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This invention relates to multi-frequency antennas and 
more particularly to an antenna including a tuning net— 
work which is capable of transmitting and receiving 
waves of more than one frequency. 

It is a well known feature of radio operation that the 
antenna system in connection therewith be resonant at 
the frequency of operation. Although transmitters and 
receivers can operate with antenna which are not so 
resonant, it is desirable to secure the maximum redia 
tion which the antenna is capable of delivering and this 
can be accomplished only under resonant conditions. 
Sometimes it is desired that the same antenna system be 
capable of transmitting or receiving signals selectively 
at one or more frequencies. Such is often the case with 
amateur radio operators and in the case of aircraft radio 
operation and, sometimes, military radio communica 
tion. In some cases, it is desired to transmit from an 
antenna system at one frequency and to receive on the 
same antenna system at another frequency. In the case 
of extra hazardous operations, such as in connection with 
military or naval campaigns, it becomes desirable to 
maintain ordinary communication at one signal frequency 
and to maintain a condition such that a distress signal 
or other urgent communication may cut in or be 
transmitted between two points at a frequency other 
than the regular operating one. 

In these and many other situations where a multi-fre 
quency operation is desirable, the conventional means 
of attaining such operation has generally been accom 
plished by several expedients. 
The ?rst of these is the obvious solution of maintain~ 

ing a separate antenna system for each frequency. Ob 
viously, such an arrangement is expensive and multiplies 
the maintenance problem in connection with both trans 
mission and reception. 
The second conventional means of multi-frequency 

transmission and reception requires mechanism for 
switching in the tuning network of an antenna system. 
Since the network is often located inconveniently at a 
midpoint of a vertical antenna, the mechanical switching 
must be accomplished by such means as relays which 
in turn must be remotely controlled. Here again the 
method of switching is costly and adds extra working 
mechanism subject to failure and requiring additional 
maintenance. 
The third conventional means of attaining resonant 

transmission and reception at a plurality of frequencies 
lies in a tuneable network located at the transmitter or 
receiver and used in conjunction with a resonant con 
ductor connecting with the antenna system. The latter 
requires a variable length antenna in order to obtain 
resonance at various frequencies and does not ordinarily 
lend itself to an efficient mode of operation. One com 
mon useage of the latter mode of frequency switching 
occurs in aircraft transmission and reception where an 
antenna is unreeled from the airplane and allowed to 
trail therebehind at a ?xed distance. As the network 
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is tuned, the antenna may be reeled in or reeled out to 
a preselected position such as to create a resonant con 
dition. It will be noted that none of the foregoing con 
ventional antenna systems provides for transmitting or 
receiving at more than one frequency without the use of 
a costly and cumbersome switching set-up to attain the 
desired resonant conditions at the various operating 
frequencies. 

It is, therefore, an important object of the invention 
to provide for an antenna system which is capable of 
transmitting or receiving radio signals on more than one 
preselected frequency, the interchange between frequen 
cies being accomplished without recourse to mechanical 
switching devices and without resorting to the use of a 
resonant transmission line. 

It is another object of the invention to provide for 
a tuning network within an antenna system which will 
automatically provide for resonance at more than one 
preselected operating frequency. 

It is a further object of the invention to provide for 
an antenna system which can operate on several pre 
selected frequencies without resorting to the use of a 
resonant transmission line and without requiring physical 
switching at any position along the transmission line or 
within the tuning network, yet which will yield an ideal 
resonant condition whenever a transmitting or receiving 
signal of one of the preselected frequency values is ap 
plied to the antenna system. . 

These and other objects and advantages of the inven 
tion will more fully appear from the following descrip 
tion made in connection with the accompanying draw— 
ings wherein like reference characters refer to similar 
parts throughout the several views and in which: 

Fig. 1 illustrates a quarter-wave antenna using my 
system for resonating at two dilferent frequencies with— 
out switching or otherwise changing the physical dimen 
sions thereof; 

Fig. 2 illustrates the system of Fig. 1 with extra cir 
cuit element added to clarify evolution of the system; 

.Fig. 3 shows an extension of my invention in which 
the tuning network will provide for radio waves of three 
different frequencies, the system resonating at each of 
its frequencies; and 

Fig. 4 shows still another application of my invention 
in which a parasitic element is included in the multi 
frequency antenna system also without requiring switch 
ing or change in the physical dimensions of the antenna 
in order to produce resonance at the various frequencies. 

Referring now to the drawing, I show the simplest 
form of my invention in Fig. 1. However, for the pur 
pose of clari?cation and depicting the evolution of the 
system, reference is made to Fig. 2, which is equivalent 
to Fig. 1 with the addition of inductor 37. The antenna 
shown in Figs. 1 and 2 is generally of the grounded 
quarter-wave type which is particularly adaptable to 
the very high frequency range of radio signals. The 
device comprises a coaxial transmission line 10 which 
is connected to the transmitter or receiver (not shown) 
and leads to the lower end of an antenna. conductor or 
segment 11 as shown. The coaxial transmission line 
comprises a conductor 12 encased in and insulated from 
a metallic tubular member 13 which, in turn, is grounded 
at 14. The conductor 12 connects with the antenna 
segment at a mounting insulator 15 as shown. A tuning 
network T is interposed in the antenna segment 11 and 
is preferably positioned so that a portion 16 of the an 
tenna segment will extend above the tuning network T. 

Referring to the form shown in Fig. 2, the tuning 
network T of itself comprises a ?rst inductor 17a and a 
second inductor 17b which are connected to terminals 18 
and 19 of the antenna segment 11. In shunting rela 
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tionnwith- therinductors 17a and ll7b~is a third inductor 20 
and a capacitor 21 connected-Vin series combination. The 
latter two elements are likewise connected toterminals 
18.‘ and 19, but sutliciently far away from’ the inductors 
17a. and 17b, tov prevent electrical coupling. The entire" 
antenna system is'so devisedr=as to resonate at-two' fre 
quencies designated as Fl-at the loweri-frequencyland‘ 
F2 atithe. higher. The Iengthof- the conductor‘ or ‘seg 
mentll, ‘including‘the. upper portion 16, is so selected‘as 
to, behresonant at the higher frequency F2. The values; 
of the reactances of capacitor 21 and inductor 20 are 
so selected Cthlatseries resonance at the higher frequency 
F2‘ occursbetween the ‘terminals 18; and'19i It will be 
observed that, since a series-resonant circuit offers a very 
low impedance (zerotheoretically) :at the resonant fre-, 
quency, an electrical short’is provided‘across the ter 
minals-18 and '19.which will- still leave the conductor or 
segment 11 resonant at the higher frequency F2; 

Because there is very» low- impedance across the ter 
minals~18 and 19 of the-antenna conductor or segment 11 
atthe- rescnantfrequency F2, the circuitelements 17a 
and 17b will have no effect upon-the behavior of'th'e 
antenna system at the higher frequency F2.‘ 
the inductor.v 17b is of such a value which, in conjunc 
tion. with theinductorZO-and'v capacitor 21,- will'form 

' a parallel.resonantcircuit across the'terminals l8‘and' 
19 vat:the lower frequency F1: Sincea-parallel resonant‘ 
circuit presents in?nite impedance across its terminals, 
the. ser-iescombination- of ‘the inductor 20-‘and the ,capaci-' 
tor-21> is, to all’ intents and purposes, not effectively 
connected across the terminals 18 Land 1;9'at the lower 
frequency F1. 

antenna segmentll the-system isresona-nt ‘at. its lower 
_ frequency F1; It should be noted that, the parallel com 
binationsof inductors 17a and 17b- with’ inductor 20" 
and capacitor‘ 21' is not; in itself;v resonant ‘at the lower 
frequency F1; 

In~.the= practical» application of ‘my antenna system, 
inductors 17a and 1712, are combined in their parallel“ 
equivalent, inductor~17 -‘ (Fig.- l), and I provide for varia 
tion in the. settingswof"inductors~17"and '20 as well‘ as 
in capacitor 21. 
these. elements have been ~pre-set for two selected “fre 
quenciesin the light of surrounding factors which may, 
vary to some degree the value of the settings, they-need" 
not be. altered until such time as 'it is desired 'to operate 

However, _ 

~ The magnitude of inductance value in. 
inductor. 17a is selected so that- in-conjunction with. 

It is» understood,‘ however, that .when. 
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example; The network Tw comprised an inductor 17' 
which was physically one and seven-sixteenths inches in 
diameter and two and one-quarter inches long and has 
an inductance value of 2.21 microhenrys. The inductor 
20 was physically one and seven-eighths inches long and 
seven-eighths inch in diameter, having an inductance 
value of 0.845 microhenry. The capacitor 21 had a ca 
pacitance 015,36 micromicrofaradslwhlen installed upon an 
automobile in conventional manner, the system resonated 
on a lower frequency F1.of‘14.2.megacycles.and likewise 
resonated‘at a higher frequency F2v of 29'megacycles, the 
system 1 resonating, as, a quarter-wave; antenna . working 
against a ground plane. . 

Referring now- to Fig. 3, I‘have there shown an ex 
ample of a three frequency antenna system embodying 
my invention. In this case, I desire to resonate the an 
tenna system at three frequencies designated as F1, F2 
and ‘FS‘in increasing-order. The connection. between the 
coaxial cable 10"‘With' the antenna conductor or segment 
11" is the same as that disclosed in-the diagrammatic 
representation of Fig. 1,‘.the insulator 15 and‘ ground 
connection 14‘ being similarly arranged.‘ In the three fre 
quency system, however, the tuning, network may, be 
divided'into sub-networks such‘ as an upper network‘Tl. 
and. a lower network‘ T2‘ interposed. in series within. 

In this case, the theantenna conductor or segment '11. 
inductor 22‘and capacitor 23 ‘are of such a Value as to 
resonate at the highest frequency F35. The inductor 24-1 
and the capacitor 25"‘are of'such a value as to resonate 
also ‘at the highest frequency F3. The inductor 26 "and ' 
the capacitor 2Tare of such values as to be series~resonant 
at the intermediate frequency F2." Inductor 28‘ is elec 
trically shorted ~on the intermediate and highest fre 
quency FZ'Jand ‘F3? by series circuits across terminals 
29"—30' and_31‘—-32.“ The inductor 28 has an inductance 
value which will" resonate the entire system at the lowest ' 

. frequency F1;v 

on‘two other frequencies or‘under such" other circum-. ' 
stancesaswill a?ect the values of ‘the physical dimensions 
in the system. 
When'used on ya mobile vehicle, the quarter-wave an 

tennamay use thefrarne-of the vehicle such‘as an. auto- . 
mobile. fora mirrorre?ectingsurface which will: com 
plement the quarter-wave antenna system so as to effec 
tively produce thehalf-wave WhlCh'iS requisite for reso 
nance.-~ Where thetransmission line 12*is very shortandj 
constant» in nature, it may-enter into the antenna system. 
However, in-orderto-prevent introducing unnecessary. 
variablesemtohmy device, I prefer-the grounded coaxial ' 
cablev which1 prevents the-transmission line from par 
ticipating in, radiation: 
A speci?c ‘example ~of~1~values~ which I have success— 

fully i employed. to achieve“myamulti-frequency transmis 
sion. and reception are-giv'enbelowas follows. . Referring 
againuto. Fig.’ 1, the-transmission ‘line which I employed; 
was»_an.;R.G.-8i-Bar U- coaxial (Slobms) grounded 'at 
the .outer end: and the-‘conductor of the transmission line 
connected tov the<bottom- of an insulatedrantenna conduc- 
tor, . o1: segment. one-quarter inch in - diameter and“ thirty 
seyen.andrseveneeighths. inches iongrto-the terminal 18.! 
The i. remainder .of -.the antenna-conductor. or. segment 1.11 

inch; iii-diameter.- . It’ should/be .ncted thatuthe diagram? 
maticrepresentation in Fig_._‘_ 1 does notnecessarily corre; 
spond proportionally to the values given in this speci?c 

50 

, preselected frequency. 
ment are selected so. as. to have a correct‘ corresponding: 

60 

65 

The foregoing illustration resonates the entire system 
uponthe application of‘each' of the above mentioned‘ 
three- frequencies, operating, as a quarter-Wave antenna 
against either ground ‘or -a ground plane. 

Referring now to Fig. 4, I ‘show therein .an extension. 
of my network technique to. a parasitic system. In this 
case, the, parasitic or driven elementicompris‘es a pair 
of arms 37 ‘and a network T3"in, spaced ‘relation with'an 
antenna 36, the transmission line and'ground system be-v 
ingsimilar to that shown in Figs. 1 and '2'.‘ Thetuning ' 
network T3, however, comprises a slightly different ar 
rangement of conductors. In this instance, T3"has_, as.one 
of its conductors, an inductor 33 and a capacitor 34 in. 
series. A‘vsecond conductor comprisesanother capacitor 
35 which is in parallel with the elements 33 ‘and 34.‘ The 
antenna or drivingelement 36 :is mounted close to the 
parasitic element and may comprise either a director or 
re?ectoras is common in theart. The. inductance'33 ‘and. 
capacitance,34 are made series resonant at the lower 

The arms 37 of the parasitic ele 

electrical length, thus shorting the element across the 
network‘terminals; The combination of‘values of in 
ductance 33,‘capacitance 34 and capacitance 35 "is chosen 
to present the proper value of reactance at a higher pre 
selected frequency so as to tune the parasitic element at 
the higher frequency. In‘ the special case where the lower 
frequency is exactlyhalf'of 'the higher frequency, the 
combination results in parallel resonance across the ter 
minals of the tuning network‘TS "at'the'higher-of‘the' 
two ‘frequencies: The ‘capacitors’ 34 and‘ 35 aremade ‘ 
variable 'to facilitate adjustment of tuning‘on'th'e lower 
and‘ 1 higher frequencies > respectively. 

It may’. thus-beseenthat I have devised a simple-and.‘ 
troublefree antenna. system which is. capable‘ of ‘trans-. 
mittinggor receiving signals of more than one preselected; 
frequency without providing separate antennasandme 
chanical switching mechanism for activating one or the 

l 



2,898,590 
5 

other of several such antennas. In accomplishing the 
foregoing, I have maintained a resonant condition for 
each of the preselected operating frequencies. 

It will, of course, be understood that various changes 
may be made in the form, details, arrangement and pro 
portions of the parts Without departing from the scope 
of my invention. 
What I claim is: 
1. An antenna system adapted for connection with a 

coaxial cable for automatically accommodating a plu 
rality of radio signals of preselected frequencies, com 
prising an antenna segment having a plurality of ad 
jacent sections, one of which is connected to the coaxial 
cable, a plurality of tuning networks each providing series 
interconnection between adjacent sections of said antenna 
segment, each of said networks including an inductance 
of preselected value and each also including a ?rst seriesw 
connected inductance and capacitance of preselected value 
and connected in shunting relation with said ?rst-men 
tioned inductance, one of said networks being connected 
into the antenna segment between the coaxial cable and 
another of the networks and also including a second 
series-connected inductance and capacitance of prese 
lected values connected in shunting relation with said 
?rst mentioned series-connected inductance and capaci~ 
tance, said preselected values of inductance and capaci 
tance creating a resonant condition at each of said pre 
selected frequencies without requiring mechanical switch 
ing or change in physical dimension of said antenna 
system, whereby a plurality of signals of different fre 
quencies may be supplied to and transmitted by said an 
tenna segment, 
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2. An antenna system for automatically accommodat 

ing a plurality of radio signals of preselected frequencies 
comprising an antenna segment having ?rst, second and 
third sections, said ?rst section being connected to the 
coaxial cable, a ?rst tuning network connected between 
said ?rst and second antenna sections, a second tuning 
network connecting said second and third antenna sec 
tions, each of said networks including an inductance of 
pre-selected value and each also including a ?rst series 
inductance-capacitance circuit resonant at a ?rst fre 
quency and connected in shunt relation with said ?rst 
mentioned inductance and said ?rst tuning network also 
including a second series inductance-capacitance circuit 
resonant at a second frequency and connected in shunting 
relation with the inductance of the ‘first network, said 
second tuning network being resonant at said second fre 
quency and the ?rst tuning network being resonant at 
a third frequency whereby to permit signals of three 
frequencies to be supplied to and transmitted by said 
antenna segment. 
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