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1. 
This invention relates to dipole antenna. Sys 

tems and, while it is of general application, it 
is particularly suitable for embodiment in such 
Systems of the type adapted to translate any of a 
plurality of wave signals of different frequen 
cies within a wide frequency band and incor 
porating an antenna of fixed physical dimensions 
Suitable for mounting in the cabinet of a wave 
Signal receiver with which it is designed to 
operate. 

It is customary to utilize a dipole antenna; in 
connection with a wave-signal transmitter or a 
receiver operating in the high-frequency or ul 
tra-high-frequency range because of its superior 
response characteristics. However it is well 
known that the response and terminal impedance 
of a dipole, antenna, of any given physical di 
mensions are: rather critical with respect to fre 
quency and vary rapidly with departure of the 
operating frequency in either sense: from the 
frequency for which the antenna was designed. 
On the other hand, it is often desirable or neces 
Sary to adjust a high-frequency or ultra-high 
frequency wave-signal, apparatus utilizing a di 
pole antenna for operation at any selected fre 
quency within a wide frequency band. 

In order to solve this problem, it has hereto 
fore been proposed to utilize. dipole antennas 
comprising extensible antenna arms which may 
be adjusted to the appropriate length in accord 
ance with the frequency of the signal being 
translated. While such an arrangement is satis 
factory for certain applications, it is difficult to 
adapt to a dipole antenna housed in a wave 
Signal receiver cabinet, which imposes a limit on 
the physical dimensions of the antenna. Also 
there are certain applications for which the me 
chanical adjustment of the physicallength of 
the antenna, may be difficult to incorporate in 
the antenna system. - 

It is an object of the invention therefore to 
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provide a new and improved dipole antenna 
system of fixed physicallength, the effective elec 
tricallength of which may be adjusted for opera 
tion at any selected one of a plurality of frequen 
cies within a... Wide frequency band. - 

it is another object of the invention to provide 
a new and improved dipole antenna system of 
the type described which is particularly suitable 
for mounting in the cabinet of a wave-signal 
receiver with which it is designed to operate. 
In accordance with the invention, a dipole an 

tenna. System adapted to translate any of a 
plurality of wave signals of different frequencies 

antenna, structure, including a pair of opposed 
arms of fixed physical length, and means dis 
posed at the remote ends of such arms for effec 
tively modifying its electrical length to adjust 
the frequency of optimum response. 

Further in accordance with the invention, the 
means for effectively: modifying the electrical 
length of the antenna comprises a pair of elon 
gated conductive elements individually associat 
ed with the arms of the dipole antenna in fixed 
relation thereto and means for adjustably coupl 
ing each of the elongated elements. with asso 
ciated dipole arms. In a preferred embodiment 
of the invention, such two elongated elements are 
embodied in a two-section elongated conductive 
operating shaft of an adjustable condenser in 
cluding an insulating section at its midpoint. The 
condenser also comprises stator plate means 
mounted at the outer-ends of the opposed arms 
and rotor plate means mounted at the outer end 
of the shaft and individually cooperating with 
the stator plate means to adjust the frequency of 
Optimum response of the System. 

For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description 
taken in connection with the accompanying 
drawings while its scope will be pointed out in the 
appended claims. 

Referring now to the drawing, Fig. 1 is a 
Schematic representation of a dipole antenna 
System embodying the invention as applied to a 
Wave-signal receiver; Fig. 2 is a diagrammatic 
representation of an alternative form of the in 
vention in which the adjustment is also mechan 
ical as in. Eig. ii; while Figs... 3 and 4 represent 
other forms of the invention to which the adjust 
ment of the electrical length of the antenna is 
effected by entirely electrical means suitable for 
operation from a position remote from the an 
tenna structure. , - Referring now to Fig. 1 of the drawings, there 
is represented a dipole antenna, System adapted 
to translate any of a plurality of wave signals of 
different frequencies within a wide frequency 
band and to Supply them to a Wave signal re 
ceiver. This system includes a dipole antenna 
9 which may be of conventional construction 

including a pair of opposed arms ea and Ob 
of fixed physical length. The system also in 
cludes, means disposed at the remote ends of 
the arms for effectively modifying the electrical 
length of the antenna to adjust the frequency 
of optimum response of the systein, as by variably 

within a wide frequency band comprises a dipole 55 loading the remote ends of the antenna. This 
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means comprises an elongated conductive men 
ber comprising the conductive sections a and 
if b individually disposed generally parallel and 
spaced from the arms ea and b, respectively, 
their adjacent or inner ends being electrically 
separated by means of an insulating section lie 
Adjustable capacitance means 2 and 3 are 
provided for individually adjustably coupling the 
outer ends of the elements a, b to their asso 
ciated dipole arms Oa, Ob, respectively. In a 
preferred form, the two-section elongated con 
ductive member f, including the insulating Sec 
tion fle at its midpoint, may comprise the operat 
ing shaft of an adjustable condenser including 
the capacitance means 2 and 3. The capaci 

10 

s 
tance means 2 and 3 comprise stator plate 
means 2a and 3d mounted at the outer ends 
of the opposed arms Oa, Ob, respectively, and 
rotor plate means 2b, f3b mounted at the outer 
ends of the shaft sections Oa, Ob and individ 
ually cooperating with the stator plates 2a and 
i3a, respectively. The adjustable condenser , 
2, 3 may be provided with adjusting means, 
such as a manually operable knob d. 

Signals intercepted by the dipole antenna, 
are translated by a co-axial cable 4 to the input, 
circuit of a wave-signal receiver comprising a 
radio-frequency selector 5, an amplifier and 
detector circuit unit 6, and a signal reproducer, 
such as a loud speaker T. The selector 5 in 
ludes one or more tunable selective circuits rep 
resented schematically at 5a, the adjustable 
elements of which are connected for Operation 
with the adjustable condenser , 2, 3 by means 
of a unicontrol apparatus indicated at U. 
The operation of the dipole antenna, System of 

Fig. 1 will be apparent from the foregoing de 
scription. Briefly, high-frequency or ultra 
high-frequency signals intercepted and trans 
lated by the dipole antenna, are applied 
through the cable 4 to the input circuit of the 
radio frequency selector f5, wherein the desired 
signals are selected and undesired signals reject 
ed. The signals selected and amplified in unit 
5 are translated to the unit f6 wherein they are 

further ampified, selected and detected for ap 
plication to the loud speaker f7 for reproduc 
tion. It will be understood that, if the receiver 
5, 6 is of the superheterodyne type, the adjust 

able tunable circuit of the local oscillator will also 
be included in unit 5, as represented schemat 
ically by the tunable circuit 5d. 
By the connection of the adjustable element 

of the tunable circuit f Sd to the shaft by means 
of unicontrol mechanism U, adjustment of the 
tuning of the receiver 5, 6 is effective simul 
taneously to adjust the setting of the condenser 
f f, 2, 3, which is effective to adjust the cou 
pling between the outer ends of the antenna arms 
0a, Ob and the conductive shaft sections fa, 
b, respectively. These shaft sections when 

coupled, as described, effectively comprise with 
the arms Oa, Ob a folded-back dipole antenna, 
the effective electrical length of which is adjus 
able by the adjustment of the coupling between 
the outer ends of the antenna arms a, b and 
the elements a, b, respectively. By the prop 
er design of the unicontrol mechanism. U, which 
may include cam means or other variable ratio 
drive means, the adjustment of the condensef 

, 2, 3 may be related to the tuning of the re 
ceiver 5, 6 in such a way that the characteris 
tics of the dipole antenna System are always ad 
justed for optimum response at the frequency to 
which the receiver is tuned. It Will be under 
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4. 
stood that by optimum response is meant not 
only that the actual signal voltage picked up at 
the antenna is a maximum but also that its radia 
tion impedance, as reflected at the input circuit 
of the receiver unit 5, approximately matches 
the input impedance of unit is, it being Well 
understood that approximate impedance match 
ing at this point is required for effective trans 
lation of the received wave signal. 
In the modified form of the invention illus 

trated in Fig. 2, the means for variably loading 
the outer ends of the dipole antenna armS COm 
prise elongated conductive elements 22a and 22b 
individually extending from such opposed arms, 
together with adjustable capacitance means cou 
pling each of such elongated elements to its as 
sociated dipole arm. For example, the dipole 
antenna, comprises arms 20a, 20b which support 
'at their outer ends U-shaped brackets 2a, 2b 
from which extend the elongated conductive ele 
ments 22a, 22b, respectively, the units 22a, 225, 
preferably being co-axial with the antenna arms 
20a, 2b. The brackets 2a, 2b include sections 
2te, 2 f, respectively, of insulation material to 
isolate the extensions 22a, 22b from the arms 
22a, 20b, respectively. The arms 20a, 2b are 
hollow and enclose shafts 23a, 23b electrically 
separated at their inner ends by a section 23c of 
insulation material and provided at their outer 
ends with rotor plate means 23d, 23e, which co 
operate with stator plate means 2c, 2d mounted 
in the brackets 2d. and 2b, respectively, the 
stator and rotor plate means described compris 
ing adjustable capacitance means for coupling the 
elongated conductive elements 22a, 22b to the 
outer ends of the antenna arms 200, 20b, respec 
tively. The insulation section 23c may be knurled 
as indicated and comprise a manually operable 
adjusting means for the antenna, system. 
The operation of the antenna system of Fig. 2 

is substantially similar to that of Fig. 1 except 
that, as the elongated extensions 22a, 22b are 
adjustably coupled to the antenna arms 28a, 20b, 
respectively, the antenna system operates as an 
antenna, of effectively increased physical length 
rather than as a folded-back dipole antenna, in 
creased coupling of the elements 22a, 22b in 
creasing the wave length and decreasing the fre 
quency of optimum operation of the antenna sys 
ten. 
In Fig. 3, there is represented a modified form 

of the invention in which the means for loading 
or adjusting the effective electrical length of the 
dipole antenna, 3) is effected electrically so that 
it is particularly Suitable for remote control. 
Specifically, the dipole antenna, comprises arms 
30a, 3Cb adapted to be adjustably coupled to co 
axial elongated conductive elements 3a and 3b, 
respectively, effectively comprising extensions of 
the antenna, arms. The adjustable coupling is 
effected by adjustable capacitance means such as 
the pairs of condensers 32d, 32b; 33d, 33b; and 34d, 
34b, adapted to be selectively connected as cou 
pling elements between the antenna arms and 
their respective extensions by means of selector 
switches 35a, and 35b, respectively, which are 
preferably of the step-by-step type. The selector 
switches are provided with windings, 35c and 35d, 
connected to be energized from a control-signal 
transmitter 36, provided with an adjustable con 
tact element 36a, through a circuit including 
radio-frequency choke coils 37a and 37b, which 
are connected directly to the antenna arms 30a, 
30b, respectively, so that they serve to conduct 

75 both the translated high-frequency signal waves 
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and the control signals, which are of a relatively 
low frequency or direct current. - 
The operation of the antenna system, per se, of 

Fig. 3 is electrically the same as that of Fig. 2 
described above. The control signatransmitter 
36 and the step-by-step relays 35a, 35c and 35b, 
35d operate in a conventional manner to con 
hect: selected pairs of cofidensers 32d, 32b, 33a, 

:33b; or 34a, 34b between the antenna arms 3 ca, 
30 b and their respective extensions 3 ?a, 3 tit to . 
adjust the effective-electricallength of the dipole 
antenna in accordance with the frequency of the 

* Signal being translated. 
In the form of the invention represented in 

Fig. 4, the means for variably loading the ends 
of the antenna arms comprises reactance means 
individually coupled to the remote ends of the 
antenna arms, the reactance means having 
a negative reactance-frequency characteristic, 
whereby the electrical length of the antenna is 
effectively modified with respect to frequency to 
in part to the system the optimum response at 

...any selected. One of the different frequencies. With 
in the operating frequency band. By the term 
"negative reactance-frequency characteristic' as 
used herein and in the appended claims, is meant 

... a reactance characteristic which is the opposite 
of that of the usual physical reactance elements: 
for example, an inductive reactance which de 
creases, with frequency or a capacitive reactahe 

"Which inereases with frequency. 
Specifically, in the arrangement of Fig. 4, the 

dipole antenna, 40 comprises arms 49a, 40b, which 
are Variably loaded at their ends by means of 
variable reactance means 4a and -4b, respee 
itively. The reactancemeans 4d, 41b are identical 
and their components are identified by the same 
reference numerals. Each of the reactance means 
4a, 4b comprises a vacuum tube 42, preferably 
of the Screen grid type, connected directly be 
tween the end of its respective antenna arm and 
ground. The control grid of the vacuum tube 42 
is excited from a phase-splitting circuit compris 
ing a condenser 43 in series with a resistor. 44 
also connected between the end of its respective 
antenna arm and ground, the control grid being 
connected across the resistor portion of such 

I series circuit. Also connected between the end 
of the antenna arm and ground is a series cir 
cuit comprising an inductor 45 in series with a 
condenser 46, a diode rectifier 47 and a load re 
sistor 48 shunted by a filter condenser 49. The 
inductor 45 and condenser 46 are proportioned to 
resonate at or near the lower end of the fre 
quency range over which the antenna system is 
intended to operate. The signal developed across 
the load circuit 43, 49 is applied to the screen 
grid of the tube 42, as indicated. Operating 
potentials for the anode and screen of the tube 
42 are supplied from a suitable source --B 

- through resistors 59 and 5, respectively. 
In the operation of the system of Fig. 4, the 

phase-splitting circuit 43, 44 develops a voltage 
across the resistor 44 which leads the applied 
signal voltage by approximately 90, which ealuses 

, the anode current of tube 42 to lead its anode 
voltage, that is, the voltage at the outer end of 
its respective antenna arm, also by approximate 
ly 90°; thus, the tube 4.2 acts as a capacitive re 
actance, the magnitude of which is determined 
by its anode current which, in turn, is controlled 
primarily by its screen voltage. Since the circuit 
45, 46 is resonant at the lower end of the operat 
ing frequency band, its series impedance is a 
minimum and it passes a maximum current at 
such frequency, developing a maximum rectified 

0. 
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i voltage across the load circuit 48, 49 of diode 47 
which is applied to the screen grid of the tube 
42. The tube 42, under, such conditions, draws 
imaximum current and is the equivalent of a 
capacitance of maximum value. As the operat 
ing frequency, increases and the circuit 45, 46 
departs from resonance, this circuit draws leSS 
current and the rectified voltage across the load 
48, 49 proportionately decreases, thus decreasing 
the bias on the screen grid of the tube 42. That 
is, the tube 42 draws a maximum current, indicat 
ing a minimum capacitive reactance, at or near 
the low frequency end of the operating frequency 
range and such anode current decreases with in 
creasing frequency, indicating an effective in 
crease incapacitive reactance of the tube 42 with 
increase in frequency; that is, indicating a nega 
tive reactance-frequency characteristic. 

It can be shown both mathematically and ex 
perimentally that a dipole antenna, when loaded 
at the outer ends of its arms by a negative re 
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actance meains of the type described, the con 
Stants of which are proportioned to cancel the 
positive reactance component of the radiation 
impedance-frequency characteristic of the un 
loaded dipole antenna, has a substantially uni 
form and optimum response over the operating 
frequency range. 
From the foregoing it is apparent that each of 

the forms of the invention illustrated and de 
scribed above comprises an antenna, System in 
which the antenna, structure is of fixed physical 
dimensions and therefore one which is suitable 
for embodiment in the cabinet of a wave-signal 
apparatus with which it is designed to operate. 
IFurthermore, 2ny of the difficulties attendant 
upon the construction of an antenna of physically 
adjustable length are eliminated. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of the invention, it will be apparent to 
those skilled in the art that various changes and 
modifications may be made therein without de 
parting from the Spirit or scope of the invention. 
What is claimed as new is: 
1. A dipole antenna system adapted to trans 

late any of a plurality of wave signals of different 
frequencies within a wide frequency band com 
prising, a dipole antenna, structure including a 
pair of opposed rectilinear arrns of fixed physical 
length, a pair of variable capacitive reactance 
means disposed at the remote ends of said arms 
and individually coupled thereto for effectively 
modifying the electrical lengths of said arms to 
adjust the frequency of optimum response of the 
System, and means for simultaneously adjusting 
said variable capacitive reactance means for con 
trolling the frequency of operation of said sys 
ten. 

2. A dipole antenna system adapted to trans 
late any of a plurality of wave signals of different 
frequencies within a wide frequency band con 
prising, a dipole antenna structure including a 
pair of opposed arms of fixed physical length, a 
pair of elongated conductive elements individu 
ally associated with said arms in fixed relation 
thereto, said elements being insulated from said 
arms and from ground and capacitive reactance 
means for adjustably coupling each of said 
elongated elements to its associated dipole arm 
to adjust the frequency of optimum response of 
the system. 

3. A dipole antenna System adjustable to re 
ceive wave-signals of any desired frequency with 
in a wide band of frequencies comprising, a di 
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Tpole antenna, structure including a pair of Op 
iposed arms, a pair of opposed elongated conduc 
tive elements individually disposed generally par 
allel to and Spaced from said arms and having 
their adjacent ends electrically separated, and : 
capacitive reactance means for adjustably cou 
pling the Outer end of each of Said elements to 
the outer end of its associated dipole arm to ad 
just the frequency of optimum response of the 
System. 

4. A dipole antenna, System adjustable to re 
ceive Wave-signals of any desired frequency with 
in a wide band of frequencies comprising, a di 
pole antenna structure including a pair of op 
posed arms, a two-section elongated conductive. 
member disposed parallel to and spaced from said 
Opposed arms and including an insulating sec 
tion at its mid-point, and capacitive reactance 
means for adjustably coupling the outer ends of 
said member to the adjacent outer ends of said 
arms to adjust the frequency of optimum re 
Sponse of the System. 

5. A dipole antenna System adjustable to re 
ceive Wave-Signals of any desired frequency With 
in a wide band of frequencies comprising, a di 
pole antenna, structure including a pair of op 
posed arms, a pair of opposed elongated conduc 
tive elements individually disposed generally par 
allel to and spaced from Said arms and having 
their adjacent ends electrically separated, and 
an adjustable capacitance for adjustably cou 
pling the Outer end of each of Said elements to 
the outer end of its associated dipole arm to ad 
just the frequency of optimum response of the 
System. 

6. A dipole antenna system adjustable to re 
ceive Wave-signals of any desired frequency With 
in a Wide band of frequencies comprising, a di 
pole antenna structure including a pair of op 
posed arms, and adjustable condenser means 
comprising a two-section elongated conductive 
operating shaft including an insulating section 
at its midpoint, said shaft being disposed parallel 
to and Spaced from Said opposed arms, said con 
denser means Comprising Stator plate means 
mounted at the outer ends of said opposed arms 
and rotor plate means mounted at the Outer ends 
of said shaft and individually cooperating with 
said stator plate means to adjust the frequency 
of optimum response of the system. 

7. A dipole antenna, System adapted to trans 
late any of a plurality of wave signals of different 
frequencies within a wide frequency band Com 
prising, a dipole antenna, structure including a 
pair of opposed arms of fixed physical length, a 
pair of elongated conductive elements individu 
ally extending from said opposed arms in fixed 
relation thereto, and adjustable capacitance 
means for adjustably coupling each of Said elon 
gated elements to its associated dipole arm to ad 
just the frequency of optimum response of the 
System. 

8. A dipole antenna, System adjustable to re 
ceive wave-signals of any desired frequency With 
in a wide band of frequencies comprising, a di 
pole antenna structure including a pair of op 
posed arms, and reactance means individually 
coupled to the remote ends of said arms, said re 
actance means having a negative reactance-fre 
quency characteristic, whereby the electrical 
length of the antenna is effectively modified with 
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8 
respect to frequency to impart to the System op 
timum response at any of Said different frequen 
cies. V 

9. A dipole antenna System adjustable to re 
ceive wave-signals of any desired frequency with 
in a wide band of frequencies comprising, a di 
pole antenna structure including a pair of Op 
posed arms, and a pair of reactance tubes in 
dividually coupled to the remote ends of said 
arms, each of said tubes including input and out 
put electrodes and a regenerative coupling there 
between for imparting thereto a negative reac 
tance-frequency characteristic, whereby the elec 
trical length of the antenna, is effectively modi 
fied with respect to frequency to impart to the 
system optimum response at any of said different 
frequences. 

10. In a wave signal translating device which 
is tunable to a plurality of different frequencies, 
a dipole antenna system adapted to be contained 
in a housing with the translating device Com 
prising, a dipole antenna, structure including a 
pair of opposed rectilinear arms of fixed physical 
length, a pair of elongated conductive elements 
individually associated with Said arms in fixed 
relation thereto, said elements being insulated 
from said arms and from ground, a pair of War 
iable capacitive reactance means disposed at re 
mote ends of said arms and individually coupled 
to said arms and said associated elements for ef 
fectively modifying the frequency response of 
said system, and means for simultaneously ad 
justing said variable reactance means so that the 
frequency response of said system corresponds to 
the frequency of said device. 

11. In a wave signal translating device which 
is tunable to a plurality of different frequencies, 
a dipole antenna system adapted to be contained 
in a housing with the translating device compris 
ing, a dipole antenna, structure including a pair 
of opposed rectilinear arms of fixed physical 
length, a pair of variable capacitive reactance 
means disposed at remote ends of Said arms and 
individually coupled thereto for effectively modi 
fying the electrical length of said arms, and means 
for automatically adjusting said variable reac 
tance means in accordance with the tuning of said 
translating device so that the effective length of 
said arms is optimum for the frequency of said 
device. ap 
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