
May 29, 1928. 1,671,143 
G. A. CAMPBEL 

WAWE TRANSLATOR 

Filed Sept. 24, 1924 4. Sheets-Sheet l 

Cowesso" 

(-4-> 7Eaze 
6//zeroez Wave {- A -- B -- C -- D -- E -- F -- G ---- 

(2/62ngvessee Wave A,B,C,DB CBE, CBE, FREEGEE.G.H. E.G.H., GH, I, J.--- 
(3) Aeaea aw by Arnos 1234 234 234 234 1234 234----- 

Wave za/ 
(42/ Aziz/ / - A - B - C--D,-- E - E - G ---- 
(2) Azaz, 2 (-B - C - D - E--E. -- G-- H --- 
(6) Az72, 3 - C - D,-- E - E -- G -- H ----- 
/7/ Awe, 4 -D-E-F, --G-c-H, - ,---- 

472ey Aedarviney 
(3) -772 7 (O.Sec/ ( - A --B, x-C-x-D-x-E-F--G-k--- 
(2) Aze 2 (% (5ee) -B - C - D,-- E - F. --G---- 
(70 4ve 5 (32 (, Sec.) e-C-x-D-- E - F -- G --- 
(7// 47m 46% see ) - D,-- E - F -- G ---- 

INVENTOR 
64 (we?/ By 

- 

d ATTORNEY 

  



May 29, 1928. 
G. A. CAMPBELL 
WAWE TRANSLATOR 

Filed Sept. 24, 1924 

AV Sectorzis of 
4réfectavo Zaee 

By 

1,671,143 

4. Sheets-Sheet. 

INVENTOR 

6, 7, (wwded/ 
7%. ATTORNEY 

2 

  



May 29, 1928. 2,671,143 
G. A. CAMPBEL. 
WAWE TRANSLATOR 

Filed Sept. 24, l924 4. Sheets-Sheet 3 

72 

Aea/aeza A At 4/775ue 

Iz. 

Aw, ? INVENTOR 
64 (wed/ 

BY 

7.3% ATTORNEY 

  

    

  

  





0 

5 

20 

25 

40 

50 

Patented May 29, 1928. 

UNITED STATES 

1,671,143 

PATENT office. 
GEORGE A. CAMPBELL OF UPPER MONTCLAIR, NEWJERSEY, ASSIGNOR. To AMERICAN 

TELEPHONE AND TELEGRAPH. COMPANY, A CORPORATION OF NEW YORK, 

WAVE TRANSA OR. 

Application filed September 24, 1924. Serial No. 739,638. 

This invention relates to wave transmis 
sion and more particularly to a method of 
and means for operating upon a wave in 
such a manner as to change the time re 
quired for transmission of short portions of 
the wave. 
The method of transforming the wave is 

hased upon the Doppler principle; the input 
wave is propagated through a guiding me 
dium with which coupling is made by a de 
vice which moves with respect to the me 
dium. The wave thus produced in the coll 
pling device may be transmitted by usual 
methods to any desired station, there propa 
gated through a second guiding medium and 
by a second moving coupling device trans 
formed to its original state. The input wave 
is divided by the mechanism into portions 
of equal duration. By employing the Dop 
pler principle, motion of the coupling device 
in the direction of propagation of the input 
wave, at a velocity less than that of the in 
put wave, will increase the duration in the coupling device of a given portion. The 
portion, the duration of which has been 
thus increased, is said to be expanded, and 
to an amount denoted by the ratio of the 
duration of the portion in the coupling de 
vice to its duration in the guiding medium. 
This ratio is called the degree of expansion. 
Similarly, motion of coupling device con 
trary to the direction of propagation of the 
input wave will shorten the duration of a 
portion in the coupling device, or compress 
it to an amount denoted by the degree of 
compression, or ratio of the duration of a 
portion in the guiding medium to its dura 
tion in the output of the coupling device. 
If the wave is periodic, expansion results in 
reducing the frequency, and compression re 
sults in increasing the frequency, of the in 
put wave. 
More specifically, the invention contem 

plates compressing portions of a wave each 
to 1/nth its duration and repeating each 
compressed portion in times. Where the 
system involves modulation the compression 
may take place either before or after modu 
lation. The compressed wave is then trans. 
mitted by wire or radio to a distant station and, by expansion of compressed portions 
and superposition of repetitions (either be 
fore crafter modulation), given its original 

duration. In a radio system this method of 
transmission may be used to reduce the ef 
fect of static by reason of the fact that each portion of the output signal at the receiving 
end will be built up by an n-fold repetition, 
whereas the static impulse will, in general, 
not occur in synchronism with the repeti. 
tions in the compressed wave and so will not 
be built up to an n-fold amplitude. 
The invention also makes possible the si 

multaneous transmission in one channel S. n times the normal frequency band-width) 
of the signals from n channels. The n input 
Waves are compressed portion by portion 
but not repeated and the compressed portions 
are so arranged in the single resulting com 
pressed wave that there is one compressed 
portion from each signal in each sequence of 
in col)) pressed portions. This multiplex com 
pressed wave is transmitted to a distant sta 
tion and there expanded in such a way that 
the 7 different signals are separated and 
taken up by n different channels. Such a 
method of transmission offers a frequency 
saving over those systems using in channels 
of normal width in that it eliminates the 
bands which are necessary in those systems 
to separate the channels. 
The invention also provides means for 

attaining secrecy in transmission. The in 
put wave is divided into portions, without 
compression or expansion, but with each 
portion reversed with respect to time. This 
transformed wave consisting of successive 
reversed portions is transmitted to a distant 
station and there reversed again, portion by 
portion, reproducing the time relations of 
the input wave. Furthermore, in the method 
of compressed, repeated transmission each 
compressed portion may be reversed with re 
spect to time at the transmitting station and 
so expanded and reversed at the receiving 
station as to reproduce the time relations of 
the input wave, combining the advantages of 
reversion with those of reducing the effect of 
static. 
The invention may be more fully under 

stood from the following detailed descrip 
tion thereof when read in connection with 
the accompanying drawings. Figure 1 is a 
simplified diagram showing how the wave 
compressor and the wave expander are ar 
ranged and combined to cooperate with each 
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other in a signaling system; Fig. 2 is a chart versely as the frequency of a simple periodic 
illustrating the states of the wave between 
the transformations in the apparatus of Fig. 
1; Fig. 3 is a diagram showing in some de 
tail the apparatus used either in connection 
with a wave compressor or with a wave ex 
pander; Fig. 4 is a simplified diagram show 
ing how the apparatus of Fig. 3 may be ap 
plied as a wave compressor at the transmit 
ting station of a radio system; Fig. 5 is a 
similar diagram showing how the appara 
tus of Fig. 4 may be applied as a wave ex 
pander at the receiving end of a radio sys 
tem; Fig. 6. shows how apparatus similar 
to that of Fig. 4 may be applied to the simul 
taneous transmission in one channel of in 
put waves from several channels and Fig. 7 
shows the apparatus of Fig. 4 used to receive 
the compressed wave transmitted from the apparatus of Fig. 6. 

It is neither practicable nor desirable to 
transform more than a short portion of a 
wave as a unit. Compression of a portion 
of a wave corresponding to a complete mes 
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sage or even a complete sentence would re 
quire an inconveniently long guiding medi 
um. It is desirable, furthermore, in two 
way communication, that one station bc alble 
to interrupt the other at any instant, with 
out waiting for the completion of the mes 
sage or sentence started. To secure repeti 
tions means must be provided for the cou 
pler to move a given distance back along 
the guiding medium in a minimum of time. 
Both these requirements, i. e., division of 
the input wave into short portions and ap 
paratus permitting the coupling device to 
move back over a given distance along the 
guiding medium with sufficient quickness, 
are met most easily by using a guiding me 
dium which is circular in shape with a cou 
pling device rotating about the center of the 
circle, the gap between the points where the 
wave enters and where it leaves the circle 
being made very small. 
The degree of expansion or compression 

is given directly by the fundamental expres 
sion for the Doppler principle (Barton, 
“Sound', p. 97). In Fig. 1, the incomplete 
circles represent the guiding mediums: an 
artificial line in the case of electromagnetic 
waves, or an air tube for sound waves. The 
wave enters at A and leaves at B, where 
there is a suitable termination to avoid re 
flection. Mounted on an arm which rotates 
about the center of the circle is a coupling 
device, C, which is excited by the wave in 
the artificial line. If the wave and the arm 
travel around the circle in T seconds and t 
seconds, respectively, the ratio of their ve 
locities, Et/T, has the positive or the nega 
tive sign if the velocities are in the same or 
the opposite directions, respectively. Sub 
stituting in the equation cited, and noting 
that a wave portion will be transformed in 

wave, we have 

(1) 
where P is the duration of a wave portion, 
and P the duration of the corresponding 
transformed portion. 

Examination of Ecation (1) shows that, 
depending on the ratio T/t, the input wave 
is transformed in one of seven ways, which 
considering only cases in which P/P' is an 
integer or the reciprocal of an integer, are 
as follows: - 

(1) For T/l <O, the input wave is com 
pressed and repeated by portions completely. 

(2) For T/t=O, the input wave suffers 
no change in time relations. 

(3) For O<TAt < 1, the input wave is ex 
panded by portions, with certain portions 
onaitted. 

7 

80 

(4) For TAt = 1, there is no resulting 
wave in the coupler. 

(5) For 1 <T/f(2, the input wave is ex 
panded by portions, with certain portions 
onnitted, but with the expanded portions re 
versed with respect to time. 

(6) For T/t-2, the input wave is re 
versed by portions completely, but without 
change in the duration of a portion. 

(7) For T/i>2, the input wave is com 
pressed and repeated by portions complete 
ly, with each compressed portion reversed 
with respect to time. 
The words compression and expansion, 

unless specifically qualified, will be taken 
hereinafter to refer to Cases (1) and (3) 
respectively, that is, to transformation with 
out reversion. Cases (1) and (3) will be 
considered in detail, information concerning 
the other cases can be derived by analogous 
considerations. 
For compression, Case (1), the ratio of the 

velocities of the copler and the input wave 
is negative: therefore, using subscript 6 to 
denote compression, the degree of compres 
SO 1S 

P t + T 
n = P,--- or te (2) 

Suppose that, beginning at any instant 
when the coupler, C, is vertical, the input 
wave is divided into portions t, seconds long. 
By Equation (2) the arm makes contact with 
in such portions each revolution, and also hy 
Equation (2) the artificial line is of such 
length as to contain (n-1) portions. Con 
fining our attention to the case where n is an 
integer, a given portion passes completely 
through the artificial line in n revolutions. 
It is consequently repeated in compressed 
form n times, the first appearance occurring 
while the portion is in the first nth of the 
artificial line, the second in the second nth, 
and so on. At an instant when the arm is 

T = (n-1)t. 
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vertical it has just made contact for the first 
time with a certain portion. Since the arti 
ficial line contains (n-1) portions, the first 
of which is the portion in question, the cou 
pler must make contact with (n-2) inter 
vening portions between each repetition in 
the compressed wave; therefore repetition 
of identical points occurs at intervals of 
f(n-1)/n seconds. 
For example, referring to Fig. 2, if, be 

ginning at any instant when the coupling 
arm is vertical, the order of portions in the 
input wave be denoted by letters as in row 
(1), then for n = 4 the order of compressed 
portions in the compressed wave is that 
shown in row (2), the subscripts denoting 
the order of appearance of repetitions. 

For expansion, Case (3). the velocity of 
the coupler is positive, that is, the coupler 
moves in the direction of propagation of the 
wave. Using subscript e to denote expan 
sion, to attain a degree of expansion in the 
velocities must be such that 

- 1 te or T. = t. e t-T. (3) , Fre P 

Suppose that beginning at any instant 
when the coupler is vertical the input wave 
is divided into portions (t-Te) seconds 
long. By Equation (3) n such portions 
enter the artificial line during each revolu 
tion, also by Equation (3) the artificial line 
is of such length as to contain (n-1) such 
portions. The (n-1) portions in the arti 
ficial line at the beginning of a revolution 
of the coupler are omitted since the coupler 
moves more slowly than the wave, and one 
portion (t-T) seconds long entering the 
artificial line as the revolution begins is 
expanded during each revolution. However, 
if n equally spaced coupling arms are used, 
the entire wave will be expanded once and 
only once, since the arms follow each other 
by (ti-Te) seconds. Successive portions of 
the input wave are expanded by successive 
3.S. 

IFor example, referring to Fig. 2, if, be 
ginning at any instant when coupling arm 1 
is vertical, the order of portions (is-T) 
seconds long entering the artificial line be 
denoted by letters as in row (2) then for 
n = 4 the order of portions expanded by the 
four coupling arms, is shown by rows (4) 
to (7), inclusive. An input wave which has been compressed 
and repeated in the manner described for 
Case (i) is transformed to its original time 
relations by means of expansion in the man 
ner described for Case (3), subject to the re 
quirements that the degree of expansion 
equal the degree of compression, the length 
of the portion (t,T) seconds long which 
is expanded equal the length i?n seconds of 
a compressed portion, the length of the por 

3 
tion T. seconds long which is omitted by the 
expander equal the length (n-1) to seconds 
of the (n-1) compressed portions which 
appear in the compressed wave between the 
compressed portions, corresponding to suc 
cessive portions of the input wave, and the 
coupling arms of the expander commence a 
revolution at the instant a compressed por 
tion begins to enter the artificial line of the 
expander. By means of Equations (2) and 
(3) the first three requirements become: 

t= t, and T = T. (4) 
Or, the coupling arms of the expander re 
volve at the same rate as the coupling arm 
of the compressor, and the wave is prop 

- agated through the artificial line of the ex 
pander n times as rapidly as through the 
artificial line of the compressor. 

If n equally spaced coupling arms are 
used in the expansion of a compressed re 
peated wave each one will reproduce the 
original input wave, since the length of the 
portion omitted by each coupling arm of 
the expander has been made equal to the 
length of the compressed portions between 
the same appearances of successive portions. 
The outputs of the various arms will not, 
however, be in synchronism, for repetitions 
of the same point of the wave appear at 
intervals of t, (n-1)/n seconds. In order 
to superpose the outputs, each must be re 
tarded sufficiently to synchronize with that 
from the arm which expands last appear 
ances of portions in the compressed Wave. 
Calling this arm number 1 and numbering 
the arms in the order in which they follow 
this arm, the output from the kth arm limust 
be retarded t (i-1) (n-1)/n, or (k-1) 
T/n, seconds. 

Detailed consideration of a special case 
will make these relations clear. Fig. 1 shows 
a system using a wave compressor and a Wave 
expander for the case in which n=4. The 
compressor arm carrying the coupler, C, re 
volves in the direction opposite that of the 
propogation of the wave and in to seconds. 
The wave travels from A to B in 8te seconds, 
where it is dissipated in a non-reflecting ter 
mination. The expander has four arms a 
quarter revolution apart which rotate to 
gother in the direction of the wave in to se?:- 
onds. The wave passes through the expand 
er in 8t/4 seconds. The first coupling 
arm is connected directly to the output cir 
cuit, the second to the output circuit through 
a retarding line or network producing a de 
lay of 3i, /4 seconds, the third through, in 
effect, two such retarding lines, so that the 
delay is 3i, /2 seconds, and the fourth through three retarding lines producing a 
delay of 9t/4 seconds. 
The chart of Fig. 2 illustrates the succes 

sive states of an input wave between the Va 
rious transformations. Each low of the 
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chart is divided into time intervals of the 
same magnitude, but, unless otherwise noted, 
each row has a different origin of time. 
Row (1) shows the division of the input 
wave, beginning at an instant when the com pressor arm is vertical, into portions each to 
seconds long, the portions in order being 
denoted by the letters A, B, C, D,-etc. 
Row (2) shows the order and relative dura O 

the input wave, for example, D, is re 

5 

tion of compressed portions in the com 
pressed repeated wave. Each portion of 
in compressed form four times, the order of appearance of repetitions being denoted by 
the subscripts 1, 2, 3 and 4. Successive rep 
etitions of the same compressed portion 
are separated by two other compressed por 
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tions; therefore repetitions of the same point 
of the input wave, the beginning of portion 
D, for example, occur at intervals of 3t/4 seconds. 
The compressed, repeated wave shown in 
OW () is transmitted to the receiving sta 

tion, where it enters the artificial line of the expander. The rótation of the coupling 
arms of the expander is so arranged that an 
arm is in the vertical position at the instant 
a compressed portion reaches point A of 
the artificial line. Row (3) of the chart 
shows the order in which the compressed portions are individually picked up by the 
several arms of the expander. Arm 1 picks 
up last appearances in the compressed, re 
peated wave of successive portions of the in 
put wave; arms 2, 3 and 4 pick up third, 
second and first appearances, respectively. 
Each arm accordingly produces a wave hav 
ing the time relations of the input wave. 
The waves in the several arms are not syn 
chronous, as shown in rows (4), (5), (6) 
and (7) of the chart, which are drawn with 
a common origin of time. The effect of the 
associated retarding lines, however, is to re 
tard the waves produced by arms 2, 3 and 
4 until they synchronize with the wave pro 
duced by arm 1, as shown in rows (8), (9), 
(10) and (11), which have a common origin of time. These synchronous reproductions 
of the input wave are then superposed to 
form the output wave. 
If the reception of a momentary static im 

pulse should occur during the reception of 
compressed portion D, for instance, the dis 
torting effect of the static impulse will only 
appear as a distortion of D, in row (10) 
of the chart, consequently in only one of the 
four-fold repetitions from which the output 
wave is built up. The ratio of the magni 
tude of the static effect to the total signal 60 (D,--D+D+D.) is accordingly reduced 
to 1/4; this reduction increases with the de gree of compression used. 

It is to be noticed that in expanding a compressed, repeated wave two operations 
must be performed before the expanded rep 

peated 

1,071,143 

etitions are superposed: an expansion and 
a retardation. The case discussed assumes 
this order; the retardation may, however, be accomplished before the expansion. This 
is done by using an artificial line in the ex 
pander which has the same time of trans 
mission as that of the compressor, and ro 
tating the coupler arms at /nth the rate of 
the compressor arm. The outputs of the ex 
pander arms may then be superposed at once 
to form the output wave. 

It has been pointed out that the successive repetitions of portions in a compressed wave 
are made in successive arcs 2n/n of the ar tificial line of the compressor. If each are 
21/n of the artificial line be assigned, each. 
with proper termination, to n different chan 
nels of input wave, the compressed wave 
will consist of sequences of n compressed 
portions, each one from a different channel. 
Each portion of each input wave will be 
compressed and appear once in the com 
pressed wave. If each of the input waves 
occupies a frequency band of a certain width, 
the compressed wave, carrying all in signals, 
will occupy a channel n times as wide. If 
such a wave be received by an expander of 

O 

s 

the type illustrated in Fig. 1, each of the n 
arms will reproduce one of the input waves, 
since the portion expanded is exactly the 
length of a compressed portion and the por 
tion omitted is exactly the length of the 
(n-1) compressed portions belonging to 
other input waves. E. arm may then be 
connected to the circuit of a different out 
going channel. 
By considerations similar to the foregoing 

it can be shown that an input wave trans 
formed in the manner of Case (7) of Equa 
tion (1), i.e., compressed and repeated by 
portions, with each portion reversed with 
respect to time, may be given its original 
time relations by means of a transformation 
in the manner of Case (5). 
As in the case of unreversed compression 

and expansion, the expander is provided 
with n equally spaced coupling arms each 
of which produces a wave having the time 
relations of the input wave. The waves 
from the coupling arms may be superposed, 
after suitable retardations, to form an out 
put wave having the time relations of the input wave. 
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Apparatus to accomplish a transformation 
in the manner of Case (6) is similar to the 
compressor shown in Fig. (1), except that 
the coupling arm moves in the direction of 
propagation of the input wave around the 
artificial line. If the coupler revolves in t, 
seconds the artificial line must be such that 
the input wave travels around it in 2t, sec 
onds. Beginning at an instant when the 
coupler is vertical, the input wave is divided 
into portions t, seconds long and each por 
tion reversed with respect to time, but with 
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out change in the duration of a portion, section, given by the theory of artificial 
The resulting reversed wave is transmitted 
to the receiving station where by means of 
apparatus identical with the reversing appa 
ratus the reversed wave is given the time re 
lations of the input wave. Such transmit 
ting and receiving apparatus can be used to 
attain secrecy in transmission. In any system, involving wave compres 
sion followed by expansion, there will be 
distortion of the signal if the coupling arms 
vary in speed. This distortion takes the 
form of over or under compression accoln 
panied by more than in repetitions or less. 
than in repetitions, respectively, of certain 
fractions of each portion, or too much or too little expansion accompanied by repetitions 
or onlissions, respectively, of certain frac 
tions of each portion. Sufficiently strict syn 
chronism of the compressor and expander 
arms, both with regard to each other and 
with regard to the artificial lines, may be at 
tained by well known methods. Another 
type of distortion will arise if an expanding 
arm is not commencing a revolution at the 
instant a colnpressed portion of signal is en 
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tering the artificial line. This type of dis 
tortion may be avoided by nounting the ar 
tificial line so that it may be turned around 
its center, the correct position to be found 
by monitoring either on the signal or a con 
trol signal. Precise equations are not given 
concerning the effect of attenuation, since 
the method of coln.pensating for it depends 
on the type of line and the type of coupling 
employed. In general, attenuation in the ar 
tificial line can be compensated for in the 
compressor by a coupling which decreases 
exponentially as the arm goes from B to A 
of Fig. 1; and in the expander by coupling 
which increases similarly from A to B. If 
no compensation were provided, and a sim 
ple periodic wave entered the compressor 
artificial line (Fig. 1), the amplitude of the 
compressed, repeated wave would increase 
exponentially during the time of each revo 
lution of the coupling arm. 

It is apparent that apparatus to accom 
plish the wave transformations described 
can be constructed in a variety of ways. To 
cite only three examples, sound waves may 
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be transformed directly by using a micro 
phone which rotates in a circular air tube; 
a telegraphone provided with a moving mag 
net may be used to transform electromag 
netic waves; or electromagnetic waves may 
be transformed by direct coupling. 

Details are given here only for one method 
of accomplishing the last named result. The 
guiding medium used is an artificial line of 
the ladder type shown in Fig. 3, with series 
inductance, I, shunt capacity, C, terminated 
in mid-shunt by its iterative impedance, K. 
Such an artificial line acts as a low-pass. 

filter. From the time of propagation per 

lines, and the total time of propagation 
needed, which is fixed by the degree of com 
pression used and the rate of revolution 
chosen for the coupling arm, the number of 
sections needed for the compressor is: 

R (n-1)pte 
N-2 in if) (5) 

where p/2r and pe/2ar are the frequency of 
the input wave and the cutoff frequency of 
the artificial line, respectively. 

Equation (), shows that the various fre 
quencies of a band will not be compressed 
unifornly, the higher frequencies being 
compressed by a greater amount than 
the lower ones. Distortion from this cause 
lmay be reduced to a negligible amount by 
choosing the cutoff frequency sufficiently 
high in comparison with the highest fre 
quency it is desired to reproduce. The ex 
pression for the anti-sine may then be re 
placed by the first term of its series, and, to 
a degree of accuracy discussed below: 

(6) 

The expander arms, by previous theory, 
rotate at the same rate as the compressor 
arh). The cutoff frequency of the expander 
artificial line must be in times that of the 
compressor, and its time of propagation must 
be 1/nth that of the compressor artificial 
line. Using the same approximation for 
anti-sine as in deriving (6), then, the num 
ber of sections of artificial line needed for 
the expander is the same as for the com 
pressor. w 

The suitable minimum value for the cut 
off frequencies may be found by retaining 
the second term in the series for anti-sine 
and calculating the change in frequency Af 
due to the complete transformation of com 
pression followed by expansion. Dropping 
terms involving higher powers than the 
square of f/f. 

-- (n-1) Af= Yf (7) 67, s 

where f is any frequency and f, the cutoff 
frequency of the compressor. The effect of 
the complete transformation is a decrease in 
all the frequencies. If a variation of 20 
cycles at a frequency of 2000 be taken as the 
maximum permissible, for n=3 the cutoff 
frequency of the compressor must be ap 
proximately 9500 cycles, that of the expand 
er 28,500 cycles. 
With the cutoff frequencies fixed by (7) 

and the iterative impedance determined by 
the apparatus to which the artificial lines are 
connected, the values of the inductances and capacities required may be computed by 
well-known formulae. - 
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The retarding lines for the expander arms 
Cl E. be made up of lengths of 
the type of artificial line used for compres 
sion. Each length must have N/n sections. 

Formula (6) shows the number of sections with which coupling is made each second. 
This number is large. For instance, if n=3 
it is approximately 60,000. The values of 
N and it, depend, therefore, on a compromise 
between the cost of building a large number 
of sections and that of constructing a suit 
able high-speed coupling device. In the 
case cited, if 500 sections are used, the arm 
must run at 7200 revolutions per minute. 

Because of the high speeds involved, cou 
pling by direct contact is impracticable. An 
electrostatic method is shown in Fig. 3. Metal plates, a connected directly to junc 
tion points of the artificial line, are sunk in 
the face of a stationary wheel, b, and insu 
lated from one another. Coaxial with b, 
and as near it as possible is a rotating wheel, 
c, which carries an insulated plate, (l, for compressing, or n equally spaced insulated 
plates for expanding. The plate d is large 
enough to cover one or several, as may be 
best, of the plates a. From druns a con 
ductor, e, to amplifiers, etc. There is some 
coupling between d and all the plates, a, but 
coupling is a maximum with the plates di 
rectly opposite d. It is desirable to keep 
the coupling so low as to have a negligible 
reaction on the wave in the artificial line. 
Calculation shows that the coupling between 
adjacent artificial line plates, a, can be neglected. 

Figs, 4 and 5 illustrate how the compres 
sor and expander may be applied to the 
transmitting and receiving stations respec 
tively of a system of radio intercommunica 
tion. The particular case illustrated in 
Figs. 4 and 5 involves a degree of compres 
sion n = 3. In Fig. 4, 10 designates a tele 
phone transmitter which is connected to an 
artificial line, 11, of the type illustrated in 
Fig. 3, said line has connections from its 
various sections to the plates (not illus 
trated) of the stationary wheel, b. d is the 
revolving plate of the coupler and is con 
nected by a conductor, 12, to the radio trans 
mitter apparatus, 13, comprising the usual 
amplifier modulator, etc. The upper termi 
nal of the artificial line, 11, is also connected 
to the radio transmitter and the transmitter 
is associated with a radiating antenna, 14, in a well-known manner. 
In Fig. 5, 15 designates a receiving an 

tenna having associated therewith the usual radio receiving apparatus comprising a de 
modulator, etc. One terminal of the radio 
receiving. apparatus is connected to the up 
per terminal of the artificial line, 16, said 
artificial line being of the type illustrated 
in Fig. 3. Connections are made from the 
various sections of the artificial line to the 
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plates (not shown) of a stationary wheel, b/, of the type shown in Fig. 3. The expander 
is provided with three equally Spaced re 
volving plates d, d, and d, each being simi 
lar to the plated of Fig. 3. The plated 
is connected directly to the lower terminal of an outgoing telephone line or an amplifier 
in said line. The second plate, d, is con 
nected to the lower input terminal of a re tarding line, L, said retarding line being 
of the same general type as the artificial line 
illustrated in Fig. 3 and said line being so 
designed as to produce the necessary retarda 
tion of the wave transmitted from the plate 
d. The plate d, is connected to the lower 
input terminal of a similar retarding line, 
L., which is connected in series with the re 
tarding line I, so that the wave components 
picked up by the plate d, will be retarded 
twice as much as those picked up by the 
plate d. A terminating impedance, K, is 
connected across the input terminals of re 
tarding line, L, the upper one of which is 
connected directly to the upper terminal of 
the terminating impedance, K, of the arti 
ficial line 16. The operation will be appa 
rent from the theoretical discussion already given. 

Figs. 6 and 7 show the application of the 
compressor and expander to a multiplex 
system of inter-communication. The par 
ticular case illustrated also involves a de 
gree of compression - 3 and permits the 
simultaneous transmission of waves from 
three channels in one channel three times 
the normal frequency width and provides 
means for their separation at the receiving 
end. Fig. 6 shows the compressing appara 
tus, The three incoming channels, desig 
nated as lines A, B and C are connected 
to artificial lines A, B and C, respectively. 
Each of these artificial lines is of the general 
type shown in Fig. 3 and each is terminated 
in its iterative impedance, K. The section 
points of each line are connected to the 
plates (not illustrated) of the stationary 
wheel, b, in such a way that the wave 
in each artificial line travels along a third 
of the circumference of b. d is the revolv 
ing plate of the coupler, moving in a di 
rection opposite that of the waves. d is con 
nected to an amplifier which in turn actuates 
radio transmitting apparatus or a telephone 
line in the usual manner. The upper ter 
minals of the artificial lines and the ampli 
fier are connected in series. 

In Fig. 7 is shown the expander to be 
used at the receiving end with the output 
of the compressor in Fig. 6. It is essen 
tially the same as the apparatus shown in 
Fig. 5, except that no retarding networks 
are needed and the output from each arm is 
connected to the lower terminals of ampli 
fiel's associated with channels A, B and C, 
respectively. The upper terminals of these 
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amplifiers are connected to the upper ter 
minal of the terminating impedance, K. 
The operation of this system is evident from 
the discussion previously given. 
Systems of intercommunication involving 

reversion by portions of the transmitted 
wave need not be shown in detail, since the 
method of construction of the apparatus and 

- the inter-relations between the transmitting 
0. 

s 

35 

and the receiving elements are apparent from 
the principles and apparatus heretofore de 
scribed. 

It will be obvious that the general prin 
ciples herein disclosed may be embodied in 
many other organizations widely different 
from those illustrated without departing 
from the spirit and scope of the invention 
as defined in the appended claims. 
What is claimed is: 
1. The method of wave transmission which 

consists in progressively producing upon suc 
cessive elements of a transmission medium 
effects corresponding to the progressive vari 
ation of a wave with time so that the wave 
is in effect propagated from element to ele 
ment along the medium, producing in a con 
ductor a wave having variations correspond 
ing to said successive effects, and moving 
said conductor with respect to said medium 
during the propagation of a wave along the 
medium to change the time relations of the 
variations of the produced wave as com 
pared with the time relations of the corre 
sponding variations of the original wave. 

2. The method of wave transmission which 
consists in transmitting a wave through an 
artificial line, producing in a conductor a 
wave having variations corresponding to 
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the successive effects in the sections of said 
artificial line, and moving said conductor 
with respect to the elements of said artificial 
line to change the time relations of the 
variations of the produced wave as compared 
with the time relations of the corresponding 
variations of the original wave. 

3. The method of compressing a wave 
which consists in progressively producing 
upon successive elements of a transmission 
medium effects corresponding to the progres 
sive variations of the wave with time so 
that the wave is in effect propagated from 
element to element. along the medium, pro 
ducing in a conductor a wave having varia 
tions corresponding to said successive effects, 
and moving said conductor with respect to 
said medium in a direction opposite to that 
in which the wave is being propagated along 
said medium, thereby reducing the time re 
lations of the variations of the produced 
wave as compared with the time relations of 
the corresponding variations of the original 
Wave. 

4. The method of compressing a wave 
which consists in propagating a wave from 
section to 'section of an artificial line, pro 
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ducing in a conductor a wave having 
variations corresponding to the variations 
in the wave propagated along the arti 
ficial line, and moving said conductor with 
respect to said artificial line in a direction 
opposite to the direction of propagation over 
the line, thereby reducing the time relations 
of the variations of the produced wave as 
compared with the time relations of the cor 
responding variations of the original wave. 

5. The method of increasing the frequency 
of a wave which consists in progressively 
producing upon successive elements of a transmitting medium effects corresponding 
to the progressive variations of the wave 
with time so that the wave is in effect propa 
gated from element to element along the 
medium, producing in a conductor a wave 
having variations corresponding to said suc 
cessive effects, and moving said conductor 
with respect to said medium in a direction 
opposite to that in which the wave is propa 
gated over the medium, thereby increasing 
the frequency at which succeeding elements 
of the wave follow each other as compared 
with the frequency at which similar ele 
ments of the original wave recur. 

6. The method of increasing the frequency 
of a wave which consists in propagating said 
wave from section to section of an artificial 
line to produce in each section effects cor 
responding to the progressive variations of 
the Wave with time, producing in a condue 
tor a wave having variations corresponding 
to said successive effects, and moving said 
conductor with respect to said artificial line 
in a direction opposite to that in which the 
Wave is propagated along said artificial line, 
thereby increasing the frequency at which 
succeeding elements of the wave follow each 
other as compared with the frequency at 
which similar elements of the original wave 
'eC. 

7. The method of expanding a wave which 
consists in progressively producing upon 
Successive elements of a transmitting medi um effects corresponding to the progressive 
variations of the wave with time so that the 
Wave is in effect propagated from element to 
element along the medium, producing in a 
conductor a wave having variations corre 
sponding to Said successive effects, and mov 
ing said conductor with respect to said medi 
lm in the same direction as the direction of 
propagation of the wave along said medium 
and at a rate slower than the rate of propa 
gation of the wave along the medium, thera 
by increasing the time relations of the varia 
tions of the produced wave as compared with 
the time relations of the corresponding vari 
lations of the original wave. 

8. The method of expanding a wave 
which consists in propagating said wave 
from section to section of an artificial line 
to produce effects in each section correspondi. 
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ing to the progressive variations of the wave 
with time, producing in a conductor a Wave 
having variations corresponding to said suc 
cessive effects, and moving said conductor 
with respect to said artificial line in the 
same direction as the direction of propagal 
tion of the wave over said line and at a rate 
slower than the rate of propagation over 
said line, thereby increasing the time rela 
tions of the variations of the produced Wave 
as compared with the time relations of the corresponding variations of the original 
WaWe. 

9. The method of decreasing the fre 
quency of a wave which consists in progres 
sively producing upon successive elements 
of the transmitting medium effects corre 
sponding to the progressive variations of 
the wave with time so that the Wave is in 
effect propagated from element to element 
along the medium, producing in a conduc 
tor a wave having variations corresponding 
to said successive effects, and moving said 
conductor along said medium in the same 
direction as the direction of propagation of 
the wave along said medium and at a rate 
slower than the rate of propagation along 
said medium, thereby decreasing the fre 
quency at which succeeding elements of the 
wave follow each other as compared with 
tle frequency at which similar elements of 
the original wave recur. 

10. The method of decreasing the fre 
(tiency of a wave which consists in propa 
gating said W: we from section to section of 
an artificial line to produce effects in each 
$'ection corresponding to the inrogressive 
variations of the wave with time, producing 
in a conductor a wave having variations cor 
responding to said successive effects, and 
moving said conductor along sail artificial 
line in the same direction as the direction of 
propagation of the wave along said line and 
at a rate slower than the rate of propagation 
of said wave over said line, thereby decreas 
ing the frequency at which succeeding ele 
ments of the wave follow each other as com 
pared with the frequency at which similar 
elements of the original wave recur. 

11. The method of wave transmission 
which consists in coln pressing a wave by 'lic 
cessive portions each to a fraction of its 
original length, and repeating each com 
pressed portion a number of times equal to 
the ratio of the original length of the wave to its compressed length. 

12. The method of wave transmission 
which consists in compressing a wave by 
successive portions each to a fraction of its 
original length and repeating each com 
pressed portion at separated intervals a 
humber of times corresponding to the ratio 
of the original length of the wave to its 
compressed length, the intervals between successive repetitions of a given portion of 
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the wave being sufficiently great to enable 
other compressed portions to be repeated 
during said intervals. o 

13. The method of wave transmission 
which consists in increasing the frequency 
of successive portions of a wave, portion by 
portion, and repeating each portion at an 
increa?ed frequency a number of times cor 
responding to the ratio of its increased fre 
quency to its original frequency. . 

14. The method of wave transmission 
which consists in increasing the frequency 
of successive portions of a wave, portion by 
portion, and repeating each portion at an 
increased frequency during separated inter 
vals a number of times corresponding to the 
ratio of the increased frequency of the wave 
to its original frequency, the separation be 
tween successive repetitions of a given wave 
portion being sufficiently great to permit of 
the repetition of other portions of the wave 
during said intervals. 

15. The method of wave transmission 
which consists in compressing a wave by 
successive portions to a fraction of its orig 
inal length, repeating each compressed por 
tion a number of times equal to the ratio of 
the original length of the wave to its con 
pressed length, transmitting the wave thus 
translated, and expanding each compressed 
portion to its original form. 

16. The method of wave transmission 
which consists in compressing a wave by 
successive portions to a fraction of its orig 
inal length, repeating each compressed por 
tion a number of times equal to the ratio of 
the original length of the wave to its com 
pressed length, transmitting the wave as 
thus translated, expanding each compressed 
portion to its original form, and changing 
the time relation of the several expanded 
repeated portions so as to bring the com 
ponents corresponding to the same portion 
into synchronism with each other. 

17. The method of wave transmission 
which consists in increasing the frequency 
of successive portions of a wave, portion by 
portion, repeating each portion at an in 
creased frequency a number of times corre 
sponding to the ratio of its increased fre 
quency to its original frequency, transmit 
ting the portions thus translated, and ex 
panding each portion to its original form. 

18. The method of wave transmission 
which consists in increasing the frequency 
of successive portions of a wave, portion by 
portion, repeating each portion at an in 
creased frequency a number of times corre 
sponding to the ratio of its increased fre 
quency to its original frequency, transmit 
ting the wave portions thus translated, ex 
panding each portion to its original form, 
and changing the time relation of repeated 
components of the same portion so as to 
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bring the several components corresponding 
to the same portion into synchronism with 
each other. 

19. In a signaling system, a transmission 
medium upon the successive elements of which effects may be impressed correspond 
ing to the progressive variation of a wave 
with time so that the wave is in effect propa 
gated from element to element along the 
medium, a conductor inductively related to 
said medium so that variations correspond 
ing to said successive effects may be im 
pressed thereon, and means to move said 
conductor with respect to said medium 
during the propagation of a wave along the 
medium to change the time relations of the 
variations of the produced wave as com 
pared with the time relations of the corre 
sponding variations of the original wave. 

20. In a signaling system, an artificial line 
comprising a succession of sections upon which may be impressed effects correspond 
ing to the progressive variation of a wave 
with time, a conductor inductively related 
to said artificial line so that the successive 
effects in the sections of said artificial line 
may be induced therein, and means to move 
said conductor with respect to the sections 
of Said artificial line to change the time rela 
tions of the variations of the produced wave 
as compared with the time relations of the 
corresponding variations of the original 
Wave. 

21. In a signaling system, a transmission 
medium upon the successive elements of 
which effects may be impressed correspond 
ing to the progressive variation of a wave 
with time so that the wave is in effect prop agated from element to element along the 
medium, a conductor inductively related to 
said medium so that variations correspond 
ing to said successive effects may be im 
pressed thereon, and means for moving said 
conductor with respect to said medium in a 
direction opposite to that in which the wave 
is being propagated along said medium, 
thereby reducing the time relations of the 
corresponding variations of the original 
Wave. 

22. In a signaling system, an artificial 
line comprising a succession of sections upon which may be impressed effects correspond 
ing to the progressive variation of a wave 
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with time, a conductor inductively related 
to said artificial line so that the successive 
effects in the sections of said artificial line 
may be induced therein, and means to move 
said conductor with respect to said artificial 
line in a direction opposite to the direction 
of propagation over the line, thereby in 
creasing the frequency at which succeeding 
elements of the wave follow each other as 
compared with the frequency at which simi 
lar elements of the original wave recur. 23. In a signaling system, a transmission 

medium upon the successive elements of 
which effects may be impressed correspond 
ing to the progressive variation of a wave 
with time so that the wave is in effect prop 
agated from element to element along the 
medium, a conductor inductively related to 
said medium so that variations correspond 
ing to said successive effects may be im 
pressed thereon, and means for moving said 
conductor with respect to said medium in 
the same direction as the direction of prop 
agation of the wave along said medium 
and at a rate slower than the rate of propa 
gation of the wave along the medium, there 
by increasing the time relations of the val 
riations of the produced wave as compared 
with the time relations of the correspond 
ing variations of the original wave. 

24. In a signaling system, an artificial 
line comprising a succession of sections upon 
which may be impressed effects correspond 
ing to the progressive variation of a wave 
with time, a conductor inductively related 
to said artificial line, so that the successive 
effects in the sections of said artificial line 
may be induced therein, and means to move 
said conductor along said artificial line in 
the same direction as the propagation of 
the wave along said line and at a rate slower 
than the rate of propagation of said wave 
over said line, thereby decreasing the fre 
quency at which succeeding elements of the 
wave follow each other as compared with the 
frequency at which similar elements of the 
original wave recur. 

25. In a signaling system, a wave com 
pressor comprising a transmission medium 
having a high time constant arranged in the 
form of an open circle, means to impress a 
wave upon said transmission medium at one 
terminal, and means to take of the wave at 
the other terminal after propagation over 
the medium, a rotating coupler adapted to 
be continuously rotated along said medium 
in a direction opposite to the direction of 
transmission through said medium, thereby 
producing in the coupler successive wave portions, each corresponding to portions of 
the wave transmitted through said medium, 
each a fraction of the length of the original 
portion, and each portion thus compressed 
being repeated a number of times equal to 
the ratio of the original length of the por 
tion to its compressed length. 

26. In a signaling system, a wave com 
pressor prising an artificial line haying 
a number of sections arranged in the form 
of an open circle, means to impress a wave 
upon said artificial line at one end thereof, 
means at the other end for taking off said 
wave after propagation through said arti 
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lated to said line and adapted to be rotated 
in a direction opposite to the direction of propagation along said line, thereby produc O 
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ing in the coupler successive wave portions, 
each corresponding to portions of the wave 
transmitted through said artificial line, each 
a fraction of the length of the original por 
tion, and each portion thus compressed being 
repeated a number of times equal to the ra 
tio of the original length of the portion to 
its compressed length. 

27. In a signaling system, a wave compres 
sor comprising a transmission medium hav 
ing a high time constant arranged in the form 
of an open circle, means to impress a wave 
upon said transmission medium at one ter 
minal, and means to take off the wave at the 
other terminal after propagation over the 
medium, a rotating coupler adapted to be 
continuously rotated along said medium in 
a direction opposite to the direction of trans 
mission through said medium, thereby pro 
ducing in the coupler successive wave por 
tions, each corresponding to portions of the 
wave transmitted through said medium, 
each a fraction of the length of the original 
portion, each portion thus compressed being 
repeated a number of times equal to the ra 
tio of the original length of the portion to 
its compressed length, means to transmit the 
wave as thus translated, a wave expander, 
said wave expander comprising a transmit 
ting medium having a high time constant 
arranged in the form of an open circle, 
means to impress the translated waves upon 
one end of said medium, means to take off said 
waves from the other end of said medium 
after propagation along said medium, and a 
rotating coupler rotating in synchronism 
with the coupler of said compressor and in 
the same direction as the direction of propa 
gation along the transmitting medium of 
said expander, whereby each compressed 
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portion will be expanded to its original length. 
28. In a signaling system, a wave compres 

sor comprising an artificial line having a 
number of sections arranged in the form of 
an open circle, means to impress a wave upon 
said artificial line at one end thereof, means 
at the other end for taking off said wave 
after propagation through said artificial 
line, a rotating coupler inductively related 
to said line and adapted to be rotated in a 
direction opposite to the direction of propa 
gation along said line, thereby producing 
in the coupler successive wave portions, each 
corresponding to portions of the wave trans 
mitted through said artificial line, each a 
fraction of the length of the original portion, 
each portion thus compressed being repeat 
ed a number of times equal to the ratio of 
the original length of the portion to its 
compressed length, means to transmit the 
wave portions thus translated, a wave ex 
pander comprising an artificial line having a 
plurality of sections arranged in the form 
of an open circle, means to impress the 
translated waves upon one end of said ar 
tificial line, means to take off said waves 
after propagation over said artificial line, a 
rotating coupler associated with said line. 
and adapted to rotate at the same rate of 
speed as the coupler of said compressor and 
in the same direction as the direction of 
propagation along the artificial line of said 
expander whereby each compressed portion 
will be expanded to its original length. 
In testimony whereof, I have signed my 

name to this specification this 22nd day of 
September, 1924. 

GEORGE A. CAMPBELL. 
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