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This invention relates to radio transmission 
systems and more particularly radio frequency 
coupling circuits generally employed between a 
transmitter and its associated energy radiator. 

En radio transmission systems, it is particular 
ly-important to maintain maximum effective 
energy transmission, and radiation at one pre 
determined fundamental frequency and care must 
be taken to prevent radiation at other frequen 
cies, especially at such frequencies which are the 
multiple of the fundamental, generally referred 
to as harmonics. 

Radiation of harmonics of the fundamental 
may be due to several causes, traceable either to 
the oscillator and associated power amplifier stage 
or to the coupling circuit between the final stage 
and the antenna, where it most frequently oc 
curs. Harmonic generation in the tube circuit 
is due to the distortion of the wave shapes. These 
may be reduced to a considerable extent by the 
proper use of tubes and the critical adjustments 
of the circuits into which they function. How 
ever, the fulfillment of these conditions does not 
prevent the radiation of harmonics due to the 
antenna, and characteristics of the coupling cir- ; 
cuits. A transmission line or an antenna system 
has a distribution of inductance and capacity, 
and some of the harmonics generated in the tube 
circuits, although of very low percentage, may 
correspond with Some of the harmonic frequen 
cies of the transmission line or the radiation sys 
ten and produce excessive harmonic radiation. 
The particular feature of the present invention 

is the elimination of harmonics which may be 
present in the coupling circuit and the prevention 
of their radiation by the antenna. 
Another feature of importance characterizing 

this invention is the provision of a coupling cir 
cuit in which energy transfer is accomplished at 
the fundamental frequency at maximum efficiency 
whereas currents of the harmonic frequencies are 
substantially counteracted by similar currents in 
phase opposition derived from a portion of the 
circuit rich in harmonic content. 
In accordance with the invention, the capacity 

current in the tank circuit is utilized to obtain 
a voltage at a harmonic frequency, of Such mag 
nitude and polarity as to cancel the harmonic 
voltage in the antenna circuit. The antenna sys 
tem is coupled to the tank circuit of the final 
radio frequency output stage by an arrangement 
of compound coupling to the inductive as Well as 
the capacitive branch of the tank circuit, the 
two couplings being in opposite phase relation 
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With respect to the undesired harmonic frequency 
components. 
Other features and advantages will be apparent 

from the following description of this invention, 
pointed out in particularity by the appended 
claims, and taken in connection with the accom 
panying drawing, in which: 
Figure 1. ShoWs one embodiment of this inven 

tion. Wherein both couplings are inductive; 
Fig. 2 shows a preferred embodiment in which 

the second coupling is taken directly from the 
capacitive branch; and 

Fig. 3 illustrates a modification in which the 
capacitive branch has a resistance in series for 
deriving the harmonic voltage. 

Referring to the drawing, in Fig. 1, the vacuum 
tube has in its plate circuit the parallel reso 
nant tank comprising the inductance 2 tuned by 
the capacity 3. A coupling coil 4 transfers the 
output power to the antenna 5 in conventional 
manner through an antenna loading coil 6. An 
additional coil is placed in the capacitive branch 
of the tank circuit in series with the condenser 3. 
Another coil 8 is coupled with the coil 7 and is 
So connected in the circuit in series with the 
antenna, coil that at harmonic frequencies its 
induced voltage is in phase opposition with the 
voltage induced therein by the tank coil. 2. Since 
both coils 4 and 8 are in series and since in a 
tank circuit the capacitive branch will contain 
predominantly harmonic currents in comparison 
With the inductive branch, the harmonic com 
ponent can readily be cancelled out in coil 4. 
The harmonic component usually is only a frac 
tion of the fundamental, hence both coils 7 and 
8 may be made very small to produce the required 
magnitude of harmonic voltage to counteract the 
voltage in the coupling coil 4. 
In the circuit of Fig. 1 as well as in the others, 

only the essential portion of a radio transmitter 
is shown in order to simplify the drawing and the 
description, and to more clearly point out the in 
vention which resides in the particular portion 
of a radio transmission system. 
The tube f is the source of radio frequency 

energy which in practical application is generally 
a power amplifier stage, although it may be any 
Suitable source for producing high frequency 
Currents. The various connections which are 
necessary in the grid and filament circuits of the 
tube f and preceding stages have been omitted. 
To those skilled in the art, the necessary connec 
tions for the various electrodes of the tube as well 
as the other components of a radio transmitting 
system will be self-evident. The capacity 9 shown 



2 
in all figures is the uSual by-pass condenser fur 
nishing a low-impedance path to radio frequency 
currents. Similar elements in the various figures 
are indicated by identical reference characters. 

Referring to Fig. 2, the output circuit of tube 
includes the tank circuit comprising the in 
ductance 2 and the main turning capacity 3. In 
Series with the latter there is an additional ca 
pacity , the junction point of the two capacities 
being connected by lead to the antenna, cou 
pling coil 4, the other terminal of which connects 
through the loading coil 6 to the antenna, 4. In 
parallel with the antenna, coupling coil 4 is a 
Series resonant circuit comprising the condenser 
2 and the inductance 3. It is seen that by 
means of the connection the second capacity 
0 in the capacitive branch of the tank circuit 

is effectively in series with the antenna coupling 
coil 4. The capacity current flowing in the ca 
pacitive branch produces a Voltage drop across 
the condenser which is applied to the antenna, 
coupling coil 4. This voltage will be predom 
inantly at a harmonic frequency, and being in 
phase opposition with any induced voltage in coil 
4 from the tank inductance 2, it will effectively 
cancel out the harmonic voltage. The series reso 
nant circuit shunting the antenna, coupling coil 4 
is tuned to the fundamental frequency in order to 
provide a low impedance path for currents at the 
fundamental frequency. Which may be trans 
ferred from the capacitive branch in order to pre 
Went cancellation thereof due to the inverse con 
nection of coil . 
The operation of the circuit of Fig. 2 in can 

celling out all harmonic voltages from the an 
tenna, may be shown mathematically as follows: 
Let 

E=harmonic voltage generated by tube 
XL=the reactance of the tank coil 2 at funda 

mental frequency 
Xc=the reactance of the main turning capacity 

3 at fundamental frequency 
X'c=the reactance of the series capacity 0 at 

fundamental frequency 
a M=the mutual inductance between coils 2 and 4 

at fundamental frequency 
n=the Order of harmonic (n=2 for Second, 3 

for third harmonic, etc.) 
Ic=harmonic current through main tuning ca 

pacity 3. 
IL-harmonic current through tank coil 2. 
Now at any harmonic frequency 

na 
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I = E. 7E 
TXe X-Xai-X'. 

2, 

E. 
It is, 

Harmonic voltage induced in antenna circuit 
by mutual induction between coils 2 and 
4=inlollyI=EL. 
Harmonic voltage across condenser = 

- f 

- iIcX C Ec 
7. 

Et-n’Ilo M-n'EcolM(Xc-X'c) 
E. Ic-X'c - n2 EXIX 

Hence by making XLX"c = - wM(Xc-X'c), 
EL=Ec, or EL-Ec=0 With proper polarity there 
Will be no harmonic voltage in the antenna. 

10 

15 

20 

25 

30 

35 

40 

50 

60 

70 

75 

2,253,381 
Since n is perfectly general, this holds for all har 
monics simultaneously. This would indicate that 
the fundamental is also cancelled out. However, 
the analysis neglects the antenna, component of 
current in the condenser ; this is practically 
true of all harmonics, but not of the fundamental. 
However, ILM does introduce a voltage of such 
relation that the voltage across condenser O may 
not compensate for it and at the same time pro 
duce full output in the antenna. For this rea 
son, it is desirable to short out the antenna, coil 
4 for the fundamental only by means of the series 
tuned circuit shown. 

Referring to Fig. 3, the circuit components are 
the same as in the previous figures, except that in 
series with the main tuning capacity 3, there is a 
resistor 4. The junction point of the latter and 
the condenser 3 is connected to the antenna, cou 
pling coil 4 by means of lead in the same man 
ner as shown in Fig. 2. The operation of the cir 
cuit is similar to Fig. 2, the capacity current flow 
ing through the resistor 4 producing the neces 
Sary harmonic voltage which is applied to the an 
tenna, circuit. Since the harmonic voltages are 
always Small, the resistor need not be so large as 
to seriously interfere with the tank circuit oper 
ation and consequently will consume little power. 

I claim as my invention: 
1. In a coupling circuit for radio frequency en 

ergy transfer, an input circuit comprising in 
ductive and capacitive branches substantially in 
parallel and having undesired harmonic com 
ponents of a frequency to be transferred to a sub 
stantially greater extent in one of said branches 
than in the other, a primary output Work cir 
cuit Capable of transmitting undesired harmonic 
components of said frequency, means for coupling 
said output work circuit to said inductive branch 
circuit, a separate secondary output circuit cou 
pled to Said capacitive branch Circuit, and a cur 
rent conductive connection only coupling said 
means for coupling and said secondary output 
circuit. Whereby Said undesired harmonic CompO 
nents are mutually counteracted. 

2. In a system for radiating electro-magnetis: 
waves, a source of radio-frequency energy in 
cluding a tank circuit tuned to the frequency de 
sired to be radiated comprising impedances 
branches and, having undesired current compo 
nents of a multiple of Said desired frequency to a 
Substantially greater extent in One of Said in 
pedance branches than in another, an energy 
radiator, capable of transmitting undesired cur 
rent components of a multiple of said desired 
frequency, means for coupling said radiator to 
said other branch of Said tank circuit for 
energy transfer at Said desired frequency and 
Separate means for Simultaneously only coupling 
said radiator to said one branch of said tank cir 
cuit carrying predominantly said undesired com 
ponents, said couplings being in opposite phase 
relation with respect to said undesired compo 
nents whereby said undesired components in said 
tank circuit and in said energy radiator are mu 
tually counteracted. 

3. In a System for radiating electro-magnetic 
Waves, a Source of radio-frequency energy in 
cluding a tank circuit comprising an inductive 
branch and a capacitive branch, including a main 
tuning capacity substantially in parallel and 
tuned to a desired frequency to be radiated, said 
tank circuit carrying undesired harmonic cur 
rent components of a multiple of said desired 
frequency, a Second capacity in series with said 
capacitive branch, an energy radiator comprising 
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an antenna circuit having inductive reactances 
in series, one of said reactances being coupled to 
said inductive branch for energy transfer at the 
desired frequency, a current conductive connec 
tion between one terminal of said last mentioned 
reactance and the junction point of said second 
capacity and said main turning capacity whereby 
said second capacity is serially included in said 
antenna, circuit, the harmonic components cur 
rents therein tending to cancel similar com 
ponents in said antenna circuit. 

4. In a system for radiating electro-magnetic 
waves, a source of radio-frequency energy in 
cluding a tank circuit comprising an inductive 
branch and a capacitive branch, including a 
main tuning capacity substantially in parallel 
and tuned to a desired frequency to be radiated, 
said tank circuit carrying undesired harmonic 
current components of a multiple of said desired 
frequency, a second capacity in series with said 
capacitive branch, an energy radiator compris 
ing an antenna circuit having inductive react 
ances in series, one of said reactances being 
coupled to said inductive branch for energy trans 
fer at the desired frequency, a current conduc 
tive connection between one terminal of said last 
mentioned reactance and the junction point of 
Said second capacity and said main tuning ca 
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pacity, whereby said second capacity is serially 
included in said antenna circuit, the harmonic 
components currents therein tending to cancel 
similar components in said antenna circuit, and 
a series resonant circuit tuned to said desired 
frequency paralleling said reactance. 

5. In a system for radiating electro-magnetic 
Waves, a Source of radio-frequency energy in 
cluding a tank circuit comprising an inductive 
branch and a capacitive branch, including a main 
tuning capacity substantially in parallel and 
tuned to a desired frequency to be radiated, said 
tank circuit carrying undesired harmonic current 
components of a multiple of said desired fre 
quency, a resistance in Series with Said capacitive 
branch, an energy radiator comprising an an 
tenna, circuit having inductive reactances in 
series, one of said reactances being coupled to 
said inductive branch for energy transfer at the 
desired frequency, a current conductive connec 
tion between one terminal of Said last mentioned 
reactance and the junction point of said resist 
ance and said main tuning capacity, Whereby 
Said, resistance is serially included in Said an 
tenna circuit, the harmonic components currents 
thereintending to cancel similar components in 
said antenna circuit. 

REUBEN LEE. 


