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This application relates to a new and improved 
method of and means for signaling and in a sense 
may be considered a multiplex system since a 
plurality of transmitters operatingsimultaneously 
on different carriers are used to transmit signals 
to at least one receiver'having a tuning range 
covering substantially only the band necessary to 
receive the transmitters... , 

In our system, the plurality of transmitters nor 
mally are transmitting simultaneously on their 
individual carriers. The carriers may or may not 
be modulated and 
must rely on the carrier frequency alone to iden 
tify the particular transmitter being received. 
The several carriers transmitted in the system 
may be` modulated or one or more thereof may 
be modulated. The modulating signals may be 
the same on all carriers and per se are insum 
cient for identiñcation purposes. As aY conse 
quence, it is of eXtreme importance that the re 
ceiver be of the single signal type, that is, receive 
or respond only to the carrier to which it is tuned. 

If the normal methods such as are known in 
the broadcast art were applied here, image fre 
quency reception, poor selectivity causing cross 
talk, squeals due to harmonics of the receiver os 
cillator frequency beats with incoming signals, 
and phantom responses dueto beats between 
channels would all Work to provide in the receiver 
responses which would not be a true indication 
of the transmitter frequency and, as a conse 
quence, could not be reliedv onto identify the par 
ticular transmitter being received. This would` 
nullify entirely the very purpose oft our system 
which, as stated above, is'to provide means where 
by a receiver can be tuned successively to a plu 
rality of simultaneously transmitting transmit 
ters and rely totally on carrier reception, modu 
lated or unmodulated, for identiñcation of the 
transmitters or the receiver, if this was to be 
avoided, would be unduly cumbersome and expen 
sive. ` ' 

In our system, frequency modulated transmit 
ters are used and these transmitters do not in 
clude automatic frequency control means, nor 
do they include crystal stabilizing means. The 
one or more receivers, each of which covers all ofÍ 
the transmitters of one set-up, has an automatic 
frequency control system which will insure cor 
rect tuning regardless of whether the receiverv 
was initially mistuned or whether that particular 
transmitter drifts for any reason during the time 
the receiver is tuned to it. Thus we may say that 
in our system selectivity and frequency stability 

a receiver tuned to the same 
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2 
reside in the receiver, not in the transmitter as 
is usual. . 

The above condition results from the fact that 
in our novel system the transmitters are by neces 
sity located at remote spaced points, are unat 
tended, and are of short life since they must op 
erate on batteries, which are of short life. The 
operating voltages of the transmitter may vary 
one half during the life of the batteries and there 
fore the frequency of the transmitter may vary 
considerably during operation which may extend 
over a range of, say, 4 or 5 hours. As a conse 
quence, as stated above, the stability in the sys 
tem resides primarily in the receiver which in-v 
cludes automatic frequency control means and 

` which has been described in United States appli 
cation, Serial No. 421,900, filed December 6, 1941, 
now Patent No. 2,367,352, granted January 16, 
1945. 
Our invention then relates to transmission of 

signals in a multi-channel system and has an ob 
ject to select Within a given frequency band the 
intermediate frequency for the receiver as well as 
the signal carrier and modulation frequencies 
which permit the minimum mutual interference 
between the signals.- This and other objects of 
our invention, Which will appear hereinafter,V are 
attained primarily` because both the transmitters 
as well as the receiver are under the control of 
one common producer and as a consequence it is 
possible to avoid almost completely the interfer. 
ence between the various channels 'by properly re 
lating the intermediate frequency of the receiver, 
the radio frequencies at the transmitters, the re 
ceiver’ response and the spacing between trans 
mitters. This in turn permits a simplified re 
ceiver arrangement which isadvantageous from 
a production as Well as a cost point of view. The 
last remarks apply as well to any multichannel 
system of transmission and reception where both 
transmitters and receivers may be designed as a 
unit. 
In describing our invention in detail, reference 

will be made to the attached drawings wherein: 
Fig. 1 illustrates diagrammatically our novel 

` system comprising a plurality of transmitters and 
at least one receiver; 

Fig. 2 illustrates a transmitter satisfactory for 
use in our system, this transmitter including a 
reactance tube modulated Wave generator with 

"the necessary amplifiers and frequency multi 

55. 

pliers; 
Fig. 3 illustrates diagrammatically a receiver 

including a schematic showing of a tuning control 
thereof, while 



3 
Fig. 4 is a vector diagram used in explaining the 

operation of the reactance tube phase shifting 
network of the transmitter of Fig. 2. 
The problem to be considered is to transmit 

simultaneously in a number of channels with mín 
imum interference. The interference may result 
from a large number of causes, principally: 

(A) Insufficient selectivity causing cross-talk. 
(B) Image signals. (1st order.) 
(C) Image signals. (2nd, 3rd, etc., order.) 
(D) Squeals due to harmonics of the oscillator 

frequency beats with incoming signal. 
(E) Phantom responses due to beat between 

channels. 
The various causes will now be considered in 

detail: 
(A) It is normal in a radio receiver that the 

sideband attenuation improves when the inter 
fering signal is farther removed from the fre 
quency to which the receiver is tuned. We can 
therefore determine the minimum frequency dif 
ference there should be between our transmitters 

from: 
(l) The expected selectivity of the receiving sys 

tem. 
(2) The maximum expected 
mitter frequency. 
(B) The ñrst order image response will fall at 

frequencies which are 2><fif (fff=intermediate 
frequency) removed from the frequency to which 
the receiver is tuned and they may therefore be 
avoided if the receiver covers a band which is 
less than 2x22/ Wide. 

(C) Let 
fu be intermediate frequency, 
ft be transmitter frequency, 
fo be oscillator frequency, 
fr be frequency to which the receiver is tuned. 

Then ff-fo=ifif, depending on whether the 
oscillator frequency is located above or below the 
signal frequency. 

Let the oscillator 
frequency, then 

“drift” of the trans 

be located below the signal 

frfo=|fif 
Spurious responses will be found when: 

’luft-71,21%: ifif 
Where n1 and n2 are Whole and positive, elim 

inating fo from the above equations, we have: 

n l 

ff=$+fif<li§ë> (l) 
Similarly, if the oscillator is located above the 

signal frequency, then 

frf0= -Íif 
or, eliminating fa, 

Inasmuch as We are only concerned with the 
spurious responses falling nearest to interfering 
signal fr, we may investigate what these frequen 
cies are. 

First, let n1=1z2=n, in which case 

for the oscillator frequency located above the 
signal frequency, and ` 

for the oscillator frequency located below the 

10 

20 

25 

30 

40 

50 

60 

70 

75 

4 
signal frequency, which, in view of the above 
statement that only the response nearest fr sirn 
plii-les to 

and 
l 

f.=f,f.~f(1-5) (2a) 
The nearest spurious response will then in both 

cases occur for n=2 and they will fall at: 

Indicating that for m=nz=n, spurious re 
sponses may be avoided if the receiver covers a 
band less than one half of the intermediate fre 
quency. 
Next let us consider the case where 1112112 

and let us decide to restrict the receiver frequency 
band in accordance with the statement made 
above. Then, if the oscillator is located below 
the signal frequency, 

Responses for the lowest order harmonics will 
be found when: 

(It will be noted that the (i) signs are inde 
pendent of each other) 
Now let us examine the signs: ' 

(a) |+ 0r, 

or the spurious responses will never fall within 
the assigned band. 
(b) -- or, 

Interference may occur when 
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above limitations no interference can be caused. 
(d)  + or, 

As under (b), interference may exist if 

It will be noticed that lower order harmonics 
will be received under condition (d) , which there 
fore will be the only case considered. 
Next let us consider the case where the oscil 

lator is located above the signal frequency. For 
this case: 

Similarly, let n1=nzi1 
and 

l 1 

Let us examine the signs: 
(ai) -l- -l- or, 

which will never produce spurious signals within 
the above mentioned band. 

which will never cause interference. 
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6 
quirement, and it will be noted that interference 
of the same order harmonics will be experienced 
for the oscillator above and below the signal fre 
quency. 

(D) Squeals due to intermediate frequencies 
falling within the assigned band. This trouble 
may be avoided if the assigned band of fre 
quencies is located between the frequencies n fu 
and (n -l- 1) (fir), where n is any whole positive 
number. 

(E) Phantom responses may be experienced 
if two stations fn and ft2 differ in frequency by 
the intermediate frequency. This, however, can 
not be the case if the band is narrower than the 
intermediate frequency. Under unusually severe 
conditions the second harmonie may cause inter 
ference. This may be avoided if the band is nar 
rower than one half the intermediate frequency. 

(F) Interference caused by radio frequency 
signals within the intermediate frequency band 
may be avoided if the intermediate frequency is 
ocated in a part of the frequency spectrum. 
where there are no strong local stations, and by 
providing the receiver with sufficient attenuation 
in the radio frequency amplifier to attenuate such 
signals as may be present. 
We are now in a position to specify a system 

in which interference is kept at a minimum. 
l. Locate the transmitter frequencies as close 

together as the transmitter stability and adjacent 
channel selectivity of the receiver will permit. 

2. Choose an intermediate frequency which is 
greater than twice the required band for which 
none of the harmonics falls within the band. 

3. rI‘his system will have none of the spurious 
responses specified under (A), (B), (C), (D), and 
(E), with the exception that the responses under 
(C) may be present in an order higher than spec 
ified by the formula: 

As a specific case, we have provided a trans 
mission system in which the frequencies 70.8, 
71.5, '72.2 megacycles were used for three chan 
nels together with an intermediate frequency of 
5 megacycles and a receiver band from 70.4 to 
72.6 megacycles. 

It will be seen that no spurious responses will 
be found with the exception 0f 

In other words, no harmonic below the 10th 
willbe harmful. 
In Fig. l, we have shown three transmitters 

constructed in accordance with our invention 
and located at spaced points and a single receiver 
cooperating therewith. It will be understood 
that more transmitters and other receivers may 
be used. 
The transmitters T1, T2, and Ts may be of 

the nature described. In one application of our 
invention the transmitters may be located in a 
zone wherein it is suspected an enemy craft is 
operating. The disturbances produced by the 
enemy craft may modulate one or more of the 
transmitters. The receiver R, by tuning over 
the band it covers, as given above, can tune in 
the several transmitters successively and, due to 
the absence of interfering signals, can definitely 
identfy each transmitter whether modulated or 

In this case (a1) will be the most severe re- 75 not. ‘ Any modulations caused by disturbances 
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set up by an enemy craft may be used to deter 
mine the position thereof relative to the several 
transmitters and steps may be taken to render 
the enemy craft harmless. 
Other uses to which our system may be put 

will be obvious to those skilled in the art. 
The frequency modulated wave receiver in Fig. 

3 may, as stated above, be as disclosed in my 
United States application, Serial No. 421,900, 
ñled December 6, 1941, now Patent No. 2,367,352, 
granted January 16, 1945, and includes as a tun 
ing means a control element X which actuates 
tuning reactances in such a manner that the car 
rier of one transmitter, say T1y comes in at a 
point, say C1, the transmitter T2’s carrier comes 
in at C2, and the transmitter Ts’s carrier comes 
in at C3. In the example given hereinbefore, the 
point C1 may represent a carrier of a frequency 
70.8 megacycles, C2 a carrier of 71.5 megacycles, 
C3 a carrier cf 72.2 megacycles. Note that at this 
point the spacing between said carriers is 0.7 of 
a megacycle so that the frequency separation is a 
relatively small fraction of the transmitter fre 
quency even as compared to, say, the broadcast 
system. Moreover, it will be seen that the plu 
rality of transmitters cover a range of 1.4 mega 
cycles Whereas the receiver itself is arranged to 
have a tuning range of 2.2 megacycles since, as 
stated above, it is to have a frequency range of 
70.4 to '72.6 megacycles. Furthermore, the in 
termediate frequency is of 5 megacycles, thereby 
being over twice as great as the receiver band. 
Note that here again systems such as the or 
dinary broadcast system do not satisfy these 
conditions, and the difference between our sys 
tem and systems known heretofore, such as the 
broadcast system, accounts for the ability of our 
system to get in the receiver a single response on 
which we may rely as an identiñcation of the 
transmitter sending so that we do not have to 
rely on the modulation of the carrier for such 
identification. As the reader is aware, no such 
reliance can be made on any signal received in 
the broadcast band or in systems of that nature 
known heretofore. 
A transmitter satisfactory for use in our system 

has been illustrated in Fig. 2. This transmitter 
comprises a modulation input lil, such as a mi 
crophone, connected by a transformer I2 to a 
modulation amplifier lâ, which may be a resist 
ance coupled high-gain amplifier of a multi-tube 
type. The amplified output is supplied, as will 
be described more in detail hereinafter, to a con 
trol electrcde 3S of reactance tube 3d, associated 
with an oscillation generator tube 40 to modulate 
the frequency of the oscillations generated and 
supply them to a doubler stage including a tube 
6D, which in turn feeds a pair of parallel ampli 
fiers 8E and 9G, having their outputs connected 
with a tank circuit including inductances L12 and 
variable trimmer condensers C37 and Cas with the 
inductance L12 coupled to a load circuit such as a 
radiator by an inductanee L13. 
The oscillation generator including tube 4e has 

its control grid 4l and screening grid electrode 42 
(serves as oscillator anode) coupled by an induc 
tance L3, a point on which is connected to the 
cathode 44 to form a Hartley oscillator. The 
lead between the control grid lll and inductance 
L3 includes a grid leak and condenser arrange 
ment comprising resistance R15 and condenser 
C20. The inductance L3 is shunted by a tuning 
condenser C18 and forms the oscillator tank cir 
cuit. The oscillator is of the grounded anode 
type, screen grid 42 being connected to ground 
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by coupling condenser C19 with the anode 45 ccn 
nected in an output circuit comprising indue 
tance Le and condenser C25 electronically coupled 
to the generating electrodes and circuits and 
tuned to a frequency double the frequency of the 
oscillations generated. 
The tank circuit Cra-L3 is shunted by the 

complex reactance between the anode 32 and 
cathode 34 of the reactance tube 30 so that the 
reactance of tube 3Q is included in the tank cir 
cuit of the oscillator and as a consequence may 
control the frequency of the oscillations gener 
ated. 'I‘he reactance tube 3G has its anode 32 
connected by the coupling condenser C17 to the 
high potential end of the tank circuit La-C1s. 
The cathode 34 is connected to ground by a 
blocking and coupling condenser C15. The anode 
32 is connected by a small coupling and phase 
shifting condenser C and a phase shifting re 

' sistance R and small phase shifting inductance L 
to ground by Way cf coupling condenser C10. 
The elements C, R, and L form a phase shifting 
circuit by means of which a voltage is produced 
between C and R substantially in phase quadra 
ture with the voltage on the anode 32. This 
voltage is supplied to the control grid 35 to pro 
vide in the tube the reactive effect. The cath 
ode is also connected to ground by a biasing re 
sistor R21 shunted by a high frequency bypass 
condenser C11. 
In reactance tubes of the type known hereto 

fore a full 90 degrees phase relation is not ob 
tained between the voltage on the anode with re 
spect to the voltage on the control electrode. In 
our arrangement, by the use of the inductance L 
in the phase shifting circuit, a full 90 degrees 
phase relation may be obtained. This insures a 
somewhat purer reactance effect and reduces the 
resistive component introduced into the tank cir 
cuit reactance tube. 
Moreover, development of reactance tube cir 

cuits for oscillator frequency control as used in 
A. F. C. or F. M. modulator circuits gets increas 
ingly diñicult as the frequency is raised because 
the input impedance of the reactance tube as 
sumes values comparable to those of the circuit 
constants. In the circuit disclosed, the eñect of 
the tube constants has been rendered harmless by 
arranging the circuits in a manner which lets 
them add to the circuit constants rather than 
counteract the circuit constants as was the case 
in earlier circuits. The resistance load of the 
reactance tube may be removed entirely or even 
made negative with the disclosed circuit. 
The vector diagram in Fig. 4 shows the phase 

relation between the voltage e1 at the input of the 
network, i. e., between the point -X and ground, 
and the voltage er at the network output, i. e., 
the voltage across R applied to the grid of the re 
actance tube 30. In this vector diagram, e1 is 
the vector representing the voltage at the input 
to the network which is, as stated above, equal 
to the voltage across the output of tube 30. 
Vector ec represents the voltage across the con 
denser C, e|_ represents the voltage across the 
inductance L, er represents the voltage across R, 
and e2 represents the voltage across the resist 
ance R and L. e2 also represents the fractional 
voltage on the grid 36 of the reactance tube. It 
will be seen that the angle ¢> will be 90 degrees 
when angle 01 equals angle 0, which will be the 
case when 
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It is to be noted the ZL is a very small impedance. 
The advantages of this circuit are: (1) It is 
possible to obtain a perfect 90 degrees phase shift 
between primary and secondary voltages, result 
ing in complete absence of a resistive component 
in the effective plate loading in the oscillator tank 
circuit; (2) the loading which the phase shift 
circuit given on the tuned circuit adds on the os 
cillator tank is very small because it is pre 
dominantly capacitive,- ('3) the tube constants 
(input capacitance and resistance) adds to the 
lumped constants in the phase shifting circuit 
and their effect is therefore not harmful, that is, 
the impedance of R, etc. is of the tube constants 
and adds thereto rather than counteracts them 
as was the case in certain earlier arrangements 
wherein the reactance tube anode is coupled to 
the cathode by a resistance and condenser in 
series in the order given with the grid connected 
to the junction point between the resistance and 
condenser. 
By controlling the mutual conductance of the 

reactance tube, the size of the complex reactance 
provided thereby may be controlled. In our sys 
tem we apply the modulating potentials fromr 
the amplifier I8 by Way of coupling condenser C9 
to resistor R11 and _through inductance L and 
resistance R to the control grid 35 to thereby 
control the conductivity of the reactance tube 
and the size of the reactive effect. 
The frequency modulated oscillations are sup 

plied, as stated above, to the anode 45 due to elec 
tron coupling in the tube ¿l0 and produces in the 
output circuit Le--Czs oscillations of double the 
oscillator frequency. These oscillations are fed 
to the control grid E2 of the amplifier tube 69, 
again doubled therein, and supplied from the 
anode 6i to the tuned tank circuit Lei-C29. This 
tank circuit is tuned to double the frequency of 
the voltages applied at the input of tube ät so 
that the frequency to which this tank circuit is 
tuned is now 4f, that is, four times the fundamen 
tal frequency f of the oscillations generated by 
the oscillation generator at 4B. The voltages of 
the fourth harmonic set up in tank circuit Liz-C29 
are supplied by a tap on Lg, which steps down the 
voltage, to the control grids 10 and 'I2 of the 
parallel amplifiers 86 and 9i] wherein the fourth 
harmonic voltages are amplified and supplied 
from the anodes 'M and 16 to the output circuit 
including inductance L12 and condensers C37 and 
C38. 
The filamentary heaters 38, 48, 58, I8, and 88 

are supplied by current as shown from a filament 
supply battery lill. The heaters 48, 58, I8, and 
88 are supplied by way of a ballast resistor |00 
in order to regulate in so far as possible the fila 
ment voltage to maintain the frequency of op 
eration of the transmitter as stable as possible 
under the particular circumstances encountered 
here. A direct current source, designated B, sup 
plies the anode and screen grid potentials, as 
shown, by way 0f the necessary resistances, radio 
frequency chokes L2, L4, Ls and L11, radio fre 
quency bypass condensers BP, Cao, etc. The ñla 
ment heating circuits are likewise supplied with 
radio frequency filtering including chokes and 
bypass condensers, the oscillator'and two ampli 
ñers having individual filters comprising respec 
tively, inductance L5 and condenser C23, induc 
tance L7 and condenser C27, and inductance L10 
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and condensers C34 and C35. 
vents coupling between stages. 
What is claimed is: 
l. A signaling system consisting of a plurality 

of spaced transmitters each radiating a carrier 
wave, the several carrier waves being separated 
from each other by small frequency spacings as 
compared to the carrier wave frequencies, and 
at least one heterodyne receiver with a tuning 
range covering substantially only a band of fre 
quencies sufficient to receive all of the transmit 
ted waves and with an intermediate frequency 
more than twice the greatest frequency separa 
tion between the plurality of transmitted carrier 
waves. 

2. In a signaling system, a plurality of spaced 
transmitters each producing and radiating a car 
rier wave, the several carrier waves being sep 
arated from each other by a small frequency spac 
ing as compared to the carrier wave-frequencies, 
and at least one receiver of the heterodyne type 
with a tuning range covering substantially only 
a band of frequencies suñicient to receive all of 
the transmitted waves, with an intermediate fre 
quency more than twice the greatest frequency 
separation between the plurality of transmitters 
and a tuninfy range less than one half the inter 
mediate frequency. 

3. In a signaling system, a plurality of spaced 
wave energy transmitters operating at different 
frequencies which are separated in the frequency 
spectrum by frequency bands which are a small 
fraction of the frequency at which each trans 
mitter operates, and means at a remote point for 

This filtering pre 

-. identifying transmission from the individual 
transmitters by _noting only the frequencies of 
the transmitted Wave energy Comprising, a tun 
able receiver of the heterodyne type responsive 
to radiation from said transmitters, said receiver 
having a tuning range which covers substantially 
only the frequency spectrum covered by the wave 
energy transmitted by the several transmitters, 
and having an intermediate frequency which is 
over twice as great as the said receiver tuning 
range, said transmitter frequencies, receiver tun 
ing range and intermediate frequency being so 
chosen that a single response only for each trans 
mitter is obtained in said receiver. 

4. In a signaling system, a plurality of spaced 
wave energy transmitters operating at diiferent 
:'requencies which are separated in the frequency 
spectrum by frequency bands which are a small 
fraction of the frequency at which each trans 
mitter operates, and means at a remote point for 
identifying transmission from the individual 
transmitters by noting only the frequencies of 
the transmitted wave energy comprising, a tunable 
receiver cf the heterodyne type responsive to ra 
diation from said transmitters, said receiver hav 
ing a tuning range which covers substantially only 
the frequency spectrum covered by the wave en 
ergy transmitted by the several transmitters and 
having an intermediate frequency which is over 
twice as great as the receiver tuning range and 
twice as great as the greatest frequency separa 
tion between wave energies transmitted, said 
transmitter frequencies, receiver tuning range and 
intermediate frequency being so chosen that a 
single response only for each transmitter is ob 
tained in said receiver. 

PAUL F. G. HOLST. 
LOREN R. KIRKWOOD. 


