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This invention relates to radio repeating 
systems and more particularly to radio re 
peating systems employing stations having 
an ambulatory or mobile character as dis 

5 tinguished from fixed repeating stations. 
in order to bridge across long distances 

in radio transmission it is necessary either 
to use high power radio transmitting ap 
paratus or to adopt some system employing 
intermediate radio repeating systems. Such 
repeating stations in the past have been al 
ranged at fixed points. Consequently, if 
it were desired to apply the lepeating 
method to trans-oceanic communication dif 
ficulty would be encountered in establishing 
and maintaining suitable fixed repeating 
stations of the type ordinarily conteinplated. 
it would be necessay to make use of small 
and inaccessible islands for this purpose and 

20 in Some cases the method might fail alto 
gether due to the absence of such islands 
along the route desired. 
The purpose of this invention is to em 

ploy as repeating stations radio equipment 
25 installed upon vessels traveling across the 

ocean over which it is desired to transmit. 
As is well known, vessels of this character 
adhere very closely in their movements to 

( 

fixed schedules and it would therefore be 
80 possible at all times to keep a desired num 

ber of repeating stations at fairly uniform 
distances apart between any two terminal 
stations by mounting the repeating ap 
paratus upon certain vessels following a 

35 given schedule. In certain instances, the 
vessels traveling in one direction may be 
utilized as repeatel's for transmission in one 
direction while those vessels which are re 
turning may be utilized as repeaters for 

to transmission in the opposite direction. In 
accordance with other embodiments of the 
invention, the repeating apparatus with 
which a ship is equipped may be of a two 
way character so that the vessel will con 

#5 stitute a station for transmitting in either 
of two (iirections, regardless of its character. 
The invention also contenaplates arranging 
the repeating apparatus so that the original 
currents to be amplified will be detected dur 

50 ing the process of amplification, thereby 
enabling the receiving portion of the re 
peator equipment to be used for the purpose 
of receiving signals in the usual manner. 
Likewise, the sending equipment of the re 

56 peater may be used for transmitting. 

Obviously, a system of the type above de 
scribed can be used on land under certain 
conditions, the ambulatory stations being 
located on railway, trains or other mobile 
vehicles. 
The invention may now be more fully un 

derstood from the following detailed de 
Scription when read in connection with the 
accompanying du'awing, Figures 1 to 6 in 
clusive of which ilustrate a number of dif 
ferent typical methods by which the inven 
tion may be practiced. 

Referring to Fig. 1, two land stations X 
and Y are shown working through two re 
peating stations designated ship station No. 
1 and ship station No. 2 respectively, these 
stations being located on ships in the region 
between the land stations. The number of 
repeating stations may, of course, be in 
creased as 'equired. Communication in One 
direction is carried on by using wave lengths 
À As and A. Successively, while in the reverse 
direction Wave lengths A, A and A are so 
used. 
The land station X comprises a land line 

ill, this land line being either a telephone or 
telegraph line, a transmitting channel in 
cluding a modulator M, and an amplifier 
TA connects the line L, to a transmitting 
antenna AT. The modulator may be sup 
plied with a carrier frequency A. from any 
suitable Source such as a vacuum tube 
Oscillator O. It will be understood that 
the antenna and transmitting circuits may 
be tuned in accordance with the common 
practice in the art and that the modulator, 
amplifier and oscillator may be of any well 
known type. A receiving channel includ 
ing a detecting and amplifying apparatus 
D connects the land line II to the receiving 
antenna AR. The detecting and amplify 
ing apparatus may be of any type well 
known in the art and it will be understood 
tlhat the receiving antenna and other receiv 
ing circuits may be tuned to the receiving 
frequency A, in any well known manner. 
In ordei that the transmitting and receiving 
channels lay be 'endered conjugate the land 
line L, is balanced by a suitable netword N. 
Ship station No. 1 involves a receiving 

antenna AR, and a transmitting antenna 
AT, interconnected by two separate repeat 
ing channels. The one channel including 
detecting and amplifying apparatus DE, 
associated with the antenna AR, a modula 
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tor ME and an amplifier EA, the modula 
to being supplied with the carrier fre 
quency À3 from an Oscillator EC)2. The 
other channel includes the detecting and 
amplifying apparatus. DW, modulator 
MW, and amplifier WA, the modulator be 
ing supplied with the carrier frequency. Às 
from the oscillator Wé). It will be undel'- 
stood that the antenna AR is merely con 
ventionally indicated, the antenna as ac 
tually constructed being alranged so that it 
is resonant at either of two frequencies A. 
or A in a manner well understood in the art. 
Likewise, the detecting and amplifying ap 
paratus of the two channels may be rendered 
selective by tuning ol' other means well 
known in the art at frequencies. À1 and À4 
respectively. So, also, the transimitting por 
tions of the channels may be rendered selec 
tive by tuning or other Well known means 
and the transmitting antenna AT may be 
resonant at either of two frequencies Aa 
and A. 
The apparatus at ship station No. 2 will 

be in all respects identical with that at 
ship station No. 1 except for the different 
frequencies involved and, similarly, the ap 
paratus at land station Y will be identical 
in construction with that at land station X 
except for the different frequencies el}}- 
ployed. At station Y the fl'equency As is 
used for transmission and the frequency Às 
for reception. All of the elements conven 
tionally indicated at all of the stations in 
Fig. 1 and also in the other figures may be 
of any type well known in the art except as 
otherwise indicated. 
The operation is as follows: Telephonic or 

other signals incoming from land line iu, 
are impressed upon the modulator M, and 
modulate the carrier frequency At the modu 
lated carrier frequency being amplified by 
the amplifier TA and radiated by the an 
tenna AT. The nodulated carrier fre 
quency A is received at ship station No. 1. 
by the antenna AR, in pressed upon the de 
tector OE, and the signal detected there 
from. The detected signal may be heard 
in the local receiver in a manner Well 
tunderstood in the art but for purposes of 
repeating some of the detected energy is 
ium pressed upon the modulator EO, to modua 
late a carrier frequency As the unodulated 
cariier being amplified by the amplifier EA 
and radiated from the antenna AT. At 
ship. station No. 2 the modulated carrier fre 
quency A is received by the receiving an 
tenna, detected, and the detected signal is 
used to modulate the carrier frequency X. 
which in turn is radiated to the land station 
Y, where is is detected and impressed upon 
the outgoing land line Eu. 

In a siranilar manne”. Signaling currents 
received fi:om the line. A nodulate a carrier 
reque{y X, Y, are 'adiated to at station Y 
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ship station No. 2, where they are detected 
in the other channel by detector DW, the 
detected oscillations modulating a carrier' 
frequency A, which is then amplified and 
l'adiated from the antenna AT to ship sta 
tion No. 1. The modulated carrier A is de 
tected at ship station No. 1 by the detector' 
! »WÄ', the letected signaling cui l'urent being 
used to lodulate a carrier frequency A. 
which in turn is radiated to the receiving 
intenna AIR, at station N. The detector 
i}, of the receiving channel detects the signal 
from the frequency A and transmits it to 
the land iline ! u. 
The system above described is so arranged 

that any interference between stations is 
avoided, this result being accomplished, 
however, by the employment of somewhat 
complex equipment and the use of a number 
of different wave lengths. It will be under 
stood, of course, that, as the ship stations 
shown approach land the ship which is land 
ing may be dropped out of the chain of 
radio repeaters and a new ship starting out 
from the distant shore may take its place. 
Whenever this occurs the frequencies will be 
readjusted at the various repeater stations 
so that the translation in frequency occurs 
in the same Order at the different repeater 
stations. In order to maintain suitable 
energy levels for good transmission it will 
be possible to have the operator's of the 
various ships whose radio stations are to 
function as repeater stations adjust the 
energy transmitted with reference to their 
geographical location or with reference to 
the positions of the repeater stations on 
ships either side of them with which they are 
to work. The energy level adjustinents may 
be made by the use of potentioneters in 
connection with the amplifiers or by any 
other leans well known in the prior at. 
Where a regular lane for shipping exists it 
will readily be possible to arrange a simple 
and easily followed routine for adjusting 
the transmissio) de vel and wave lengths en 
ployed at any repeating station so that a 
minimum of attention by the ship's operator 
will be required to insure satisfactory trans 
mission. 
A second a lethod is illustrated in Fig. 2. 

In accordance with this lethod separate 
stations a 'e used for trafic in each direction, 
each station being arranged to receive on : 
vave length X\, and transmit oin zu, wave 
length X, or vice versa, depending upon it: 
position in the chain of repeater's. As a re 

the wave lengths used from one land 
tation to the other are alternately A and A, 

in either direction and no station receives 
Rind t risinits simultaneously on the sane 
Wave length even though but two wave 
ei orths Ré loveci - throug it. T 3 engths are employed throughout. I he 
natile of the apparatus employed will be 
obvious fron) the description of Fig. 1 and 
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the coordination of the apparatus will he 
clear from a statement of the operation. 
Signals incoming from the land line at landi 
station X Will modulate a radio frequency 
A, which is transmitted to ship station No. 2, 
Where is is detected and the detected signal 
used to modulate the radio frequency A. 
The modulated frequency X in tu1'?n is ra 
diated to ship station No. 4, where it is de 
tected and the detected signal used to modul 
late a radio frequency A. The radio fre 
quency A in turn is radiated to the land 
station Y where it is detected and trans 
litted to the land line. Transmission in the 
opposite direction from the land line at sta 
tion Y talkes place at a radio frequency À. 
between the land station and ship station No. 
3. Between ship station No. 3 and ship sta 
tion No. 1 transmission takes place at fre 
Quency A and finally transmission between 
ship station No. 1 and land station X takes 
place at radio frequency A, the modulated 
l'adio frequency being detected at station X 
and the detected signals transmitted to the 
land line thereat. 
While this arrangement has the advantage 

of employing only two carrier frequencies, 
a certain amount of interference between 
traffic in the two directions may result in 
the form of an echo or side tone unless the 
stations carrying traffic in one direction fol 
low paths well separated from those carry 
ing traffic in the other direction. For ex 
ample, should ship station No. 1 and ship 
station No. 3 approach too close together an 
echo path may be traced from land station 
X to ship station No. 2 at carrier frequency 
A and from ship station No. 2 to ship sta 
tion No. 3 at carrier frequency A and then 
from the latter station back to land station 
X through ship station No. 1. This is a 
matter which may be readily overcome, how 
evel', by keeping the lanes of the ships trav 
eling in the two directions well apart from 
each other. Adjustments of the transmis 
sion level and the Wave lengths employed 
may be made as described in connection with 
Fig. 1. 
A third method of transmitting with the 

aid of radio repeating stations of the mobile 
type is illustrated in Fig. 3, where each re 
peating station receives one Wave length. À 
and transmits with Wave length X, or vice 
versa. For example, transmission takes 
place from land station X to ship station 
No. 1 at frequency A. At ship station No. 1 
this frequency is received by the antenna. 
AiR, and is then detected and the detected 
frequency used to modulate a frequency As, 
which is radiated from the antenna AT. 
This frequency is transmitted to ship sta 
tion No. 2, where it is received by the re 
ceiving antenna AR, and detected. The de 
tected signal is then used to modulate the 
carrier frequency A, which is radiated from 

the antenna AT to the receiving antenna, 
AT. For transmission in the opposite di 
lection a frequency A is employed in trans 
hitting from land station Y to ship station 
No. 2, the atter frequency being received by 
receiving antenna AR, at the latter point. 
This is translated to a frequency. A for ra 
diation from antenna AT to receiving an 
tenna, AR, of ship station No. 1 where the 
frequency is again translated to As for trans 
mission from antenna AT, to the receiving 
antenna AR of land station X. This al 
rangement has the advantage of great sin 
plification of the apparatus involved in ad 
(lition to the use of only two frequencies, 
but, here again, side tone may result in cer 
tain cases. For example, if ship stations 
No. 1 and No. 2 approach each other too 
closely a side tone path may be traced from 
antenna AT, at ship station No. 1 to an 
tenna, AR, at ship station No. 2 at a fre 
quency of A, being translated at the latter 
station to a frequency of A, which is trans 
mitted back from antenna AT to receiving 
antenna AR, at ship station No. 1. This 
difficulty may, of course, be avoided by tak 
ing care that the stations are properly Sepa 
rated. 
Where it is found practicable to balance 

the transmitter against the receiver, trans 
mission may take place from land station to 
land station through the intermediate re 
peater stations without translation in Wave 
length, one wave length being employed for 
transmission in one direction throughout 
and one wave length being employed fol' 
transmission in the other direction through 
out. Figure 4 illustrates a system of this 
type. In this system a single antenna may 
be used both for transmitting and receiv 
ing at the repeater station. For example, 2. 
ship station No. 1 a single antenna A, is 
shown, the antenna being coupled to a re 
ceiving channel RL, through a hybrid coil 
a}'rangement 10. An Outgoing channeli Tiu? 
is connected to the midpoint of the hybrid 
coil and the two channels are rendered con 
jugate by balancing the antenna. A by means 
of a suitable network N, in a manner well 
known in the art. The two channels are in 
terconnected by selective paths, each includ 
ing high frequency amplifying apparatus 
with suitable filters on either side of the am 
plifiers for rendering the paths selective to 
frequencies A and A respectively. Ship 
station No. 2 may be in all respects identical 
with that described in connection with ship 
station No. 1. 
The operation is as follows: Signals from 

the land line at land station X modulate a 
carrier frequency A, which is radiated from 
the antenna AT and received by the an 
tenna AT, (which may be arranged so as to 
be selective at either of two frequencies or 
else made aperiodic so as not to discriminate 
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between the frequencies); and then transmit 
ted to the receiving channel RL. From this 
channel it will be selected into the upper 
path by means of the filter selective to fre 
tulency Às, the modulated carrier being am 
plified and transmitted through the trans 
mitting path TL to the antenna A. The 
modulated amplified frequency A will then 
be radiated and transmitted to station No. 2, 
where a similar operation will take place, 
the amplified radio frequency A, being then 
l'adiated to station Y and received by an 
tenna AR. Transmission in the opposite 
direction will take place at frequency A. 
This frequency is received by the antenna 
As of station No. 2 and passed into the re 
ceiving channel where it is selected by the 
filters of the lower path for amplification 
and transmission to the receiving channel. 
From the receiving channel the frequency 
Àg is transmitted back to the antenna Aa 
for radiation to ship station No. 1, where a 
similar operation takes place. The ampli 
fied frequency A is finally radiated from an 
tenna. A to the receiving antenna. AR of 
land station X. The arrangement described 
in connection with Fig. 4 will be free from 
any echo or side tone effect, due to proximity 
of repeater Stations, although it requires a 
very high degree of balance to prevent sing 
ing or side tone in the individual circuits 
of each repeater station. 

Fig. 5 illustrates a system of a similal 
type in which reception and transmission 
take place in both directions at all stations 
at the same wave length. At land station 
X, the transmitting and receiving antennae 
AT, and Ali, of the preceding figures are 
replaced by a single antenna A, which is 
coupled to the local receiving and trans 
hitting channel by means of a hybrid coil 11 
and balancing network 12 in a manner well 
understood in the art. The apparatus at 
the ship stations No. 1 and No. 2 will be 
similar to that illustrated in Fig. 4, except 
that the receiving and transmitting chan 
nels associated with the common antenna. 
at each ship station will be interconnected by 
a single path containing an amplifier and 
suitable selective apparatus. 
The operation is as follows: Signals in 

coning fro))) land line L. modulate the 
radio frequency A, and after amplification 
and selection the modulated frequency is 
radiated from the antenna. A to the an 
teinna. As of ship station No. 1. "The modul 
lated frequency is then passed into the re 
ceiving channel R., amplified by the ampli 
fier in the common path and then passed into 
the transmitting channel TE, for radiation 
from the antenna. A to ship station No. 2. 
At this station a similar operation takes 
place and the same wave length is finally 
radiated to the receiving antenna A at land 
station Y. Transmission in the opposite di 
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rection will obviously take place in a similar 
imanner. This arrangement is subject to the 
disadvantage that it will require a very per 
fect degree of balance to prevent echoes or 
howling between adjacent stations. It is 
ideal, however, in that it employs only one 
Wave length and, aside from the balancing 
appal'atus, a very simple and inexpensive 
amplifying arrangement. 
Many other combinations of frequencies 

in repeating stations might be devised but 
the systems above described may be consid 
el'ed illustrative. It is not, however, intend 
ed to limit this system employing mobile or 
a Babulatory repeating devices to any pal 
ticular system of wave length distribution 
ahì0ng the various stations. In this con 
nection, it is pointed out that the use of a 
frequency control system similar to that dis 
closed in United States patent to O. B. Black 
well, Serial No. 1403,835, of January 17, 
1922, or United States patent to J. R. Car 
son, Serial No. 1,403,841, of January 17, 
1922, may be used in connection with the re 
peater arrangements of the present inven 
tion. Fig. 6 illustrates a circuit arrange 
1:lent embodying this feature. At the land 
station X, which may be treated as a master 
station in accordance with the schenne dis 
closed in the Carson and Blackwell patents, 
above referred to, two oscillators O, and O' 
are provided, one of which may generate a 
frequency of 500,000 cycles, for example, and 
the other a frequency of 550,000 cycles, for 
example. These two frequencies are in 
pressed upon a modulator M", thereby pro 
ducing in the output circuit components hav 
ing frequencies of 450,000, 500,000 and 550,- 
000 cycles. A certain amount of energy from 
the oscilator O is led to the speech modu 
lator M, which is also associated with the 
land line L, so that the frequency 500,000 
cycles lay be modulated in accordance with 
the signals incoming from said line and after 
being amplified by the amplifier TA may 
be impressed upon the transmitting antenna 
AT. Obviously, there would be radiated 
from the antenna ATan unmodulated conn 
ponent of 500,000 cycles, components corre 
sponding to 500.000 cycles -- 8, the signalling 
frequency, and frequencies of 450,000 and 
i550,000 cycles. 

Åt, ship station No. 1, these frequencies 
ulay lie received by the antenna. A R. An 
amplifier EA is associated with the antenna 
fol: almplifying the frequencies and on the 
output side of the amplifier three branches 
are arranged including filters F, F, and 
F's respectively. Filter F, passes a baid 
corresponding to 500,000 cycles -- s. Filter 
F, passes 550,000 cycles and filter F. 450,- 
()00 cycles. A modulator M' is provided and 
is so associated with the branches including 
filter's F and F, that the band of fre 
quencies corresponding to 500,000 cycles -- 
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s will beat with the frequency of 550,000 
cycles to produce a lower band correspond 
ing to 50,000 cycles -- s in the ouput side 
of the modulator. This band may be 
Selected and detected by the detecting ar 
1rangement DE, thereby producing the sig 
nal 8 in its output. A speech modulator M, 
is provided, the signal S being impressed 
upon said modulator together with the fre 
quency 550,000 cycles so that the latter fre 
quency will be modulated in accordance with 
the signal and a band corresponding to 550,- 
000 cycles -- S Will appear upon the output 
side of the modulator. An amplifier EA'. 
may be provided for impressing the energy 
upon the transmitting antenna. AT. The 
band corresponding to 550,000 cycles -- S is 
impressed upon this modulator and the un 
modulated frequency of 450,000 cycles is also 
impressed upon this modulator so that these 
frequencies are radiated from the antenna 
AT, in amplified form. 
At ship station No. 3 a somewhat similar 

arrangement is provided. Here the received 
frequencies are amplified by the amplifier 
EA. The modulated band of 550,000 cy 
cles -- s is selected by a filter F, while the 
un modulated frequency of 450.000 cycles is 
selected by a filter F, and impressed upon 
the same modulator. As a result, a lower' side 
band corresponding to 100,000 cycles -- S 
is produced in the output of modulator M. 
From this band the signal S is selected and 
detected by the detector DE, so that the 
signal S is produced upon the output side 
of the detector. A speech modulator M is 
provided upon which the signal S is im 
pressed, together with the unmodulated fre 
quency of 450,000 cycles from the filter F. 
As a result, the signal is modulated upon a 
arrier frequency of 450.000 cycles and im 
pressed upon the amplifier EA's. At the 
same time, the unmodulated component of 
100,000 cycles is selected from the output of 
odulator Mº. by the filter F“; and im 

pressed upon a harmonic producer H. The 
harmonic producer H may be of any type 
well known in the art such, for example, as 

By the action of this 
harmonic producer, harmonics of 100,000 cy 
cles are produced, of which the harmonic 
corresponding to 500,000 cycles is selected by 
the filter F' and impressed upon the am 
plifier EA'. Consequently, the transmit 
ting antenna radiates an unmodulated fre 
quency of 500,000 cycles and a signaling 
band comprising 450,000 cycles -H s. 
The above ilustrations are suficient to 

indicate the manner in which the frequency 
may be transmitted from station to station 
by successive changes in frequency, all of 
the frequencies being controlled from a mas 
ter station X. The transmission in the op 
posite direction may take place in a similar 
manner and it has not been considered nec 

5 

assary, therefore, to illustrate the details of 
the repeaters at ship station No. 1 and ship 
station No. 4. 
course, that the distant land station (not 
shown) will act as a master station for trans 
mission in the opposite direction. It may 
be considered, for example, as transmitting 
three frequencies f, f-f and f-f One 
of these three frequencies is modulated and 
at the first repeater point the signal is de 
tected and by re-modulation and re-amplifi 
cation, retransmitted on another of the three 
frequencies. Each time the signal is trans 
mitted to a repeater station it will be detected 
and modulated upon a different carrier in a 
Imanner similar to that described in connec 
tion with ship stations No. 1 and No. 3. 

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. A radio repeating system comprising 

terminal receiving and transmitting stations 
and a plurality of intermediate stations 
shifting in position with respect to the ter 
minal stations along routes of travel be 
tween said terminal stations, means at each 
intermediate station for receiving and an 
plifying signals transmitted from the near 
est adjacent station on one side and means 
responsive to the received signals for trans 
mitting the amplified signals to the hearest 
station on the other side. - 

2. A radio repeating system comprising 
terminal receiving and transmitting stations 
and a plurality of intermediate stations 
shifting in position with respect to each 
other along routes of travel between said 
tel'minal stations, means at each interme 
diate station for receiving and amplifying 
signals transmitted from the nearest adja 
celt station om one side and means respon 
sive to the received signals for transmitting 
the amplified signals to the nearest station 
on the other side. 

3. A radio repeating system comprising 
terminal stations, each arranged for trans 
mission and reception, and a plurality of 
intermediate repeating stations arranged to 
move in a continuous chain from one ter 
minal station to the other, each intermediate 
station comprising means for receiving and 
amplifying signals transmitted from the 
nearest adjacent station on One side and 
means responsive to the received signals for 
transmitting the amplified signals to the 
nearest adjacent station on the other side. 

4. A radio repeating station comprising 
terminal stations, each including means for 
transmitting and receiving signals, a plu 
rality of movable repeating stations inter 
mediate between the terminal stations, said 

It will be understood, of 
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repeating stations moving in an endless 
chain in the space between the terminal sta 
tions so that a given number of the stations 
will always be moving between the terminal 
stations in one direction while other repeat 
ing stations will be moving between the ter 
}}inal stations in the opposite direction, 
means at each repeating station for receiv 
ing and amplifying signa?S transmitted 
fi'oin the nearest statiola on one side mov 
ing in the saine direction and means respola 
sive to the ieceived signals for transmitting 
the amplified signals to the nearest station 
o: the other side ioving in the sanne direc 
tion, 

5. A radio repeating systelan comprising 
terraial stations, each arranged to transmit 
and 'eceive signals at different frequencies, 
a plurality of intermediate repeating Sta 
tions movable with respect to said terminal 
stationis along routes of t'a vel bet Ween said 
terminal stations, means at each repeating 
station to receive signals translaitted from 
the nearest adjacent station on one side, 
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heans responsive to the received signals to 
translate the signals in frequency and means 
to transmit the signals thus translated in 
frequency to the nearest adjacent station on 
the other side. 

6. A radio repeating system comprising 
terminal stations, each arranged to transmit 
and receive signals at different frequencies, 
a plurality of intermediate repeating sta 
tions movable with respect to each other 
along routes of travel between sa di terminal 
stations, means at each repeating station to 
receive signals transmitted from the near 
est adjacent station on one side, means re 
sponsive to the received signals to translate 
the signals in frequency and means to trans 
lait the signals thus translated in frequency 
to the nearest adjacent station on the other 
side. 

In testimony whereof, I have signed my 
name to this specification this 7th day of 
August, 1923. 

ROBERT W. MORRIS. 
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