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My present invention relates to high fre 
quency receiving systems, and more partic 
ilarly to anteiiia coupling circuits utilized 
in broadcast receivers. 
Antenna coupling circuits used in broad 

cast receivers are of two general types. in 
one type, the antenna is tuned to a frequency 
higher than i500 kilocycles, and, in the other, 
the antenna is tuned to a frequency iower 
than 550 kilocycles. The first, or high fre 
quency antenna circuit, is efficient Only at 
high frequencies, and the second, or low fre 
quency antenna circuit is efficient only at low 
frequencies. The reason for this is the vari 
ation of reactance with frequency, and the 
resultant change from the optimum coupling 
condition. If an antenna is resonant to a 
high frequency, its reactance, at all lower 
frequencies, will in an approximately linear 
manner become more negative. On the 
other hand, the converse is true of an an 
tenna resonant at a low frequency. 
Whatever the antenna reactance may be 

there is a certain optimum coupling to the 
first tuned circuit which gives the greatest 
signal strength. Closer coupling than the 
optimum value reduces both signal strength 
and selectivity. Looser coupling causes loss 
of signal strength, and a slight increase in 
selectivity. If the antenna reactance is low, 
the optimum coupling is secured with a small 
value of mutual inductance. If the an 
tenna reactance is high, the greatest obtain 
able amount of mutual inductance may be 
insufficient to give optimum coupling. 

Specifically, if the antenna were tuned 
above 1500 kilocycles the best results would 
be secured if the coupling to the following 
tuned circuit were loose when receiving sig 
rials in the neighborhood of 1500 kilocycles, 
and gradually became closer as the tuning 
was varied to receive signals of lower fre 
quency. But, in order to tune the antenna to 
a frequency higher than 1500 kilocycles, the 
amount of series inductance i.e., the coupling 
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coil, must be kept small; this limits the ob 
tainable coupling to a very Small amount, 
which, at 550 kilocycles, is only a small frac 
tion of the optimum coupling. If the cou 
pling coil is increased in size, and a series con 
denser is inserted to keep the resonant fre 
quency of the antenna from changing, the 
antenna reactance at low frequencies is pro 
portionately higher, and the obtainable 
couping is no closer to the optimum value 
than before. 
Now, i have discovered a method of, and 

devised novel arrangements for, eliminating 
the difficulty described above, and to get 
efficient energy transfer from the antenna to 
the receiver at all wave frequencies, it being 
proposed as the main object of the present 
invention to tune the antenna to a fre 
quency close to that to which the receiver is 
tuned, either higher or lower, but prefer- 6 
ably higher; to adjust the coupling so that ' 
it approaches as close to the optimum condi 
tion as is desired; and, then, to cause the an 
tenina tuning to vary in such a way, as the 
receiver is tuned to higher or lower fre 
quencies, that the optimum coupling value 
remains substantially constant. 
Another object of the present invention is 

to provide a broadcast receiver provided with 
a frequency selecting means, and additional 5 
means, adapted to be simultaneously actuated '' 
With said selecting means and to be connected 
to an antenna circuit, for tuning said latter 
circuit to a different frequency than said 
eCelWe. 

Still other objects of the invention are to 
improve generally the efficiency of broadcast 
receivers, and to particularly provide, in 
Such a receiver, an arrangement for coupling 
an antenna to the receiver which is reliable 
in Operation, and economically assembled in 
the receiver. 
The novel features which I believe to be 

characteristic of my invention are set forth 
in particularity in the appended claims, the go 
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invention itself, however, as to both its or 
ganization and method of operation will best 
be understood by reference to the following 
description taken in connection with the 
drawing in which I have indicated diagram 
matically several circuit organizations 
whereby my invention may be carried into 
effect. - 

In the drawing, - 
Fig. 1 graphically shows the operation of 

a high frequency antenna, 
Fig. 2 graphically shows the operation of 

a low frequency antenna, - 
Fig. 3 diagrammatically shows a receiver 

circuit embodying the invention, 
Fig. 4 diagrammatically shows a circuit 

embodying a modified form of the invention. 
Referring to the accompanying drawing 

in which like characters of reference indi 
cate the same elements in the different fig 
ures, there is shown in Fig. 1 the effect of 
maintaining an antenna circuit tuned to a 
high frequency, for example above 1500 kilo 
cycles. It will be observed that the react 
ance of the antenna is essentially capacita 
tive, and that the antenna is efficient only at 
the high frequencies, since its reactance is too 
high at lower frequencies. 

In Fig. 2 there is shown graphically the 
effect of maintaining an antenna circuit 
tuned to a relatively low frequency, for ex 
ample below 550 kilocycles. In this case, it 
Will be noted that the reactance of the anten 
na circuit is essentially inductive, and the 
antenna is efficient only at the low fre 
quencies, because its reactance is too high 
at high frequencies to permit efficient opera 
tion with the same coupling that works well 
at low frequencies. Obviously due to the 
variation of reactance with frequency, as 
demonstrated in Figs. 1 and 2, maintenance 
of the optimum coupling condition between 
the antenna circuit and the first tuned cir 
cuit to which the antenna is coupled, must 
necessarily involve changes in the coupling 
with changes in frequency transmitted 
through the coupling. 

In the present invention, it is a main ob 
ject to maintain coupled antenna and re 
ceiver circuits at the optimum coupling 
value, or at a desired coupling less than the 
optimum but in a definite ratio thereto. 
This object is attained, not in the usual man 
ner, by adjusting the coupling, but by ad 
justing the antenna, as the receiver is tuned, 
in such a way that the optimum coupling 
value is equal to the actually existing cou 
pling, or has a definite ratio thereto, this be 
ing preferably accomplished without physi 
cally disturbing the coupling elements be 
tween the antenna and the first tuned circuit. 
In Fig. 3 there is diagrammatically shown 

a receiver circuit of the well known tuned 
radio frequency type, which embodies a plu 
rality of electron discharge tubes 1, 2 each of 
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the tubes having a tunable input circuit, the 
input circuits being tuned by variable con 
densers 3, 4. The output circuit of each tube 
is coupled in cascade, in a manner Well known 
to those skilled in the art, to the tuned input 
circuit of a succeeding tube. The output cir 
cuit of the tube 2 is coupled to the tunable 
input circuit of a tube 5, connected for detec 
tion in the well known manner, and having 
its input circuit tuned by a variable condens 

The output circuit of the detector tube 
5 is coupled in the conventional manner to 
one, or more, stages of audio frequency alm 
plification 7, only one stage being shown for 
the sake of simplicity. The amplified audio 
output is coupled in the usual manner to any 
desired type of utilization means, such as a 
loudspeaker and the like. 
The secondary inductance coil 8, connected 

across the variable condenser 3 in the tuned 
input circuit of the first radio frequency am 
plifier 1, is coupled, as at M, to the primary 
inductance coil 9 connected in the antenna 
circuit A, grounded as at G. A variometer 
10 is connected in series with the primary coil 
9 in the antenna circuit, and the variometer 
rotor 11 is mechanically coupled for simulta 
neous movement with the rotors of the vari 
able condensers 3, 4 and 6. This mechanical 
coupling may be arranged in any well known 
and desirable manner, and is accordingly, 
conventionally represented by the arrows 
connecting dotted line 12, the latter function 
ing as a common tuning and coupling control. 
As explained heretofore, by means of the 

variable inductance in series with the antenna 
and the coupling coil 9, it is possible to main 
tain a substantially constant optimum cou 
pling value between the coils 9 and 8 during 
uning throughout the broadcast range. 
This is accomplished, in the circuit shown in 
Fig. 3, by tuning the antenna to a frequency 
close to that to which the receiver circuits 3, 
4 and 6 are tuned, either higher or lower, 
but preferably higher; adjusting the cou 
pling so that it approaches as close to the 
optimum value of lyi as is desired; and, then, 
designing the variometer i0 in such a manner 
that the antenna tuning is at all times higher 
(or lower), and different from the frequency 
to which the circuits including the variable 
condensers 3, 4 and 6 are tuned. 

Specifically, the antenna circuit might be 
tuned to 1650 kilocycles when the receiver 
circuits 3, 4 and 6 are tuned to 1500 kilo 
cycles; to 1100 kilocycles when the receiver 
circuits are tuned to 1000 kilocycles; and to 
605 kilocycles when the receiver circuits are 
tuned to 550 kilocycles, it being observed that 
these figures are given for illustration only, 
and are not necessarily representative of a 
preferred construction. - - - - 

The desired optimum coupling value re 
mains substantially constant, by means of the 
aforementioned design, for the reason that 
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the amount of coupling which must be used 
to obtain the greatest currentir, the tuned cir 
cuit (which is, of course, the optimum cou 
pling) depends on both the frequency and the 
antenna reactance; and the effect of varying 
the frequency is compensated by varying the 
antenna reactance. The optimum coupling 
is given by the equation: 

(1) cM= Z -WRIR 
where o=2t Xfrequency. 
M = mutual inductance between antenna 

and first tuned circuit 
Z = antenna reactance (= R,--X) 
f = antenna resistance 
Re-resistance of tuned circuit. 
This equation may be rewritten as: 

Now if R/R is considered to be constant 
(which is not far from the truth), the opti 
mum coupling M will be constant if the ratio 
Z/o) is constant. Under the specified con 
dition, that the antenna is tuned to a fre 
quency either higher or lower than the fre 
quency of the tuned circuit, (and therefore 
higher or lower than the signal frequency), 
the resistance R will be small compared with 
the reactance X, and therefore, we may write 
is a good approximation 

(3) M = X/o VR/R. 
it is now evident that to maintain optimum 

coupling (or a desired coupling smaller than 
optimum), it is only necessary to control 
the antenna reactance so that 

X 
C) 

is constant. 
A modified form of the invention is shown 

in Fig. 4 wherein the antenna circuit A, 9 
and G, is tuned by a variable condenser 13 
sh inted across the coupling coil 9. The rotor 
of the condenser 13 is mechanically connected 
for simultaneous variation with the rotors 
of the variable condensers 3, 4 and the vari 
abie condenser 6 of the detector stage 5, not 
shown in order to preserve simplicity. It 
is to be understood that the arrows and 
dotted line 12, in Fig. 4 will be any desired 
type of mechanical adjusting means, well 
known to those skilled in the art, whereby a 
common tuning and coupling control means is 
provided. 

it is to be understood, furthermore, that 
the variable series inductance in Fig. 3, and 
the variable shunt capacity in Fig. 4 are 
shown by Way of example only, to illustrate 
two methods of adjusting the reactance of 
an antenna and that variable capacities either 
in series or shunt, or both, or variable in 
ductances in series or shunt, or both, or com 
binations of variable capacities and variable 
inductances, could be used. 

3 

Again, the antenna circuit in each of Figs. 
3 and 4 is tuned to a frequency different from, 
and higher than, (or lower than) the fre 
quency to which the succeeding receiving cir 
cuits are tuned, utilizing in the case of Fig. 
4 any arrangement in the prior art wherein 
the tuning condenser 13 has its rotor mount 
ed for common mechanical movement with 
the rotors of the condensers of the succeeding 
stages and so proportioned relative to the 
latter that the desired frequency difference is 
secured. The rotor on the shaft could be 
turned, or offset, with respect to the other 
tuning condensers. It would also be pos 
sible to use more or fewer plates on the an 
tenna condenser; to make the total induc 
tance at the antenna circuit different from 
that in the amplifier stages; or to cut the 
plates of the antenna condenser to a special 
shape to produce the required frequency dif 
ference. A similar arrangement can be 
adopted in the case of Fig. 3, the variometer 
rotor in such case being designed to secure 
the same results. - 
While I have indicated and described sev 

eral systems for carrying my invention into 
effect, it will be apparent to one skilled in 
the art that my invention is by no means lim 
ited to the particular organizations shown 
and described, but that many modifications 
in the circuit arrangements, as Well as in the 
apparatus employed may be made without 
departing from the scope of my invention as 
set forth in the appended claims. 
What I claim is: 
1. A method of efficiently transferring en 

ergy from an antenna circuit to a receiver 
circuit at all frequencies in a receiver fre 
quency range, which consists in tuning the 
receiver to a desired frequency, adjusting the 
coupling between the antenna and receiver 
to substantially the optimum value desired, 
and causing the antenna tuning to vary si 
multaneously with the receiver tuning 
through a frequency range different from 
the said receiver range in such a manner that 
the said coupling value remains substantial 
ly constant. 

2. A method of efficiently transferring en 
ergy from an antenna circuit to a receiver 
circuit at all frequencies in a receiver fre 
quency range, which consists in tuning the 
receiver to a desired frequency, adjusting the 
coupling between the antenna and receiver 
to substantially the optimum value desired, 
and causing the antenna tuning to vary 
simultaneously with the receiver tuning 
through a frequency range higher than the 
receiver range in such a manner that the op 
timum coupling value remains substantially 
constant. 

3. The method of maintaining the coupling 
between an antenna circuit and a tuned re 
ceiving circuit at a substantially constant op 
timum value throughout a desired signal fre 
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quency range which consists in tuning the 
receiving circuit through said frequency 
range, and simultaneously tuning said an 
tenna circuit through a frequency range dif 
fering at all points from said signal range 
by an amount such that the antenna reactance 
bears a constant ratio at all of said points to 
the antenna frequency. . . 

4. The method of maintaining the coupling 
between an antenna circuit and a tuned re 
ceiving circuit at a substantially constant op 
timum value throughout a desired signal fre 
quency range which consists in tuning the 
receiving circuit through said frequency. 
range, and simultaneously tuning said an 
tenna circuit through a higher frequency 
range differing at all points from said signal 
range by an amount such that the antenna re 
actance bears a constant ratio at all of said 
points to the antenna frequency. - " - 

5. The method of maintaining the coupling 
between an antenna circuit and a tuned re 
ceiving circuit at a substantially constant 
optimum value throughout a desired signal 
frequency range which consists in tuning the 
receiving circuit through said frequency 
range, and simultaneously tuning said an 
tenna circuit through a lower frequency range 

by an amount Stich that the antenna reactance 
bears a constant ratio at all of said points to 
the antenna frequency. w 

6. A radio receiver comprising an oscil 
latory circuit providing a source of modu 
lated radio frequency energy, at least two 
succeeding tunable oscillation circuits, means 
for coupling said oscillatory circuit and one 
of the tunable circuits, an electron discharge 
tube coupling said tunable circuits, a common 
means for simultaneously tuning said two 
tunable circuits through a desired frequency 
range, and means, in said oscillatory circuit, 
for simultaneously resonating the latter 
through a frequency range differing from 
the desired range, the relation between said 
ranges being such that the electrical value. 
of said coupling means is substantially a con 
stant throughout said desired range. 

7. A radio receiver comprising an oscil 
latory circuit providing a source of moda-, 
lated radio frequency energy, a succeeding 
tunable oscillation circuit, means for coupling 
said oscillatory circuit, and tunable circuit, 
means for tuning said tunable circuit through 
a desired frequency range, and means, in 
said oscillatory circuit, for simultaneously 
resonating the latter through a frequency. 
range differing from the desired range, the 
relation between said ranges being such that: 
the electrical value of said coupling means is s 

substantially a constant throughout said de 

65 

sired range. 
8. A radio receiver comprising an oscilla 

tory circuit providing a source of modulated 
radio frequency energy, at least two succeed 
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ing tunable oscillation circuits, means for cou 
pling said oscillatory circuit and one of the 
tunable circuits, an electron discharge tube 
coupling Said tunable circuits, a common 
means for simultaneously tuning said two 
tunable circuits through a broadcast range, 
and means, in said oscillatory circuit, for 
simultaneously resonating the latter through 
a frequency range differing from the broad 
cast range, the relation between said ranges 
being such that the electrical value of said 
coupling means is substantially a constant 
throughout said desired range. 

9. A radio receiver comprising an oscilla 
tory circuit providing a source of modulated 
radio frequency energy, at least two succeed 
ing tunable oscillation circuits, means for cou 
pling said oscillatory circuit and one of the 
tunable circuits, an electron discharge tube 
coupling said tunable circuits, a common 
means for simultaneously tuning said two 
tunable circuits through a frequency range 
of the order of 550 to 1500 kilocycles, and 
means, in said oscillatory circuit, for simul 
taneously resonating the latter through a 
frequency range of the order of 605 to 1650 
kilocycles. 

10. A radio receiver comprising an oscil 
latory circuit providing a source of modulat 
ed radio frequency energy, at least two suc 
ceeding tunable oscillation circuits, means 

I for coupling said oscillatory circuit and one 
of the tunable circuits, an electron discharge 
tube coupling said tunable circuits, a common 
means for simultaneously tuning said two 
tunable circuits through a desired frequency 
range, and means, in said oscillatory circuit, 
for simultaneously resonating the latter 
through a frequency range differing from the 
desired range, said resonating means com 
prising an adjustable reactor arranged for 
mechanical uni-control with said common 
tuning means, the relation between said 
ranges being such that the electrical value 
of Said coupling means is substantially a con 
stant throughout said desired range. 

11. A radio receiver comprising an oscil 
latory circuit providing a source of modulat 
ed radio frequency energy, at least two suc 
ceeding tunable oscillation circuits, means for 
coupling said oscillatory circuit and one of 
the tunable circuits, an electron discharge tube 
coupling said tunable circuits, a common 
means for simultaneously tuning said two 
tunable circuits through a desired frequen 
cy range, and means, in said oscillatory cir 
cuit, for simultaneously resonating the lat 
ter through a frequency range differing from 
the desired range, said resonating means com 
prising an adjustable condenser arranged for 
mechanical lini-control with said common 
tuning means, the relation between said 
ranges being such that the electrical value of 
said coupling means is substantially a con 
stant throughout said desired range. 
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12. A radio receiver comprising an oscil 
latory circuit providing a source of modulat 
ed radio frequency energy, at least two suc 
ceeding tunable oscillation circuits, means 
for coupling said oscillatory circuit and one 
of the tunable circuits, an electron discharge 
tube coupling said tunable circuits, a com 
mon means for simultaneously tuning said 
two tunable circuits through a desired fre 
quency range, and means, in said oscillatory 
circuit, for simultaneously resonating the lat 
ter through a frequency range differing from 
the desired range, said resonating means com 
prising an adjustable inductor arranged for 
mechanical uni-control with said common 
tuning means, the relation between said 
ranges being such that the electrical value of 
said coupling means is substantially a con 
stant throughout said desired range. 

13. A radio receiver comprising an oscil 
latory circuit providing a source of modulat 
ed radio frequency energy, a succeeding tun 
able oscillation circuit, means for coupling 
said oscillatory circuit and tunable circuit, 
means fortuning said tunable circuit through 
a desired frequency range, means, in said os 
cillatory circuit, for simultaneously resonat 
ing the latter through a frequency range dif 
fering from the desired range, the relation 
between said ranges being such that the elec 
trical value of said coupling means is sub 
stantially a constant throughout said desired 
range, the coupling means comprising 
a transformer, and said resonating means 
consisting of an adjustable reactance in series 
with the transformer primary. 

14. A radio receiver comprising an oscil 
latory circuit providing a source of modulated 
radio frequency energy, a succeeding tunable 
oscillation circuit, means for coupling said 
oscillatory circuit and tunable circuit, means 
for tuning said tunable circuit through a de 
sired frequencv range, means, in said oscil 
latory circuit, for simultaneously resonating 
the latter through a frequencv range differ 
ing from the desired range, the relation be 
tween said ranges being such that the elec 
trical value of said couplin or means is substan 
tially a constant throughout said desired 
range, said coupling means comprisinor a 
transformer, and said resonating means con 
sistino of an adistable condenser in shunt; 
with the transformer primary. 

15. A method of transferring signal energy 
of the broadcast range from an antenna to 
the tunable input, circuit of a radio frequency 
amplifier consisting in resonating the an 
tenna through a frequency range differing 
from the broadcast range, but substantially 
overlapping the latter in a manner such that 
said energy is efficiently transferred. 

16. A method of transferring signal energy 
of the broadcast range from an antenna to 
the tunable input circuit of a radio frequen 

5 

cy amplifier consisting in resonating the an 
tenna through a frequency range higher than 
the broadcast range, but substantially over 
lapping the latter in a manner such that 
said energy is efficiently transferred. 

RENE A. BRADEN. 
70 

75 

80 

85 

90 

95 

00 

05 

0 

5 

20 

30 


