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To all whom it may concern. 

Be it known that I, JoHN MILLs, a citizen 
of the United States, residing at Wyoming, 
in the county of Essex, State of New Jersey, 
have invented certain new and useful In provements in Radio Receiving Circuits, 
of which the following is a full, clear, con 
cise, and exact description. 
- This invention relates to radio receiving 

to circuits and particularly to that type em 
ploying the principle of successive detec 
tion. 
The term “successive detection” as here 

used is given its usual signification as in 
is volving the function of stepping down the 

frequency of the received radio frequency 
waves to an intermediate high frequency by 
one detecting operation and employing a 
subsequent detecting operation to obtain the 

20 low frequency modulating component. Ac 
cording to the present invention the wave to 
be received and an auxiliary radio Wave are 
received and impressed together upon the 
input circuit of the first detector by which 

25 the first frequency reduction is accom 
plished. The auxiliary wave is given such a 
frequency that, by combination with the 
normally received wave, there will result 
in the output circuit of said detector an in 

30 termediate frequency wave having a desired 
periodicity. The auxiliary wave source 
may have its sole function as above indicat 
ed or it may combine this function with 
that of a source for transmitting Waves to 

35 the distant station, the circuits associated 
with said source and the receiving circuits 
constituting the terminal circuits of a com 
plete two-way channel. A system charac 
terized generally by the production of in 

40 termediate frequency waves at the receiver 
will be designated an "intermediate fre 
quency system,” the specific type in which 
the auxiliary wave source has a double func 
tion, as described, being correspondingly 

45 designated a “modified intermediate fre quency system'. A receiving circuit having 
means for stepping down the frequency of 
its normally received wave by combination 
with an auxiliary frequency wave, whether 

50 said auxiliary wave has the additional func 
tion mentioned or not, will be designated an 
“intermediate frequency receiving circuit'. 
The auxiliary frequency source will be des 
ignated as a “local' source and its circuit as 

55 the “local transmitting circuit.” 

It is characteristic of intermediate fre 
quency systems that most efficient operation 
requires a critical amount of transmission 
from the auxiliary wave source, this amount 
being limited, in part, by the inability of 
the high frequency detector to handle more 
than a critical value of this current without 
impairment of its function. In a modified 
intermediate frequency system of the form 
in which the transmitting and receiving cir 
cuits terminate in a common low frequency 
circuit, there is the additional limitation im 
posed by the tendency of the circuits at a 
station to sing if a critical value of auxiliary 
current is exceeded. 
The principal object of the present inven 

tion is to provide a means whereby, in an 
intermediate frequency receiving circuit a 
regulable amount of auxiliary radio carrier 
wave may be impressed on the input circuit 
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of the first detector without detriment to 
reception from the distant station. A specific object is to provide means 
whereby the function described in the state 
ment of the principal object may be accom 
plished without regard to the relative direc 
tions of the distant and local transmitting 
circuits with respect to the receiving cir 
cuit. 
An additional object is to provide means 

for the accomplishment of this function in 
volving the use of a single directive antenna 
selective to only one of the two frequencies 
involved, namely, that of the signal modu 
lated wave to be received. A still further 
object is to provide in a system of this kind 
means whereby an initial adjustment of the 
amount of auxiliary carrier wave is caused 
to persist even though said antenna is ad 
justed so as to be, by reason of its directive 
characteristics, more or less favorably re 
lated to the local transmitting station than 
at the time of said initial adjustment, 
The means of the invention comprises, in 

One modification, a receiving antenna com 
prising a series arrangement of directive 
loops independently rotatable and respec 
tively tuned to the frequencies of the distant 
and local transmitting circuits The two 
frequencies are sufficiently spaced so as to 
provide the desired intermediate frequency 
and so that each loop has relatively low im 
pedance to the current of the frequency to 
which the other loop is tuned. The arrange 
ment, accordingly, provides a means where 
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by waves of two different frequencies, each 
of which is adjustable in amplitude, may be 
superposed on the input circuit of a detec 

... i0 

tor coupled with said antenna. 
In an alternative form a single directive 

loop, tuned to the frequency of the waves 
tran mitted from the distant transmitting 
station is used. The loop is connected to the 
first detector through a vacuum tube am 
plifier, or other unilaterally conducting de 
vice across the output circuit of which is 
placed a variable shunt consisting of a se 
ries arrangement of inductive and capaci 

15 
tive elements adjusted to resorance at the 
frequency of the local transmitting circuit. 
In series with these elements is an adjusta 
ble resistance which constitutes, with the re 

20 

maining portions of the circuit, an adjusta 
ble impedance means. The resistance adjust 
ing means for this circuit is mechani 
cally coupled with the rotating means 
of the directive loop in such 
ner that when said loop is oriented so 
as to receive with maximum intensity from 25 the local transmitting circuit, the shunting 
effect of the circuit is a maximum, and suffi 
cient to give the proper amount of the aux 
iliary wave in the output circuit of the first 
detector. As the loop is oriented from this 
position in order to receive with maximum 
intensity from a distant station, the loop be 
comes relatively less favorably positioned 
with regard to the related transmitting cir 
cuit. The mechanical coupling means by 35 

40 

stain the amount of the 
constant. ... " 

For a further disclosure of the invention, 

introducing resistance in the shunt circuit 
correspondingly reduces the shunting effect 
and accordingly tends to automatically main 

auxiliary current 

reference is had to the following detailed 

45 

description taken in connection with the 
accompanying drawing wherein Fig. 1 ill 
lustrates a system using two receiving loops, 
and Fig. 2 illustrates circuits which may be 
substituted for those shown at the left 
of line X-X of Fig. 1 to give the alterna 
tive form of the invention using a single 

50 
receiving loop. 
In the figures of the drawing, the circuits 

most closely related to the means of the in 
vention, are shown in detail and the re 
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maining circuits in diagrammatic form only. 
Throughout the drawing the component ele 
ments are identified, so far as possible, by 
reference letters so chosen as to be sug 
gestive of the function of said elements, 
subscripts being used to distinguish between 
different elements of a kind. 

Referring to Fig. 1, there is shown a sta 
tion including the transmitting and receiv 
ing antennae AN, and AN, respectively, 
said station being designed to communicate 
with a distant station provided with trans 
mitting antenna AN. The remaining cir 

man 

antenna A 

to waves from antenna AN, there is pro 
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cuits at the distant station are not shown, it 
being understood that they may be of the 
character more fully disclosed in connec 
tion with antennae AN, and AN, or of any 
other type capable of transmitting and re 
ceiving modulated radio frequency waves. 
The circuits of the station at the right pro 
vide means whereby low frequency signals 
originating in line 1 may be transmitted as 
modulations of a radio frequency carrier 
wave from transmitting antenna AN, to the 
distant station, and whereby signal modu 
lated carrier waves similarly transmitted 
from the antenna AN may be received by 
antenna AN, detected, and the modulating 
component thereof transmitted to the cir 
cuit 1. In order to unite the functions of the outgoing and incoming low frequency 
circuits in a single circuit 1, as described, a 
balanced three-winding transformer or hy 
brid coil arrangement with a balancing net 
work N is used, according to a principle well 
understood in the art. Obviously, the prin 
ciple of the invention is broad enough to in 
clude other arrangements than that shown, 
and may be applied, for example, to an ar 
rangement in which the low frequency 
transmitting and receiving circuits are dis 
tinct. 
The transmitting circuit is conventionally 

represented by the low frequency circuit 2, 
the oscillator O, the modulator M, the ampli 
fier A, and the transmitting antenna AN. 
This typifies any suitable system for im 
pressing high frequency modulated wave on 

1, 

The receiving circuit is represented by 
the receiving antenna AN, the high fre 
quency detector D, the intermediate fre 
quency detector D, and the low frequency 
circuit 3. The antenna AN, comprises two 
directive loops 4 and 5 in series, each in 
cluding a capacity element as shown, for 
the purpose of providing adjustment of the 
frequency at which it is resonant. The loops 
are independently rotatable and are respec 
tively resonant to the waves from antennae 
AN and AN. The loop 4 is normally 
oriented so as to receive waves from the 
distant communicating station with a max 
imum intensity. By reason of its resonance 
to a different frequency, it is able to dis criminate against the frequency of waves 
from the local transmitting antenna AN. 
However, loop 5 is resonant to the latter frequency and accordingly permits a po 
tential to be built up between its terminals 
which has a value depending on the angle 
of presentation of said loop to the direction 
of incidence of waves from antenna AN. 
Since loop 4 has low impedance to the waves 
from antenna AN and correspondingly 
loop 5 has a low impedance with respect 

R. 

vided a means whereby a regulable amount 
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of each of the two waves may be, substan 
tially independently of the other, impressed 
on the input of detector D. In operation, 
after adjustment of loop 4, so as to give 
a maximum intensity of signals, loop 5 is 
oriented until the desired amplification of 
the signal, as measured in the low, fre 
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quency circuit, is secured, or until the limit 
ing amount of the auxiliary wave is im 
pressed on detector D, as determined, for 
example, by a tendency of the circuits to 
sing if increased above the critical value. 
The output energy from detector D, con 

tains a modulated intermediate frequency 
component having a frequency equal to the 
difference of the normally received and aux 
iliary wave frequencies which is selected by 
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circuits 6 and 7 which are resonant to said 
frequency and impressed on intermediate 
frequency detector D. Tht output current 
of detector D, contains a separable com 
ponent of the signal frequency, which is 
utilized in the low frequency circuit 1. 
The loops 4 and 5 are preferably of dif 

ferent size on account of the difference in 
distances of the transmitting stations from 
which they are designed to receive, loop 4 accordingly being the larger. For a similar 
reason the two loops may have a different 
number of turns. Although tuned circuits 
are shown between detectors D, and D, 
other forms of selective circuits such as, for 

40. 

example, filter circuits, may be substituted 
therefor, as is well known. A selective 
circuit of any type may be inserted between 
the detector D. and the hybrid connection 
in order to eliminate from the low fre 
quency circuit undesired currents resulting 
from detection. Although the minimum 
number of vacuum tube devices for the ac 
complishment of the necessary functions 
has been shown, in many cases the detecting 
devices may give insufficient amplification, 
in which case additional tubes arranged to 

45 give distortionless amplification, may be in 
serted in the circuit as desired, as in the 
input circuits of the detecting tubes or in 
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the output circuit of detector D. 
The system of Fig. 2 differs from that 

of Fig. 1 in the use of a single directive 
loop and in the addition of an unidirectional 
conducting device A between the antenna 
and the high frequency detector. This de 
vice is here shown as an amplifier or re 
peater although its function as such is inci 
dental to its primary function of separating 
the shunt circuit 8, shown connected across 
its output, from the receiving antenna. So 
that the function of the antenna is unaf 
fected by the presence of the shunt circuit or 
by adjustment thereof. 
The antenna is tuned to the frequency of 

the distant station and is rotatably mount 
ed. During normal operation it is oriented 
to such position as to receive the waves 

8 
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from the distant communicating station 
with the maximum intensity. At the same 
time it will receive, less efficiently, we ves 
from the local transmitting station, the two 
waves being superposed in the circuit cou 
pled with the antenna in the same manner as 
in Fig. 1. It is accordingly to be noted that 

O 

the directive and selective functions of the 
antenna are here combined in a single loop 
as distinguished from the system of Fig. 1. 
In order that the intensity of the wave 

received from the local transmitting circuit 
may be independently adjustable and may 
maintain such adjustment as the loop is 
oriented to receive from variously located 
distant stations, the shunt circuit 8 is pro 
vided. This circuit is tuned to the fre 
quency of the local transmitting circuit and 
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contains an impedance varying element 9, 
the circuit thus constituting a variable shunt 
for the auxiliary wave. The impedance 
varying means is shown as a resistance for 
reasons which will be hereinafter explained. 
The impedance is initially adjusted so 

that, with the loop most favorably posi 
tioned with respect to the local transmit 
ting circuit, the proper amount of aux 
iliary wave energy from said circuit is in 

90 

cident on detector D, The orienting loop 
and impedance varying means are mechani 
cally coupled in such manner that as the 
loop is rotated from its initial position in 
either a clockwise or counter-clockwise di 
rection, the shunting effect will be decreased 
at such a rate as to maintain the intensity of 
the auxiliary wave incident on the detector 
D, constant. In the particular arrangement 
shown the centrally-positioned contact 10 is 
sonnected to the end of resistance element 9, 
so that when contact arm 11 is on this con 
tact the shunting effect is a maximum, the 
contact 11 being associated with the loop in 
such manner that this position of contact 11 
corresponds to the initial position of the 
loop. For this position, the impedance is 
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adjusted as by varying the magnitude of 
resistance R to give the proper shunting 
effect. Pairs of contacts 10 equally spaced 
from the central contact are connected to 
gether and to resistance 9 in such a manner 
that the shunting effect is decreased in the 
manner above described as the loop is ro 
tated in either direction from the initial 
position. The arc formed by contacts 10 
need not exceed one hundred and eighty 
degrees since the arc of an entire cycle is 
swept when the loop is rotated through this 
angle. Accordingly, the initial conditions, 
so far as affecting detector D, and the cir 
cuits related to its output are not changed 
as the receiving antenna is adjusted to re 
ceive with maximum intensity from any 
desired distant station, the ultimate result 
being therefore the same as accomplished by 
the system of Fig. 1. Since the circuit 8 is 
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resonant to a frequency differing by a con 
siderable amount from the frequency of the 
waves from the distant station, it will at all 
times constitute an inefficient shunt for eur rent of said, frequency. The impedance 
varying function may be secured by detun 
ing the shunt circuit, instead of by the 
method shown. The method described is 

10 
the one preferred since by its use the yari 
able shunting effect is more nearly, confined 
to the auxiliary wave frequency. Further, 
the variation of impedance effected by the 
means shown can be caused to more closely 

15. 
as the loop is oriented. Accordingly such 
compensated. Filters and amplifiers may be 

20 

obey the law of variation of the energy 
incident on the detector from the local source 

variation of energy can be more completely 
used in the circuits of this figure in the man 
ner described in the description of Fig. 1. 
Although the principle of the invention 

has been embodied, for purposes of illustra 
tion, in a system in which the local radio 
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an audible intermediate frequency. The low 

4) 

ticular signaling wave. 

source has a dual function, it should be un 
derstood that the invention, in its broad con ception, is independent of the particular 
type of circuit associated with said source. 
It should further be understood that al though an inaudible intermediate frequency 
has been assumed, the theory and mode of operation apply equally well to the case of 
frequency impulses or signals may be speech 
or telegraph currents, although the claims. 
are not intended to be so limited to any par 
What is claimed is: 
1. A receiving antenna, comprising a 

series arrangement of two directive loops, re 
spectively tuned to different frequencies, 
said loos being independently rotatable. 

2. A receiving circait eomprising, in com 
bination, a receiving conductor consisting of 
two independently-rotatable directive loops 

50 

connected in series and respectively resonant 
to different frequencies, and two detecting 
devices connected in tandem to said conduc 
tor. . 

3. A receiving circuit comprising, in eom 
bination, two independently rotatable loop 
antennae connected in series and respectively. 
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tuned to different frequencies, a defector 
electrically connected to said antennae, cir 
cuit means for selecting from said detector 
a nodulated difference frequency compo 
nent, and circuit means for impressing said 
component on a second detector. 

4. A radio system comprising a source of 
radio carrier waves, a second source of radio 
carrier waves having a different frequency, 
a receiving conductor for said waves, and . 
means electrically coupled therewith for 
combining waves from said sources, said re 
ceiving conductor comprising two independ 
ently rotatable directive loops connected in 
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series and respectively tuned to the frequen 
cies corresponding to the two sources. ... 

5. A duplex radio station comprising 
Y - 

means for producing and radiating a carrier 
wave, and means for receiving and deriving 70 
signals from an incoming modulated carrier 
wave having a frequency differing by an in 
audible amount from that of said first men 
tioned wave, said last mentioned means com 
prising a series arrangement of two in 
dependently rotatable directive loops, re 
spectively tuned to the two carrier wave fre quencies, whereby a portion of the outgoing 
wave is received with the incoming wave, 
means for combining said received waves, 
means for selecting the modulated differ 
ence frequency component of the resultant 
wave, and means for detecting said differ ence frequency wave. 

6. A duplex radio station comprising, in 
combination, a low frequency transmitting 
circuit for signals, a source of carrier waves, 
means for modulating said waves in accord 
ance with said signals, means for radiating 
said modulated carrier waves, and a receiv ing circuit for receiving and deriving sig 
nals from an incoming modulated carrier 
wave, said receiving circuit comprising a di 
rective loop tuned to the incoming waves, a 
directive loop tuned to the frequency of 
said source in series with said first men tioned, loop, means for independently ro 
tating said loops, means for combining the 
received waves, means for selecting the dif 
ference frequency component of said waves 
to produce an intermediate frequency wave, 
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means for detecting and deriving the signal 
frequency component from Said intermediate 
frequency wave, and means conjugately re 
lating the output circuit of said last men 
tioned detector and said low frequency cir 
cuit to a common circuit. . . 

7. A receiving circuit comprising, in com 
bination, a directive receiving antenna tuned 
to the frequency of a desired wave, means 
for rotating said antenna, a unilaterally 
conducting device and a detecting device 
serially related to said antenna, a reactive 
shunting circuit positioned between said de 
vices, adjustable means for varying theim 
pedance of said shunting circuit, and cou 
pling means between said rotating and ad 
justable means whereby said coupled means 
may be simultaneously actuated. 

8. A receiving circuit comprising a direc 
tive reeeiving antenna tuned to a desired fre 
quency and having a rotating means, a ther 
mionic repeating device and a detecting 
device coupled in tandem to said antenna, 
a series resonant circuit tuned to a frequency 
differing from that of the antenna connect 
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ed in shunt to the output of said repeating 
device, a variable resistance means included 
in said resonant circuit, and mechanical coupling means between said antenna ro 130 
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tating means and said resistance varying 
means whereby said coupled elements may 
be simultaneously actuated. 9. A duplex radio station comprising a 
source for producing and radiating a carrier 
wave, a local directive receiving antenna 
tuned to a desired incoming wave having a different frequency for receiving said incom 
ing wave and a reinforcing wave from said 
source, a thermionic repeating device and a 
detecting means connected in tandem to said 
antenna, a series resonant circuit tuned to 
the waves from said source connected across 

S 

the output of said device and including a 
variable resistance, and means adapted to 
simultaneously rotate said directive antenna 
and vary said resistance, said last men 
tioned means being adjusted so that said 
circuit has a maximum shunting effect for 
said reinforcing wave when the antenna is 
positioned to receive with maximum inten 
sity from said radiating means. 
In witness whereof, I hereunto subscribe 

my name this 20th day of December A. D. 
1921. JOHN MILLS. 
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