stantially the maximum benefit in frequency and/or length 
reduction is obtained without attendant disadvantages. 
That is, the available benefit of frequency and/or length 
reduction is derived substantially to its fullest extent and 
only an insignificant portion or degree thereof is lost due 
to the absence of ferrite over the remaining or outer por 
tions of the antenna arms or elements. Balanced against 
this very slight loss is the substantial gain of eliminating 
or at least drastically reducing the power losses. It is 
found that the antenna of FIG. 2 exhibits far field radia 
tion characteristics equal in all respects to those of the 
conventional dipole of FIG. 1. 
Now in designing antennas for different frequencies in 

accordance with the present invention, ferrite elements 
with different permeabilities may be employed and the 
portion of the antenna arm or element covered with fer 
rite may vary. Ferrite is frequency sensitive and various 
different ferrite materials have different practical fre 
quency ranges. Generally speaking, it is desirable to use 
a ferrite with as high a permeability as possible, but un 
fortunately the permeability usually varies inversely with 
the upper limit of the practical frequency range. By way 
of example, one manufacturer among a wide variety of 
ferrite types lists the following types which have the neces 
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6 
sary characteristic of a permeability higher than the die 
electric constant: 

Ferrite Type Dielectric Practical Fre 
Designation Permeability Constant quency Range 

(mc.) to 

600 15 2.0 
850 5 2.0 
250 15 8.0 
200 5 4.0 
125 5 7.5 
30 15 30 
50 15 38 
15 15 120 
15 15 200 

In the above list of characteristics the dielectric con 
stant (e) is in all cases the value measured at an applied 

As the frequency is in 
creased the dielectric constant decreases, and therefore, 
although the last two materials listed would appear un 
suitable for the antenna of the present invention, they 
would at the higher frequencies at which they would be 
used, have lower dielectric constants than set forth so 
as to satisfy the requirement of a permeability greater 
than the dielectric constant. 

Thus, in the low frequency ranges ferrite elements with 
a comparatively high permeability are available for use 
and very desirable results may be obtained in the five (5) 
to twenty (20) megacycle range and below where con 
ventional antennas are excessive in size. However, fer 
rite utilizing antennas constructed in accordance with the 
invention may be employed for higher frequencies par 
ticularly in complex systems to secure the benefits of 
induction field confinement as will be explained herein 
after, 
Now with reference to the foregoing it will be ap 

parent that the present invention is not limited to an 
antenna construction comprising a specific type of ferrite 
element disposed over a particular percentage of the 
length of an electrically conducting antenna element. 
The presently preferred construction comprises ferrite ele 
ments having a permeability greater than the dielectric 
constant disposed in the region of maximum current dis 
tribution along the antenna element and over a portion of 
the total length of the antenna element ranging up to 
50% of the total length. 

Prior mention has been made of the induction field 
confinement or storage effect of the ferrite elements in 
the antenna construction of the present invention. It is 
found that the magnetic induction field associated with 
the present antenna is effectively held close to the antenna 
element so as not to excite or couple with nearby metal 
objects. This results in an obvious advantage in ship 
board use and in other installations on vehicles contain 
ing metal and also provides a substantial advantage in 
the design of various complex antenna systems employing 
two or more antenna assemblies. Illustrating the fore 
going, it can be noted that a conventional dipole antenna 
operating on a frequency of two (2) megacycles will have 
an associated magnetic induction field which may “couple 
out' as far as 115 feet. In a similarly excited antenna, 
constructed in accordance with the present invention, in 
duction field coupling will be reduced to 10 to 12 feet. 
AS is well known the induction field coupling charac 

teristics of conventional antennas impose severe limits on 
the spacing of antenna assemblies in systems employing 
two or more such assemblies. The input impedance 
characteristics vary substantially with the spacing of as 
semblies and, in consequence, impedance matching de 
vices are usually required. Thus, it is a conventional 
practice to space dipoles, for example, in a conventional 
two-dipole assembly beam antenna system, at approxi 
mately 10% of a wave length. With this spacing a sub 
stantial drop in input impedance is encountered and im 
pedance matching devices are required. Referring to the 
curve of FIG. 5 it will be noted that input impedance 
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is reduced starting approximately at a spacing of 30% of 
a wave length and that a substantial drop in impedance 
occurs as antenna assemblies are brought closer together. 

Referring now to FIG. 6, the corresponding charac 
teristics of a ferrite antenna constructed in accordance 
with the invention will be noted. Initially, it will be ob 
Served that the input impedance of the driven dipole is 
substantially lower than that of the driven dipole in a 
conventional beam system, i.e., approximately 50 ohms 
as compared with about 70 ohms. The 50 ohm value 
is found advantageous in that standard 52 ohm cable 
can be conveniently employed without the necessity of 
matching devices. Secondly, and of greater importance, 
it is to be observed that the input impedance of the driven 
dipole remains constant down to an antenna assembly 
spacing of approximately 3 or 4% of a wave length. 
Thus, an antenna system of the two-element beam type 
may be arranged as illustrated diagrammatically in FIG. 
7 wherein a driven dipole assembly is shown at 16 with 
electrically conductive arms or elements 6a and 16b 
and ferrite elements 8a and 8b, and wherin a parasitic 
assembly is shown at 20 with electrically conductive arms 
or elements 20a and 20b and with a ferrite element 22 
Surrounding the inner ends of the arms. The spacing d 
between the elements or assemblies 16 and 20 may be as 
low as 5% of a wave length and yet a standard cable, 
Such as indicated at 24, of 52 ohms impedance may be 
employed without the need for impedance matching de 
vices. Obviously, a very substantial reduction in the size 
of various complex antenna systems can be thus accom 
plished. 

Still referring to the diagrammatic illustration of FIG. 
7, it should also be observed that the ferrite antenna of 
the present invention, such as 16 in FIG. 7, is found to 
reSonate only at its fundamental and not at harmonic 
frequencies. This characteristic of the antenna provides 
Substantial advantage in the construction of broad band 
antenna Systems wherein several antenna assemblies can 
be arranged with their resonant frequencies perhaps 10 
to 16% apart. Obviously, two antennas in such a system 
would be capable of independent operation even though 
the resonant frequency of one might be a multiple of the 
resonant frequency of the other. 

Finally, reference may be had to FIG. 8 for an illu 
stration of a presently preferred embodiment of the in 
vention in a conventional dipole assembly. A portion 
of a left-hand arm or element of the assembly is shown at 
25a and a right-hand arm or element is shown at 26b. 
The portion of the left-hand arm or element 26a, not 
shown, may be identical with that shown for the right 
hand arm or element. A center portion of the assembly 
may comprise a Fiberglas tube 28 provided with suitable 
openings 30, 30 for antenna input connections in the form 
of bolts 32, 32 Right- and left-hand Fiberglas sleeves 34, 
34 are disposed within the sleeve 28 and meet centrally at 
a junction 36. Disposed within the sleeves 34, 34 are 
right- and left-hand aluminum bushings 38, 38 connected 
with the terminal bolts 32, 32 respectively. Left- and 
right-hand aluminum rods 40, 40, respectively, have ther 
inner end portions entered in the bushings 38, 38 and 
the outer end portions of said rods are entered in out 
board bushings 42, 42 (right-hand only shown). 
Now the ferrite elements may be employed in various 

manners as mentioned. However, it is the presently pre 
ferred practice to employ a series of small ferrite sleeves 
in end-to-end relationship on and about the aluminum 
rods 40, 40. Sleeves 44, 44 shown extend between the 
inboard and outboard bushings 38 and 42 on each of the 
arms 26a and 26b. As mentioned, the ferrite sleeves are 
of a type of ferrite material having a permeability greater 
than the dielectric constant and are preferably employed 
over 30% of the length of each arm or element in the 
antenna assembly. The ferrite is so arranged in the con 
struction shown. 
The remaining portion of each arm of the antenna as 
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8 
sembly preferably comprises an aluminum tube such as 
the tube 46 shown on the arm 26b. The Fiberglas sleeve 
34 receives an inner end portion of the tube and the out 
board bushing 42 may serve for connection of the tube 
as by means of a suitable screw 48 passing through the 
sleeve 34, the tube 46, and into the bushing 42. 
From the foregoing it will be apparent that a sub 

Stantially improved antenna construction has been pro 
vided. Efficient and economical use is made of the ferrite 
material and power losses are minimized. Substantial 
advantages in frequency and/or in size reduction are 
achieved without attendant losses in radiation effective 
ness. Additional advantages are obtained in the use of . 
the antenna assembly in various antenna Systems requir 
ing two or more such assemblies. As mentioned, the in 
vention has application to receiving as well as transmitting 
antennas. An antenna constructed as described and em 
ployed as a receiver is found to exhibit the substantial ad 
vantage of size reduction with little or no detrimental 
effect on gain or other characteristics. 

Finally it is to be observed that the term element used 
herein and in the claims which follow is to be given its 
broad meaning. Thus, while "element' is employed in 
referring to one “arm' of a dipole, the term is meant to 
include any one of several parts found in a wide variety 
of antenna types. For example, the term may refer to 
the single element in an upright "one-element” antenna 
assembly. 
The invention claimed is: 
1. A one-half wave dipole antenna assembly compris 

ing two opposite but identical arms arranged generally 
end-to-end, each of said arms comprising a straight elon 
gated electrically conductive antenna element adapted 
when excited to have a high charge concentration at its 
outer end portion and a high current concentration at its 
inner end portion, and each of said arms further including 
a quantity of ferrite material in the form of at least one 
tubular sleeve having a magnetic permeability greater than 
its dielectric constant over the range of frequencies with . 
which the antenna assembly is used located on and Sur 
rounding said antenna element thereof adjacent its inner 
end. 

2. An antenna assembly as set forth in claim 1 includ 
ing driving means connected centrally with said two arms, 
and also including a second one-half wave dipole antenna 
assembly spaced substantially less than ten percent (10%) 
of a wave length from said first mentioned assembly. 

3. An antenna assembly as set forth in claim 2 wherein 
said second antenna assembly includes opposing first and 
Second arms and at least one ferrite sleeve disposed ad 
jacent the inner end portions of said arms. 

4. An antenna assembly as set forth in claim 3 wherein 
said first and Second dipole assemblies are respectively 
resonant at first and second frequencies one of which is a 
harmonic of the other. 

5. The combination in a one-half wave dipole antenna 
assembly of an elongated antenna arm comprising inner 
and Outer portions respectively in the form of an alumi 
num rod and an aluminum tube, said inner portion com 
prising approximately thirty percent (30%) of the total 
length of the arm, and ferrite material received on and 
Surrounding said aluminum rod and extending along sub 
stantially the entire length thereof. 

6. An antenna arm comprising an electrically conduc 
tive first part extending from the first end of said arm 
toward the second end thereof for a distance equal to less 
than one-half the length of said arm, an electrically con 
ductive and tubular second part fixed relative to said first 
part with the adjacent end portion of said first part re 
ceived in the bore thereof and extending from said first 
part to said second end of said arm, and ferrite material 
received on and Surrounding said first part and extending 
along substantially the entire length thereof. 

(References on following page) 
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