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Thisinvention relates to systems for broad 
casting programs by means of radio stations, 
and, more particularly, to systems in which 
a plurality of radio stations are arranged to 
broadcast simultaneously at the same wave length. 
In order to conserve the available fre 

quency range, it has heretofore been pro 
posed that a number of broadcasting stations 
be arranged to operate on a common fre 
quency. Such arrangements have been tried 
out to some extent, and while they appear to 
be in general practicable, they have been 
found to have certain limitations. For ex 
ample, where a chain of radio stations are 
broadcasting at a common wavelength, there 
will be a certain number of listeners who are 
so located with respect to the stations as to 
receive similar field strength from two sta 
tions, so that interference results. 

In general, two different cases of inter 
ference in a common frequency broadcasting 
system may arise, namely, interference where 
two stations transmit different programs but 
on a common Wave length, and interference 
arising where the stations not only broad 
cast at a common wave length, but broadcast 
the same program. In either of these cases, 
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a listener located in a Zone where the field 
strength of the two nearest stations has the 
same order of magnitude will experience sub 
stantial interference between the signals 
from the two stations. For normal trans 
mission conditions and equal power at the 
two broadcasting stations, this interference 
zone would obviously lie approximately mid 
way between stations. c 
This interference may take several differ. 

ent forms. If the carrier frequencies of the 
two stations are not accurately synchronized, 
audible beat notes may be produced between 
the two carrier frequencies. Furthermore, 
even though the carrier frequencies be kept 
sufficiently close together to avoid audible 
beats, there will be, in the case of stations 
broadcasting different programs at the same 
wave length, considerable difficulty, due to 
cross-talk between the two different pro 
grams. In the case of stations broadcasting 
the same program, there will be a pulsating 

or fluctuating effect if the difference between 
the two carrier frequencies is a few cycles, 
or slow fading if the carrier frequencies are 
more accurately synchronized. - 

In accordance with the present invention, 
it is proposed to overcome these difficulties 
by employing several broadcasting frequen 
cies, each common to a number of stations, 
the stations being so physically located with 
reference to each other that where a receiver 
is located in an interference zone between 
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two stations transmitting on the same Wave 
length, reception will be possible from an 
other broadcasting station employing a dif 
ferent wave length, without substantial in 
terference from another station also employ 
ing such different wave lengths. While the 
invention is applicable to a chain of broad 
casting stations employing the common wave 
lengths, whether they transmit the same or 
different programs, it is more particularly 
applicable to the situation in which the same 
program is transmitted. 
The invention may now be more fully un 

derstood from the following detailed de 
Scription when read in connection with the 
accompanying drawing, Figure 1 of which 
shows symbolically a lay-out of broadcasting 
stations all transmitting at the same wave 

80 length and thereby producing interference 
Zones between stations; Fig. 2 of which is a 
lay-Out of broadcasting stations, in accord 
ance with the present invention, and employ 
ing two different frequencies, so that the zone 
of interference between the stations is 
greatly reduced; Figs. 3, 4 and 5 of which 
represent different lay-outs employing three 
frequencies in such a manner as to entirely 
eliminate all interference zones between sta 
tions; and Fig. 6 of which represents sche 
matically a circuit arrangement whereby a 
plurality of broadcasting stations may bein 
terconnected in accordance with the present 
a plurality of wavelengths, each wave length 
being employed in common by several sta 
tions. . . . . . . . 

Referring to Fig. 1, Small circles represent 
broadcasting stations arranged generally in 
rows. The numeral 1 applied to each circle 
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invention to broadcast the same program on 
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indicates that each broadcasting station so 
designated employs the same carrier fre 
quency. In such an arrangement, if we con 
sider a receiver located between the first and 
Second stations at the left of the upper row, 
it will be apparent that interference will oc 
cur. Likewise, considering the first station 
at the left in the upper row, and the second 
station from the left in the lower row, there 
will be interference in a receiver located sub 
stantially midway between the two stations. 
In general, interference Zones may be ex 
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pected to occur over the cross-hatched areas 
of Fig. 1. 
By using two different frequencies and as 

siging one or the other of these frequencies 
to the stations, as indicated in Fig. 2, the in 
terference zones will be reduced to very small 
areas. In this figure, all of the stations 
marked 1 are transmitting at one common 
wave length, and all of the stations inarked 
2 are transmitting at another common wave 
length. It is to be noted that alternate sta 
tions employ different frequencies. The the 
ory underlying this arrangement is that a 
receiver located in a Zone where interference 
might be expected between two stations using 
the same frequency may be tuned to the other 
frequency provided by the arrangement, in 
which case the receiver will not in generai re 
ceive equal signal intensities from the two 
nearest stations employing the alternate fire 
quency. From a consideration of the air 
rangement of Fig. 2, however, it is apparent 
that although the situation has been greatly 
improved, there still remain certain Shall 
regions in which the listener would receive 
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two signals of approximately the same in 
tensity from the two nearest stations, regard 
less of whether he tunes his receiver to the 
one Wave length or the other. For example, 
a receiver located midway between the first 
two stations at the left in the upper row may 
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receive the program by turning either to the 
first or to the second wavelength, without in 
terference, although the receiver is substan 
tially equi-distant between the two nearest 
stations. The same would be true for a re 
ceiver located between the extreme left-hand 
stations of the upper and lower rows, Ol' for 
a receiver located between the stations second 
from the left in each of the rows, etc. In 
the case, however, of a receiver located about 
midway between a group of four adjacent 
stations, such, for example, as the group com 
prising the first and second stations from the 
left in the two rows, interference would oc 
cur, whether it was tuned to the first wave 
length, or the second. Such a receiver would 
be substantially equi-distant from the two 
nearest stations employing the first wave 
length, and also substantially equi-distant be 
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tween the two nearest adjacent stations em 
ploying the second wave length. 
By employing three different frequencies 
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for the system, it will be possible, by prop 
erly locating the stations, and properly as 
signing the frequencies to the stations, to en 
tirely avoid the presence of any zones of in 
terference. In fact, theoretical considera 
tions indicate that three frequencies consti 
tute the minimum number with which such 
a condition is possible. One such an ar 
rangement is illustrated in Fig. 3. Here, the 
broadcasting stations are arranged substan 
tially in rows, with stations in any row stag 
gered with respect to the stations in an adja 
cent row. The numerals 1,2 and 3, applied to 
the stations, indicate that those stations des 
ignated by the numeral 1 broadcast at one 
common wave length, those designated by the 
numeral 2 at a second common wave length, 
and those designated by the numeral 3 at a 
third common wave length. If we consider 
any group of four nearest adjacent stations, 
surrounding a common area, it will be seen 
that while two of them employ the same wave 
length, the other two will employ different 
wave lengths. Therefore, any listener in the 
interference Zone between the two stations 
employing the same wave length may tune 
his receiver to one or the other of the two re 
maining stations without substantial inter 
ference. For example, take the first and sec 
ond stations from the left in the upper two 
rows. A listener midway between the first 
station from the left in the second row, and 
the second station from the left in the top 
row would be in an interference zone with 
reference to these two stations which broad 
cast at the same frequency. By tuning to the 
frequency of the first station at the left in 
the top row, or by tuning to the second sta 
tion from the left in the second row from the 
top, such a listener should be able to receive a 
program from either of these stations without 
substantial interference. So, also, if we con 
sider a listener located at the point a in Fig. 
3, it will be apparent that such listener will 
be midway between two adjacent stations, 
both broadcasting at frequency No. 1. If he 
tunes to frequency No. 3, which is employed 
by the second station from the left in the sec 
ond row from the top, the nearest station 
transmitting at this same wave length will 
be the first station at the left in the lower 
row. It may be shown geometrically that the 
distance from the listener to the last-men 
tioned station is approximately 2.65 times as 
great as the distance from the listener to the 
second station from the left in the second row 
from the top. The listener would therefore 
be quite favorably located with reference to 
the nearest station employing frequency No. 
3, and would not be sufficiently close to any 
other station employing the same wave length 
to meet with any considerable degree of in 
terference. - . . , 

An alternative arrangement, employing 
three frequencies, is illustrated in Fig. 4. 
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Here, the stations are located substantially 
in rows, both vertically and horizontally. 
Two frequencies are employed for the sta 
tions of each horizontal row, so that succes 
sive stations broadcast at alternate frequen 
cies. Successive stations in each vertical row, 
however, employ different ones of three fre 
quencies. Here, again, if we consider any 
group of four nearest stations surrounding a 
common area, it will be seen that only two of 
the four stations, employ the same wave. 
length. Any listener, in this common area, 
who is substantially equi-distant between the 
two stations employing the same wave length 
may, however, tune to either of the other sta 
tions without material interference. Any 
listener in the common area, who is not sub 
stantially centrally located with respect to 
the four stations, may tune his receiver to any 
one of the three frequencies employed in the 
system, without substantial interference. 
Consider, for example, a listener located at a. 
Such a listener, by tuning his receiver to fre 
quency No. 1, would encounter interference 
between the third station from the left in the 
top row, and the second station from the left 
in the second row. If, however, he should 
tune his receiver to frequency No. 3, the near 
est, station broadcasting at that frequency 
will be the third station from the left in the 
Second row. The next nearest station broad 
casting at this frequency will be the second 
station from the left in the lower row, which 
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station is geometrically located approximate 
ly 2.24 times as far from the station a asis the 
third station from the left in the second row. 
Therefore the listener at a should not en 
counter material interference at the third fre 
quency. In a similar manner, he can tune to 
frequency No. 2 without encountering any 
greater degree of interference than in the 
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case of frequency No. 3. 
Still another arrangement, employing. 

three frequencies, is illustrated in Fig. 5. 
Here, as in Fig. 3, the transmitting stations. 
are arranged approximately, in rows, with 
the stations in alternate rows staggered with 
respect to those in the adjacent rows. The 
arrangement of Fig. 5 differs from that of 
Fig. 3 principally in the fact that the tri 
angle formed by any three adjacent stations 
is substantially a right angle triangle rather 
than substantially an equilateral triangle. 
Here, again, if we consider any group of four 
adjacent stations surrounding a common 
area, it will be seen that not more than two of 
them transmit at the same-carrier frequency. 
If we consider a listener located at a, such a 
listener will be substantially equi-distant 

60 with respect to the second station from the 
left in the upper row and the lower row, and 
will therefore meet with interference from 
those stations, each of which will be trans 
mitting at frequency No. 2. Such a listener. 

65. may tune his set to either frequency No. 3, 

carrier frequency. 

or frequency No. 1. If he tunes to frequen 
cy No. 3, for example, it will be seen that the 
nearest station transmitting...at that frequen 
cy is the first station at the left in the middle 
row. The next nearest station is the third 70 
station from the left in the upper row, and 
it may be shown geometrically that the latter 
station is approximately 2.24 times as far 
from station a as is the first station at the left 
in the middle row. . . . . . . . 

... It will be understood that the arrange 
5 

ments above described represent ideal local 
tions of a group of broadcasting stations. In 
practice, it will be necessary, due to local con 
ditions, to depart, to some extent, from any 
one of the above schemes which might be 
chosen. Nevertheless, it should be possible, 
in any practical case, to arrive at a sufficient. 
approximation of one of the above ideal ar. 
rangements to insure that a listener located 
at any point will be able to receive a signal 
from at least one station of the four nearest 
stations without undue interference. It will 
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also be understood that other arrangements 
of stations and frequency allocations folloy 
ing the same general principles may be made, 
if desired, those above described being mere 
ly used for purposes of illustration. 
While the invention is not limited to any particular arrangement for linking the sta 

tions together, and for controlling the car 
rier frequencies employed by the stations, an 
arrangement for accomplishing the desired 
results is illustrated in Fig. 6. 

6, D, E, etc., are so. a group of stations A, B, 
linked together as to broadcast the same pro 
gram, utilizing three different carrier fre 
quencies for the entire system. The voice fre 
quency program originates at V, and a syn 
chronizing EE generated at S. The synchronizing f 

In this figure, 

requency is impressed upon a 
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frequency step-up arrangement HG, at the 
local radio station. A to generate a carrier fre 
quency f. The frequency step-up arrange 
ment may be, for example, a harmonic gener 
ator, of known type, upon which the syn 
chronizing frequency may be impressed, to 
gether with a selective device to select the de 
sired harmonic of the synchronizing fre 
quency. The desired harmonic is then im 
E. upon the radio transmitter T. The 
.requency step-up device may also include: 
suitable amplifying means, if necessary. The 
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program from V is also impressed upon the 
radio transmitter T, to modulate the selected 

chronizing frequency originating at S, may. 
also be applied to a transmission line. Li 
through filters VF and SF. The line L. may 
include one or more repeaters, such as R, and 
serves to transmit the program and synchro 
nizing frequencies to station B. Here, the 
program and synchronizing ESE ae. selected through filters VF and 

The program originating at V, and the syn 
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tively, and impressed upon a radio transmit 
ter To the synchronizing frequency being 
stepped up by means of a frequency step-up 
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device HG to the desired radio frequency for 
station B, which may be assumed to be a fre 
quency f2. . 
The program and synchronizing fre 

Quencies are transmitted from the station B 
over a line L9 (which may include a repeater 
or repeaters Rs) to a station C, which is pro 
vided with equipment similar to that at sta 
tion B, except that here the frequency step-up 
device HGe steps up the synchronizing fre 
quency to a carrier frequency f. Similarly, the program and synchronizing 
frequencies may be transmitted over other 
line circuits such as Lis, L., etc., to other sta 
tions, such as D, E, etc., where additional car 
liers fi, f, etc., may be generated. 

In order that the program may be im 
pressed upon each radio transmitter at exact 
ly the same time, regardless of the length of 
line over which the program is transmitted, 
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delay circuits, such as D, DE, etc., are inter 
posed in the program connection leading to 
each radio transmitter, these delay circuits 
being so designed that the over-all transmis 
sion time from the program source to each 
radio station will be the same. Phase cor 
recting devices, such as Pa, Pb, etc., are also 
provided at each transmitting station in the 
connection leading to the frequency step-up 
device for the purpose of adjusting the phase 
of the arriving synchronizing frequency, so 
that it arrives at each station in the same 
phase relation. The delay circuits and phase 
correctors may be of any known type. For 
example, a delay circuit may be a network of 
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65. rounding a common area will employ less 

the Campbell filler type, and the phase cor 
rector may be anything from a simple, ad 
justable condenser to a more complicated ad 
justable network for phase correction. 

It will be obvious that the general princi 
ples herein disclosed may be embodied in 
many other organizations widely different 
from those illustrated, without departing 
from the spirit of the invention as defined in 
the following claims. 
What is claimed is: . 
1. In a chain broadcasting system, a plu 

rality of broadcasting stations arranged to 
transmit the same program, each station 
transmitting on but a single wave length, 
said stations being arranged in groups, each 
station of a group transmitting at the same 
wave length, but more than one transmitting 
wave length being employed for different 
groups and all of the groups simultaneously 
transmitting the same program, the stations 
of the different groups being so located with 
respect to each other and the stations of other 
groups, and the wave lengths being so as 
signed to the stations, that any set of four 
closely adjacent transmitting stations Sur 
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than four but not less than two carrier fre 
quencies. 

2. In a chain broadcasting system, a plu 
rality of broadcasting stations arranged to 
transmit the same program, each station 
transmitting on but a single wave length, 
said stations being arranged in groups, each 
station of a group transmitting at the same 
Wave length, but more than one transmit 
ting wave length being employed for dif 
ferent groups and all of the groups simul 
taneously transmitting the same program, 
the stations of the different groups being so 
located with respect to each other and the 
stations of other groups, and the wavelengths 
being so assigned to the stations, that any 
set of four closely adjacent transmitting sta 
tions surrounding a common area will em 
ploy less than four but not less than three 
Wave lengths. 

3. In a chain broadcasting system, a plu 
rality of broadcasting stations arranged to 
transmit the same program, each station 
transmitting on but a single wave length, 
said stations being arranged in groups, each 
station of a group transmitting at the same 
Wave length, but more than one transmit 
ting wave length being employed for dif 
ferent groups and all of the groups simul 
taneously transmitting the same program, 
the stations of the different groups being so 
located with respect to each other and the 
stations of other groups, and the wavelengths 
being so assigned to the stations, that of any 
set of four closely adjacent transmitting sta 
tions surrounding a common area, certain 
stations of the set will employ the same wave 
length but not more than two will employ the 
same wave length. - 

4. In a chain broadcasting system, a plu 
rality of broadcasting stations arranged to 
transmit the same program, each station 
transmitting on but a single wave length, 
said stations being arranged in groups, each 
station of a group transmitting at the same 
Wave length, but more than one transmit 
ting wave length being employed for dif 
ferent groups and all of the groups simul 
taneously transmitting the same program, 
the stations of the different groups being so 
located with respect to each other and the 
stations of other groups, and the wave lengths 
being so assigned to the stations, that of any 
set of four closely adjacent transmitting sta 
tions surrounding a common area, certainsta 
tions of the set will employ the same wave 
length but not more than two will employ the 
same wave length, and the other two stations 
of the set will employ different wave lengths. 

5. In a chain broadcasting System, a plu 
rality of broadcasting stations each transmit 
ting on a single wave length and arranged 
substantially in rows, and a plurality of trans 
mitting wave lengths simultaneously 'carry 
ing the same program being so assigned to the 
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stations that certain stations of all of the 
rows employ the same transmitting wave 
length, and certain other stations of all the 
rows employ different transmitting wave 
lengths, the wave lengths being also so as 
signed to the stations that any station in a 
given row will transmit on a frequency dif 
ferent from the transmitting frequency of 
the nearest adjacent station in the same row, 
and from the transmitting frequency of the 
nearest adjacent station in the nearest adja 
cent parallel row. 
In testimony whereof, I have signed my 

name to this specification this 2nd day of 
August, 1927. 

ESTILL I. GREEN. 
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