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~ Application filed ‘September 25, 1925. Serial No. 58,663.

This i»nvention relates to radio signaling -

systems, and particularly to a system of that
type intended for broadcasting purposes. -
Ag is well known, a plurality ‘of radio
5 broadcasting stations are frequently con-
nected by wire lines -with what may be
termed a program center, that is to say, a sta-
tion where the program 1s put upon the wire
circuit for transmission to each of the broad-
10 casting stations. In the radio broadcasting
art it 1s not uncommon to connect together a
plurality of broadcasting stations ‘which are
widely separated geographically. It has
been found that'the transmission of an audio
15 frequency band over a long transmission line
produces distortion of the-band, such distor-
‘tion arising from:the characteristics of the
line and the transformers in-the repeating
apparatus. - It has been found that by raising
20 the band to a higher position in the frequency
spectrum before applying it to the wire line,
it  is -possible  to transmit the band with
greater uniformity, that is to say, less dis-
tortion than where andio frequency transmis-
25 sion-is employed. ’ R o
One of the objects of ‘this invention is to
reduce the magnitude of-the distortion re-
sulting from the “transmission - of ‘the ‘fre-
quency bands over the wire network of a
30 multi-station radio broadcasting system by
raising - the frequencies of the transmitted
band. R
Another object of this invention resides in
modulating the radio carrier frequency at
35 the broadcasting stations directly by the in-
termediate frequency band received thereat
from the -wire line. - This method eliminates

distortion which is present in those systems-

in which an incoming modulated carrier fre-
40 quency is demodulated to produce the audio
frequency signal.which is then employed to
modulate the radio frequency carrier. In

such systems- the trouble arises from the
transmission characteristics of the audio fre-

45 quency circuits at the broadcasting stations
which will always, to a certain extent, dis-
tort the audio frequency band:+~ =~

Other objects of this invention will-also
“be apparent from the following description
50 when read in connection with the: attached

drawings, -of which Figure 1 shows sche-

matically a2 form of embodiment of the: in-
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vention to effect transmission over a wire line .

to 'a plurality of broadéasting antenns of a

carrier- frequency and also one of the side
bands of the carrier, the frequencies employed
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throughout the wire system' being of course .

different from this transmitted from the an-

tennee; and. Fig. 2 represents a similar ar-

rangement to -effect single side-band trans-
mission over the lines and also from the an-
tennee, the band transmitted over the line
being, however, of different frequency from
that sent from the antennee, = - S

- Fig. 1 represents a' program center con-
nected with three broadcasting stations des-
ignated A, B and C. . It will of course be un-
derstood that the invention may be embodied
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in a system employing any number of sta-

tions. - The program center conmiprises what is
termed an audio frequency pick-up, designat-
ed 1, which is connected with the modulator
2, having connected therewith a source- of
oscillations 3, of the frequency f;.. While the
modulator and the oscillator may be of any
type, a desirable form would of course be the
vacuum tube type.: The output of the mody.

lator 2 ‘is connected 'with ‘the wire line 4

10

15

through the band filter 5. This filter, which -

is of the type shown in the patent to Camp-

bell, 1,227,118, is designed to transmit the

carrier f; and one of the side bands resulting
from modulation of thecarrier frequency f,
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by the audio:frequency s, the band being .

‘represented by f;+s. ‘The frequency f, of the

carrier is within the range suitable for trans-
mission over a ‘wire circuit, that is to say, be-
tween 5 and .30 kilocycles., ‘The -wire:line 4
extends to the broadcasting station A and
has therein a repeater 6-to compensate forthe
attentation of this circuit. Another wire line
7.is connected with the liné 4 and also with
the lines 8-and 9 to connect the stations B and

- C with the program center. Repeaters 10 and
‘11 are included in the wire line 7. It will of
‘course be understood that the number of re-
‘peaters employed will depend upon the trans-
‘mission:level that-it is desired to maintain

‘over‘the system. The broadcasting station

A, which’is similar to B and C, comprises a
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15

moduiator 12 with which is connected an os-
cillator 13, producing a frequency fo. The
output side of the modulator is connected
through the band filter 14 with a radio fre-
quency power amplifier 15. The band filter,
which is of the Campbell type, is designed to
pass a_radio frequency carrier f, equal to

produced by the modulation of the radio fre-
queney f, by the-side band f,+s.

carrier frequency and the side band fre-

_ quencies transmitted from the antenng of B

and-C.would each be different from the. eor-
respondmo' frequencies transmitted from.sta-
tion A. Thus the carrier frequency from B
and C may be represented by f; and £,, re-
spectively, and the side bands by fa-’rs and

_ fats, respectively..
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It seems desirable to pomt out: that the es-
sential parts of the audio frequency pick-up

'L, shown.in connection with the program cen-

ter, are a source of audio frequency current
obtained from voice, music, or other sources
of sound, together with. the necessary appa-
ratus for picking:.up and amplifying such
currents.. It is desired to point:out.that the
source of- sound, that is to say, the voice or
instrument, may be at the studio. where: the
modulator, oscillator- and other: apparatus
constituting the program center; are located,

or:such.sources.of sound may be-at some. dis’

tance from:the program center and connected

therewith by a . wire. circuit, the length of

which would not- be - sufﬁcmntly great as to

introduece -the - distortion mentloned herein-

before with reference tothe wire lines;so that

it. would. be: unnecessary. to employ. a carrier
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frequency -over the wire line: connecting the
transmitter at the source. of the sound Wlth
the program.center. .

The audio-frequency current st up in: the
voice frequency. pick-up line will' be im-
pressed. upen the modulator 2 and: will be
beaten therein with -the carrier. oscillations

1 from the-source 8. :The’ frequencies re-
sulting from:modulation will be impressed

apon-the band filter 5, which is designed to
pass the frequency f; and also side band fit

5. These frequencies, when amplified by re-
peaters.6, would be impressed upon the sta-
tion A, and with the additional amplification
of repe‘lters 10 and 11 upon stations B and
.C.. Tt-will be necessary to describe what hap-
pens at station A only, because the action of

“stations B and C.is. substantlally identical,
the:difference residing only in the frequen—

cies..employed. ~The low frequency carrier
fl and the fr requencies of the side band f,+s
will be impressed by the line 4. upon the
modulator 12 wherein' they will, be. beaten
Wlth the. radm frequency: f;. supplied; by: the

“to fot frp and fots being equa.l to
Fotf1 and also one of the side bands f,+s_ '

Ag-stated,
- the stations B and -C are-similar- to “station -
- A with the exception that the oscillations pro--
duced by oscillators similar to 13 would pref--
erably have a different frequency, so that the.

1,824,827

oscillator 13. Without setting forth all the
frequencies that result from this modulating
step which would be impressed upon the band
filter 14, it may be stated that this filter is
de51gned to pass only the frequency f. and
the band of frequencies f,+s, f. being equal
f;&- fits.
These frequencies, when amplified by the
power amplifier 15, are radiated from the
associated antenna.

By modulating a- lew  frequeney carrier
current by the audio frequency and transmit-
ting one of the bands resulting from modula-
thIl instead of transmitting “the audio fre-
quency directly over the wire line to the
buoadeasting stations; the distortion inher-
ent 1n audio freq.uency transmission 1s elimi-
nated.. This arises, from the fact-that by
tmnsmlttmg at the higher range of frequen-

cies. the dlstortlon in the band of frequéncies -

equal to the voice frequency range may be

‘made negligible for the complete circuit, n-

cluding the wire line and repeating appara-
tus..- - Eurthermore, by modulating the radio
frequency carrier- directly by this: interme-
diate frequency band instead. of detecting the
audio, frequency fromi- the: intermediate fre-
quency before modulating the radio fre-
quency.: carrier, it is practicable to eliminate

the loss. incidental to the use of audio: fre—-

quency apparatus.

The arrangementushown in Fig. 2 is struc-

turally the same as that shown in: Fig. 1, the
difference being in the adjustment of the
band. filters; which. are designed to suppress
the carrier and one band of frequencies. re-
sulting from. modulation, and: to. transmit
only. the other band.. Thus, in Fig. 2, the
band. filter 5. transmits only the band 71+s

and in likeé ' manner the filter 14 transm1ts the -

band f.+s. By this method it is possible
to transmit. and broadcast signals of uniform
high quality from. a, large. number of radio
broadcastang_statlons connected. in multiple
to an, extensive. wire: distributing- network.
This. is. due to the fact: that the accumulated
transmission distortion of audio frequency
cireuits. and, apparatus- has: béen. eliminated
by -changing the audie: frequency to an in-
termediate- frequency for transmission over
the wire circuit. The advantage of single
side band. transmission: over. transmlssmn “of
the side band with the. carrier, resides in the
ablllty to.use smaller amplifiers. at the re-
geatmg points, which is rendered. possible
rom.the smaller: amount; of energy transmit-
ted over the wire lines.

While: thlS invention has been dlsclosed as
embodied in, partmular forms, it is to be
understood-that it is capable of embodiment
in other and different forms without depart-
ing from the spirit. and scope of the appended
claims: - ,

 What:is: clauned is: ‘

. 1. In; a: system: comprising: a: plumhty of
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radio broadcasting . stations, .a program
center, and a plurality of circuits connecting

the said center with each of said broadcast-
ing stations, the method which consists in
modulating by an audio frequency a carrier
current of intermediate frequency suitable

for transmission over a wire line, transmit- .

ting to each broadcasting station the carrier
irequency and one of the side bands resulting
from modulation of the said carrier by the
said audio frequency, modulating at- each
broadcasting station a radio frequency car-
rier by the said intermediate frequency car-
rier and its side band, and radiating one of
the side bands produced by the modulation of
the said radio frequency carrier by a band of
frequencies consisting of the said interme-

diate frequency carrier and the side band.
transmitted therewith over the said wire line.-

2. In a system comprising a plurality of
radio broadcasting stations, a program cen-
ter, and a plurality of circuits connecting the
said center with each of said broadcasting
stations, the method which consists in modu-
lating by audio frequencies a carrier current
of intermediate frequency suitable for trans-
mission over a wire line, selecting the carrier

frequency and one of the side bands and

transmitting to each broadcasting station the

said carrier and the selected side band, modu-

lating at each broadecasting station, a radio
frequency current by a. band of frequency
comprising the said intermediate frequency
carrier and its side band, selecting and radi-
ating one of the side bands produced by the
modulation of the said radio frequency car-
vier by the said band of frequencies consist-
ing of the said intermediate frequency car-
rier and side band transmitted therewith over
the said wire line. ’

3. In a system comprising a plurality of
radio broadcasting stations, a program cen:
ter, and a plurality of circuits connecting the
said center with each of said broadcasting
stations, the method which consists in modu-
lating by audio frequencies a carrier current
of intermediate frequency suitable for trans-
mission over a wire line, selecting the said
carrier and one side band, transmitting to
each broadcasting station the selected carrier
and side band frequencies and amplifying
such frequencies during the said transmis-
sion, modulating at each broadcasting: sta-
tion a radio frequency carrier-by a band of
frequencies comprising the said intermediate
frequency carrier and its side band, selecting
one of the side bands produced by.the modu-
lation of the said radio frequency-carrier by

3

ter, and a plurality of circuits connecting the
said center with each of said broadcasting
stations, the method which consists in modu-
lating by audio frequencies a carrier current
of intermediate frequency suitable for trans-
mission over a wire line, selecting the said-
carrier and one side band, transmitting to
each broadcasting station the selected carrier

70

and side band frequencies and amplifying -

such frequencies during the said transmis-

-sion, modulating-at each broadcasting sta-

tion a radio frequency carrier by a band of
frequencies comprising the said intermediate

- frequency carrier and its side band, selecting

one of the side band combinations resulting
from the last modulating step. the said com-
bination comprising a broadcast carrier re-
sulting from beating the radio frequency

carrier by the intermediate frequency car-
rier, and that side band resulting from modu-
lating the radio frequency carrier by the in-

termediate frequency side band which, when
beaten with the said selected broadcast car-

“rier, will produce the audio frequency, and

amplifying and radiating the selected fre-
quencies. -

" 5. The method of effecting radio broad-
cast transmission of a single side band, to-
gether with its carrier to permit of ready de-
tection of the program by broadcast receiv-
ers, which consists in modulating by the

“audio frequencies of the program a carrier

whose frequency is intermediate between the
audio frequencies and the frequency of broad-
cast radiation, eliminating one of the side
bands and transmitting the carrier with the
remaining side band, modulating a radio fre-
quency carrier by a band of frequencies com-
prising the single side band and the first
mentioned carrier, selecting and radiating
one of the resulting side band combinations,
comprising a carrier and a single side band,
and suppressing the other components com-
prising the radio frequency carrier and the

‘opposite side band combination.

In testimony whereof, I have signed my .
name to this specification this 23rd. day of
September 1925.

DE LOSS K. MARTIN.
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the said band consisting of the said inter- -

mediate frequency carrier and the side band

transmitted therewith over the said wire .

line, and radiating the side band as thus se-
lected. :

4. In a system comprising a plurality of
radio broadcasting stations, a program cen-
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