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This invention relates to radio signaling SyS 
tems. More particularly this invention relates 
to radio systems for use in transmitting Signals 
to a plurality of different points. 

It has heretofore been proposed to transmit 
two different signaling channels as the upper and 
lower side bands, respectively, of a single carrier 
current. With such an arrangement two differ 
ent sources of signals may be transmitted simul 
taneously to a distant point or to closely adja 
cent distant points within the directive charac 
teristics of the antenna used without loss of ef 
fectiveness, the different signals being conveyed 
as single side bands of a common carrier cur 
rent of radio frequency. This dual or twin chan 
nel method of operating single side band radio 
telephone or telegraph circuits is of Some advan 
tage from the standpoint of plant investment, 
and particularly in the reduction of frequency re 
quirements, inasmuch as the channels may be 
operated with relatively small frequency separa 
tion between channels. With such a multi 
channel system, the full transmission effective 
ness is not obtained unless all channels are oper 
ated to the same point of communication, or 
to points relatively close to each other, as already 
noted, if directive antenna systems are employed. 
Where the distant points are relatively close to 
each other the same frequency must in general 
be optimum during the periods when the trans 
mission is to take place. Thus a single trans 
mitter and a single directive transmitting an 
tenna, System may be employed effectively for 
operation to both such points. Moreover, Such a 
system may be used for the transmission of more 
than two signaling channels. 
According to the present invention an arrange 

ment is set up for multi-channel operation to 
two or more points of communication which are 
not necessarily in the same general direction and 
which would permit effective operation to all 
points on the same general band of frequencies 
simultaneously, or on two separate general fre 
quency bands as may be required by transmission 
conditions. With the new arrangement tWO (or 
more) substantially complete transmitters are 
required, and Separate transmitting antennae 
may be provided for each point of communication 
to obtain effective transmission in the directions 
desired during different transmission conditions. 
In the new arrangement a carrier frequency cOn 
trol for the two (or more) transmitters may be 
tied together in such a way as to permit oper 

N ation of both transmitters on the same carrier 
Nequency assignment simultaneously pr, if de 
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sired, one of the transmitters may be operated 
on any one of the various frequency assignments 
independently of the frequency assignment of the 
other transmitter. It is clear that the arrange 
ments of this invention will result in consider 
able economy in frequency assignments which, 
as is well known, are at a premium. 
This invention will be better understOOd from 

the detailed description hereinafter following 
when read in connection with the accompanying 
drawings in which Figure 1 shows one embodi 
ment of the invention given merely for the pur 
pose of illustration and Fig. 2 illustrates another 
modification of the invention. 

Referring to the drawings, four different chan 
nels of communication designated A, B, C and 
D may each comprise a single band of Signals, 
such as telephone signals for example, or a plu 
rality of different non-overlapping bands Of Sig 
nals as are used in carrier telephone Systems. 
The channels A and B are connected to One of 
the transmitters, for example, the upper trans 
mitter, and the channels C and D to the Second 
or lower transmitter. A local oscillator O1, which 
may, for example, be crystal-controlled, is Con 
nected to a submultiple harmonic generator SG 
for deriving a submultiple of the frequency of 
the Oscillator O1. Thus if the Oscillator O1 pro 
duces current of a frequency, for : example, of 
625 kc., the submultiple generator SG may de 
rive current of a frequency of 125 kc. The Sub 
harmonic is then transmitted to all of the Various 
first modulators designated M1, M2, M3 and M4 
which are of any Well-known type and are ShOWn 
only schematically. The products of modulation 
of each of the various modulators are then trans 
mitted to corresponding filters F1, F2, F3 and F4 
as shown, the filter F freely transmitting the 
lower side band of the Submultiple frequency and 
the filter F2 the upper side band of that same 
submultiple frequency, all other products of mod 
ulation being substantially suppressed. Similar 
ly the filters F3 and F4 will freely transmit the 
lower and upper side bands, respectively, of the 
same submultiple frequency corresponding re 
spectively to channels C and D, and all other 
products of modulation will be substantially sup 
pressed. These filters may be of any well known 
type as, for example, of the crystal type as il 
lustrated. The lower and upper side bands de 
rived from filters F1 and F2, respectively, are then 
both transmitted to a combining circuit and an 
plifier A1, which is part of the upper transmitter 
and to which the submultiple generator SG is 
also connected, This combining circuit and an 
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plifier amplifies the two received Side bands and 
also introduces the Submultiple frequency current 
at any predetermined level. Similarly the com 
bining circuit and amplifier A3 combines the OW 
er and Upper Side bands received from filterS 
F3 and F4 with the same current of Submultiple 
frequency at any desired level. 
The Output of the combining circuit and ann 

plifier A1 is transmitted to a second modulator 
M5 together with a harmonic of the frequency of O 
the Oscillator O1, which is obtained by the har 
mOnic generator HG. The harmonic generator 
HG may produce, for example, a fourth harmonic 
Of the frequency of the oscillator O1, or current of 
2500 kc. Similarly the same harmonic obtained 
from the harmonic generator HG is transnitted 
to the second modulator Mii along with the cur 
rents obtained from the combining circuit and 
amplifier A3. The products of the second stage 
of modulation are then amplified by amplifiers A5 
and Ali, respectively, and the amplified currents 
are then impressed upon corresponding final 
modulators Mo and M11. A switch S1 is connected 
to the input side of the modulator M1, and a 
corresponding SWitch S3 is connected to the in 
put Side of the modulator M11. These switches 
are independently manipulated and are used to 
Connect any one of the various oscillators of high 
frequency designated O5, O6, O7 and Og to the 
modulators M9 and M11. The various oscillators 
O5 to Os are common to the two modulators 
M9 and M11. These oscillators produce currents 
of different frequencies such as 9,000 kc., 12,000 
kc., 15,000 kc. and 18,000 kc. After modulation 
the currents are amplified by corresponding am 
plifiers Ag and A11, and the amplified currents are 
transmitted through space by transmitting an 
tennae T1 and T3, which are preferably directive 
antennae of, for example, the rhombic type. The 
antenna, T1 may be directed to a point X, or to a 
pair or group of points closely adjacent to point 
X. Similarly the antenna, T3 may be directed to 
a point Y, or to a pair or group of points adjacent 
to point Y. - 
In the arrangement shown and described the : 

Ultimate carrier frequency for each transmitter 
is obtained after employing three steps of modu 
latión. Tin actual practice the number of modu 
lation StepS may be increased to any desired ex 
tent or reduced to but one or two steps. More 
over, the frequencies noted are given merely for 
the purpose of explanation of the operation of 
the invention and other Values may be used in 
practice. Furthermore, while but two trans 
mitters have been shown and described, the in 
Wention is, of course, equally applicable to three 
or more such transmitters all of which may be 
interconnected in the manner already illustrated. 
Any number of common oscillators such as O5 to 
O8 may be used to provide any desired flexibility 
in the System. 
The upper transmitter may be used to trans 

mit one signal channel to one point on a single 
side band basis, and the lower transmitter used 
to transmit another Signal channel to a different 
point on a similar but opposite single side band 
basis. In this case a single frequency, such as 
that provided by oscillator O5, may be used for 
both transmitters simultaneously, one trans 
mitter supplying the upper side band and the 
other the lower side band, and this will be done 
with substantially no loss in effectiveness. Thus 
the proposed arrangement permits full flexibility 
of operation to two points of communication on a 
twin channel basis. The arrangement will also 
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provide for the operation of two channels to 
either point of communication, and With the pro 
posed scheme the frequency for most desired 
transmission under the prevailing conditions may 
be used for transmission to each point of com 
munication, and this may be done independently 
of the frequency used to any other point of com 
munication. 

It is also apparent that the upper transmitter 
may be used for the transmission of two signaling 
Channels (or tWO groups of channels) and the 
lower transmitter for two similar signaling chan 
nels (or groups of channels) in which case one 
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of the OScillators, such as O5, will be used for the 
upper transmitter, and another of the oscillators, 
Such aSOs, for the lower transmitter. In this 
case the oscillators, such as O5, O6, etc., supply 
CURITrentS Óf frequencies which are a SSignable to 
the two transmission paths, and the oscillating 
equipment is common to the two transmitters, 
This is an important feature of this invention. 
The arrangement of this invention is prefer 

ably set up So that both transmitters may oper 
ate at Substantially the same power outputs. 
This, however, is not absolutely essential. The 
greater the directivity of the various antennae, 
the leSS need the outputs of the two transmitters 
be made equal to each other. Were the two 
transmitters of unequal power, then in some 
Cases proper adjustment of the received signals 
at the distant points would have to be made. 
The arrangement shown in the drawings may, 

therefore, employ a single carrier frequency for 
tWO radio transmitters operating simultaneously. 
This is an important feature of the invention. 
The single carrier current source is thus con 
nected to both transmitters. When so set up, an 
important advantage follows from the non-over 
lapping of the signals of the two channels being 
transmitted simultaneously. This advantage 
Could not be gained were two separate sources 
of carrier current used independently for the two 
transmitters, because due to inherent drifts in 
the frequencies of the carriers there would neces 
Sarily be considerable overlapping and conse 
quent interference between the two channels. 

If a frequency is suitable for transmission to 
two distant points which are in widely different 
directions from the transmitter then but one 
transmitter may be employed. In that case the 
antenna of the transmitter, such as T1, may be 
replaced by a non-directive antenna. If de 
sired two directive antennae may be used in place 
of antenna. Ti, these antennae being pointed in 
the desired directions although connected to the 
Same radio transmitter. When two antennae are 
So Connected to a single transmitter, the trans 
mission to both points may take place on the 
same carrier frequency, the radiated power being 
divided between the two transmission paths with 
resulting lowered effectiveness of the transmis 
sion to both points. 

Fig. 2 shows a modification of Fig. 1 in which 
arrangements are shown for superimposing a 
plurality of channels on a single transmitter, to 
gether with further arrangements for transmit 
ting a carrier signal at a frequency which may be 
above or below the various channels or at a fre 
Cuency between the various channels. The 
harmonic generator HG 1, coupled to oscillator 
O1, Supplies numerous harmonics which are 
Selected by the various filters F1, F2, F3. . . Fé, 
each filter selecting its individual harmonic. 
These selected harmonics are supplied to a plu 
rality of corresponding modulators M1-M, in   
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the upper transmitter, for example, as well as to 
modulators M', M'ac of the lower transmitter. 
These various modulators modulate the different 
signals supplied thereto over channels -ac and 

to ac' and one of the side bands of the products 
of modulation is selected by the corresponding 
filter of the group F1-Fix of the upper trans 
mitter and by filters of the group F11-Fix of 
the lower transmitter, as shown in the drawings. 
Thus there are supplied to amplifier A1, a plural 
ity of modulated non-overlapping signaling 
bands and to amplifier A3 a corresponding num 
ber of modulated non-overlapping signaling 
bands. 
The switch S11 may select any one of the vari 

ous harmonics obtained by the various filters 
El-Ex. The frequency selected may be located 
above or below all of the signaling bands just 
referred to, as Will be apparent to those skilled 
in the art or the selected frequency may be posi 
tioned between any two adjacent bands, that is, 
the selected current may have a frequency posi 
tioned between the component frequencies of, for 
example, filters F11 and F12. The current selected 
by switch S11 is transmitted along with all of the 
signaling channels so that at the receiver it may 
be employed for control of the gain and for tun 
ing of the receiver. 
The rest of the system of Fig. 2 corresponds 

to that of Fig. 1 except that a second oscillator 
O2 and harmonic generator HG2 are employed. 
This arrangement permits greater flexibility in 
that the frequency Supplied to the Second modu 
lators M11 and M13 may be independent of and 
higher than any frequency obtained from the 
harmonic generator HG1. 
Although Figs. 1 and 2 have been described as 

embodying two transmitters, additional trans 
mitters may be used. In this case the first mod 
ulators may be supplied by currents obtained 
from filters F1-F, the harmonic generator HG2 
may supply all of the second modulators, as 
shown in Fig. 2, and moreover, oscillators O5 to 
O8 may supply the high frequencies for the third 
modulators, as already pointed out. 
While this invention has been shown and de 

scribed in certain particular arrangements mere 
ly for the purpose of illustration, it will be un 
derstood that the general principles of this in 
vention may be applied to other and widely varied 
organizations without departing from the spirit 
of the invention and the scope of the appended 
ClainS. 
What is claimed is: 
1. The combination of two radio transmitters, 

a carrier generator common to both transmitters, 
and means for transmitting a band of signals by 
one of said transmitters as an upper side band 
of the carrier current supplied by said generator 
and for simultaneously transmitting another 
band of different signals by the second trans 
mitter as a lower side band of the same carrier 
current of said generator, whereby said two radio 
transmitters will separately transmit the two 
side bands of said carrier current without inter 
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3 
ference with each other so that said two side 
bands may be separately utilized. 

2. The combination of two directive antennae 
pointed in different directions, a source of car 
rier current, two different sources of signals, 
means for modulating the signals of one of the 
Sources upon the carrier current of said source 
of carrier current for transmission through one 
of said antennae as the upper side band of the 
carrier current, and means for modulating the 
signals of the other different source upon the 
Sane carrier current of said source of carrier 
current for transmission through the other an 
tenna, as the lower side band of said carrier cur 
rent whereby said two antennae will separately 
transmit the two side bands of the carrier cur 
rent without interference with each other so that 
said two side bands may be separately received 
and utilized. 

3. The combination of a plurality of separate 
Sources of carrier current, two twin channel radio 
transmitters to which all of said sources of Car 
lier current are common, the transmitters in 
cluding directive antennae which are pointed in 
different directions, and means for utilizing one 
of said sources of current as the carrier for the 
operation of one of the radio transmitters and 
for utilizing a different one of said Sources of 
current as the carrier for the operation of the 
other of said transmitters, whereby said trans 
mitters Will transmit modulated carrier currents 
corresponding to different bands of signals. 

4. A radio signaling system for transmitting a 
band of signals in one direction without inter 
fering with transmission of a different band of 
signals in a different direction on the same car 
rier frequency, comprising a radio transmitter 
including means for obtaining from one of the 
bands of signals the upper side band of the car 
rier current as a signaling channel for trans 
mission in one of said directions, and means for 
obtaining from the other of the bands of signals 
the lower side band of the same carrier current 
as a signaling channel for transmission in the 
other direction, said carrier currents being ob 
tained from the same source, whereby the trans 
missions of said upper and lower side bands Will 
not overlap each other and may therefore be 
separately utilized. 

5. The combination of a plurality of multi 
channel radio transmitters each of which is 
equipped with a directive antenna, the various 
antennae being pointed in different directions, a 
plurality of sources of carrier current of different 
frequencies which are suitable for the operation 
of each of the various transmitters, means Con 
necting the various sources of carrier current 
to said transmitters so that but one of Said 
sources is connected to a single transmitter, and 
means whereby each transmitter supplies two 
side bands of the associated carrier current for 
the transmission of two different bands of Signals 
in a direction different from that of the antennae 
of the other transmitters. 

VERNON BERNARD BAGNALL. 


