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5 ‘ FREQUENCY CHANGING .
' Robert R. Riesz, Mount Vernon, N. Y., assighor

to Bell Telephone Laboratories, Incorporated,
New York, N. Y., a eerporation of New York

. Application June 30, 1939, Serial No. 282,021

11 Claims.

This invention relates to frequency’ changers
and particularly to frequency changers employ-
ing electrostatic recorders and reproducers.’.

. An object of -the invention is to change the
g frequency range of an alternating current sig-
na.l wave.

- Another object is to effectlvely reduce the
width of the frequency band required for the
oo transmission of an alternating -current signal

10 wave,

A nore specific object is to effecmvely comprees

“the frequency range .of an -alternating-current
signal wave prior to transmitting. it over a sig-

L nahng path, and at a receiving point to expand
18 the received wave to restore it to its original fre-
. ‘quency range.

- .Another object is to electrosta,tlcally récord
signal variations at. a given rate, and -to repro-

- “duce the recorded variations at a different rate.
20 . These cbjects are attained in accordance with
“the invention by the use of -specially.designed
cathode ray electrostatic recording and. repro-

ducing devices at the sending and receiving sta-.

tlons of-a signaling system, for example, a speech

- 28 wave signaling system.  In one embodiment, a-

"cathode ray electrostatic recording and repro-
 ducing device at the sending station-operates to
chop up an alternating current wave representing

- speech or other signals of a periodic character to

30 be-transmitted, into a series-of equal short, ele-

ments on a.time basis the. time interval of chop-.

- ping being equal-to the fundamental period of the
original -signal or an integral multiple or. sitb-
- multiple thereof, to eliminatealternate signal

88 elements of the waves and to stretch out. the re-,

maining elements on a time scale so as to. double

their duration and thus effectively to halve the

total signal frequency range. . The signal wave

. '~so modified is transmitted over a signal transmis-~
40 sion line, and at the receiving station two similar
" cathode ray. devices operate alternately to:re-
“-produce. each of the received signal elements at

. twice the speed at which it is received so that

. “each frequency therein is restored to its original
" 48 value,-the two reproduced portions of: each sig-

nal segment being laid down side by side so that

- there are no silent gaps in the final reproduced
signals,

.. The invention w111 be better understood from

50 the following detailed description’ thereof when

read in conjunction. W1th the accompanymg
“drawings, in which:

. Figs.'1 and 2.show. respectlvely the transm1tt1ng

_and receiving ;stations of a 51gna11ng syst;em em-

58 bodying the invention; and : -

“ring will.be a copy of the 51gna1 waves modula,tmg L

B shows a plan view of the target.

(Cl. 178——44)

Figs. 3 and 4 show respectlvely a dla.gram and
curves illustrating the construction and operatlon
of apparatus shown in Figs. 1 and 2. L

- The cathode tray electrostatic recordmg and
reproducmg devices employed in the system. of g:
the invention may be of the general type disclosed
in the copending patent-application of R.R. Riesz.
and H, S. Wertz, Serial No. 145,442, filed: May29;
1937, - Briefly’ described, .the cathode ray. device
disclosed in that application comprises an evacu- jg:

ated. ‘enclosure divided into two compartments:or.

chambers by.a plate or disc .of insulating mate- .
rial which 1ncludes a number of elements in the '
form of plugs; fine wires or cylinders of a metal=:

lic: conducting . material, insulated from. each 15 -
other, extending fthrough the:disc perpendicular -
to -its plane and-arranged in a circle near the
periphery of the disc, acting as a target for elec-:
tron beams produced by an:electron gun mech-
anism in each chamber moving in a circular.path -gg. -

‘over the respective ends. of the metallic' plugs. . -

The electron beam in:one..chamber, whichis
modulated. by signals to be recorded, in:passage
over: the ends of the plugs .places electrostatic

ccharges thereon which are proportional to the 25

signal - variations,. The" electron Jbeam - in.. the
other chamber, which is arranged to move in'syn-
chronism but in an -out-of-phase . re1at1onsh1p
with the recording beam, by secondary emission .. -
action removes the charges previously placed on' go

the plugs-in the target by the recording beam
‘ _.A conducting ring in the. reproducmg cha,mber
collects the secondary electrons from the target

in-this ‘process, the rate of emission dependmgf‘
upon the charges so that the fuctuation of the g5
secondary emission current in- the conducting

the. recordmg beam.
. The use: of such cathode ray dev1ces to accom-
pl1sh the purposes of the invention requires modi-
fication of the target within each: cathode ray
tube and’ ‘modification of "the control ‘circuits
exterior to the tubes for controlling the deﬂectlon/
of the electron beams within the tubes. .~
_The modification of the target in each cathode’ 45
ra,y ‘device’ ‘and “the recording a,nd reproducing
process in accordance with the present invention -
are illustrated dlagrammatlcally in Fig. 3 which
‘Referring to = -
F1g 3, as in the case of the target ﬂlustrated in 50 -
Figs.” 1 and 2 of the ‘aforementioned ‘copetiding
pa,tent application, the target consists of & circu-
lar plate or disc 13 of insulating material and a
row of plugs or wires 46 of conducting material, -
insulated from each other, extending through g3
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the insulating disc perpendicular to the plane
thereof, spaced around an inner circle (of aver-
age radius r1). In addition, the target 13 in-
cludes an outer ring [ of (metallic) conducting
material of average radius r2, which may be con-
nected to the metal ring 45 surrounding the tar-
get [3, as shown in Fig. 1, and which is separated
from the inner circular row of metal plugs 46 by
the insulating material of the disc 13.

For each cathode ray tube used, the electron
beam deflecting circuits to be described in con-
nection with Figs. 1 and 2, which control the
electron gun mechanism in the recording and
reproducing chambers, are designed to make the
electron beam in either the recording or the
reproducing chamber traverse at a given angular
velocity altenately the circular path ABC of
radius r1 and the circular path DEF of larger
radius r2 on the face of the target in that cham-
ber, and to make the electron beam in the other
chamber of the tube traverse at a different
angular - velocity a circular path of radius 7ri,
equivalent to the circular path ABC, on the
opposite face of the target in the latter cham-
ber, continuously.

In the case where the electron beam in the
recording chamber traverses alternately the cir-
cular paths ABC and DEF on the target, it is
effective during the time intervals only in which
it moves over the path ABC to place electrostatic

.charges on the ends of the plugs 46 in that cham-

ber, to make an electrostatic record of the signal
variations modulating the beam during those
time intervals, but is ineffective to make any
electrostatic record during the alternate equal
time intervals in which it is passing over the
circular path DEF, because it then impinges on
the conducting ring {. Thus the portions of the
signal variations modulating the beam during
these latter time intervals are effectively elimi-
nated. . For that case, the electron beam in the
reproducing chamber continuously traverses the
equivalent circular path ABC over the other ends
of the plugs 46 in the latter chamber, but with
an angular velocity equal to one-half that of the
recording beam, and reproduces the electrostatic
record of signal variations previously placed on
these plugs by the recording beam during the
alternate time intervals in which it passes over
the path ABC, in the manner described in detail
in the aforementioned copending patent applica-
tion. Conversely, when the electron beam in the
recording chamber continuously traverses the
path ABC on the face of the target in that
chamber, it makes a continuous electrostatic
record on ‘the plugs 46 of the signal variations
modulating the recording beam during each
revolution, and the delayed beam in the repro-
ducing chamber alternately traverses the circu-
lar paths ABC and DEF with an angular velocity
which is twice that of the recording beam so that
those signal variations recorded on the plugs 46
are reproduced in alternate revolutions of the
recording beam.

In a preferred embodiment of the signaling
system of the invention illustrated in Figs. 1 and
2, the beam deflecting circuits associated with
the single cathode ray tube 10, employed at the
sending station of Fig. 1, are designed to make
the recording beam alternately traverse the cir-
cular- paths ABC and DEF on one side of the
target in a time of

1

of

2,219,021

second for each revolution, where f is the fun-
damental frequency produced by the controlling
harmonic producing oscillator and is equal to
the fundamental frequency of the signal wave
or an integral submultiple thereof, and to make
the reproducing beam continuously traverse an
equivalent circular path ABC on the reproducing
side of the target in a time of

1

!

second, that is, in twice the time that the record-

ing beam traverses the equivalent path, and the .

beam deflecting circuits associated with each of
the two cdthode ray devices {10 and 210 at the
receiving station of Fig. 2 are designed to make
the recording beam continuously traverse the
circular pathh ABC in a time of

1

i)

second for each révolution and to make the
reproducing beam alternately traverse the equiv-
alent circular path ABC and the path DEF on
the other side of the target in a time of

1

2f
second for each revolution, that is, in one-half
the time taken by the recording beam at the
reproducing end.

Referring to Fig. -1, the eleciron beam deflect-
ing circuits for controlling the electron gun
mechanisms in the recording and reproducing
chambers of the single cathode ray tube 10 in-
clude an oscillator, indicated by the box 3, which
may be of any of the well-known types for pro-
ducing an alternating current sine wave of a
given fundamental frequency f. The output of
the oscillator 3 is connected in parallel to the in-
puts of three control circuits 4, 5 and 6.

The control circuit 4 includes in order full-
wave rectifier 1, the selective circuit 8, a resist-
ance loss pad 9 of fixed value, a phase splitting
network 29 consisting of the condenser 21 and
resistance 22 in series shunting the branch cir-
cuit -4, and two equivalent parallel branch cir-
cuits 4’ and 4’’, respectively connected across
the condenser 2 and the resistance 22 of the
phase splitting network 2§. The branch circuit
4’ comprises in order the buffer amplifier 23 of
high input impedance, the variable loss pad 24,
the resistance loss pad 25 of fixed value, the am-
plifier 26 and the shunt resistance 21 connected
across the output of ampiifier 26, the terminals
of the resistance 27 being connected across one
pair of deflecting plates 58 of the electron -gun
mechanism in the recording chamber Ii of the
cathode ray device 8.  Similarly, the branch cir-
cuit 4’’ comprises in order the buffer amplifier
28, the variable loss pad 28, the resistance loss
pad 30 of fixed value, the amplifier 31 and the
shunt resistance 32 the terminals of which are
connected across the other pair of deflecting
plates 59 of the electron gun mechanism in the
recording chamber {1 of the cathode ray device.

Each of the variable loss pads 24 and 29 con-
sists of four copper-oxide rectifier units con-
nected in a balanced bridge circuit, one diagonal
AB of each bridge circuit being connected across
the branch circuit 4’ or'4’’.

The copper-oxide units in the pads 24, 29 are
so poled that when biasing current from the am-
plifiers 34, 35 is supplied so as to flow from C
to D, the copper-oxide rectifier units provide a
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low loss to current from .the amplifiers 23,.28:
and so permit the transmission. of a.relatively.
large -voltage ‘to the input of the amplifiers: 26;:
31 but.that when biasing current is supplied so.

as toiflow from D to C.the loss provided to.cur-
rent from the amplifiers.23,.28 is.increased .to
a. relatively high value and the.amplitude.of the
voltage transmitted to the input:of the amplifiers

26,-31 is correspondingly decreased. .Due to the.
balance of the copper-oxide bridges, no current.

from the amplifiers:34, 35. will flow in. the branch
circuits 4’; 4’/ provided .the amplitude .of .the
voltage supplied. by the amplifiers:34, 35, is large

. compared with that supplled by the amplifiers 23,

15

20

25

30.

35

b

60

. the wave generated: by -oscillator 3, the voltage-

5

28.
The current for biasing the vanable loss pads

is. supplied . from - the oscillator 3 through the:
control circuif §-including in order the overloaded.
amplifier 33 and the amplifiers 34 and 38 having.
their. inputs connected in series-across the.out-.
‘put of overloaded amplifier 33 and their outputs
“respectively .connected across the.diagonals CD
-of the variable loss pads 24.and 29, in a manner

which:will be described. later. .

The third control circuit 6 connected across the,

output of oscillator $§ comprises in order the

amplifier 36, the phase:shifter 31 and the phase:
splitting  network .38 comprising. the condenser.

39 and the resistance 41 in series,.shunted across
the output of the phase shifter. 37, .the terminals
of the. condenser 39 and the ferminals of the
resistatnce 41 being respectively connected across
the pairs.. 51 and 52 .of ~deflecting plates. of
the electron gun mechanism:in the. reproducing
chamber 12 of the cathode ray device 10.. ... -

_The alternating current signals to be trans.-,

mitted, applied at the “IN” terminals. of the

cathode ray device, 10 are amplified.in amplifier.

42, and- the amplified signals in_ the .output of

- that amplifier are applied through an inpuft cir-
~cuit identical with thait. disclosed.in the: afore-.
mentioned copending patent application, between:

the modulating element 54 and.the .cathode (4
in the recording chamber IlI..of. the;itube, and
modulate the intensity of the recording:electron

beam of, .the tube_ in accordance with the signal.
va;naﬂnon&s in a manner similar to that. described.

in the spemﬁloaitlon of that application,.

“The movement of the recording beam alter-.'
nately over the ends of the plugs 46 in the cir-

cular pa,th ABC and over the oonduct1ng ring

chiin the path DEF on rbhe recordang side of .the

barget i3 in ftube {0, b an . sangular velocdty of
one revolutaon for ea;oh

2f .
second is obtained by applylmg rto «the respeobwe

pairs 58, §9 of deflecting plates in the recording

chamber (1 of the oa;thode ray tube 10 voltage

. waves respectwe«ly, 'suich ‘as ‘shown in the curves
-of Fig. 4(a) and Flg 4(b).

4(a), for
l
%

second, where £ is the fundamental frequency of

wave. applied to’'one pair 58-or §9 of deflecting

plates is a sine wave of:frequency 2f and max1— .

mum amplitude at,’ -and. for bhe next
: 1 .
2f

second the wave is changed to a sihé wave'of the

frequency: 2f and:of g smaller. max_i.mtim' ampli-

As indicated in Fig..

24 and 29,
into resistance’cincuits (resistance pads 25 ‘and
30, respectively), the applied square-topped bias-:

tude as, this cycle being continuously repewted

As shown in Fig. 4(b), a similar voltage wave is

applied to the other pa»ir of deflecting plates 58,

09, but, as indicated, the latter wave is-90 de-

grees out of phase with respect ito the wave ap-
plied to the first pair of deflecting plates.
The required quadrature voltages, applied to

the respective pairs of deflecting plates 58, 59, are

derived from the wave of fundamental frequency
f generated by the oscillator 3 through the
branch circuits 4 and 5 in the following manner.

The sine wave of the fundamental frequency
f from the oscillator 3 passing into the input of

3

10

control circuit 4 is rectified in ithe full wave -

rectifier T and then is transmitted through the
selective network 8 funed to pass the frequency
2f.. The sine wave of the frequency 2f in the

~output of the selective network 8 passes through

the fixed loss resistance pad 9 and is impressed
across the phase splitting network 20 which op-
erates ito split the applied voltage wave into two
portions -of equal amplitude but 90 degrees out
of phase. One of these voltage waves taken off
across the terminals of the condenser 2{ passes
over branch circuit 4’ through a high input im-
pedance buffer amplifier stage 23 and then
through the variable loss pad 24, the fixed loss
resistance pad 25 and amplifier 2§ to the shunt
resistance element 21,.the voltage drop in that
resistance being applied across the pair 58 of
deflecting plates of tube 18. The other portion
of the voltage wave picked off wcross. the ter-
minals of the resistance element 22 of the phase
splitting network 20 passes over branch circuit
4"’ through the high input impedance buffer
amplifier 28, the variable loss pad 29, the resist-
ance loss pad 30 and amplifier 31 to shunt re-
sistance 32 producing a voltage drop therein of
the same magnitude as the voltage drop :pro-
duced by the other pontion of the waves in the
shunt resistance 27 but 90 degrees out of phase

15

20

25

30

85

40.

therewith, which voltage is applied to the other

pair 89 of deflecting plates in the recording cham-~
ber of the cathode ray tube.

The change in the amplitudes of the voltages
applied to the two pairs of deflecting plates in
the recording chamber of the tube from a rela-
tively high value a: to a lower value az during
successive time intervals of

l .
o
second, as indicated by the curves of Fig. 4(a)

and Fig. 4(b). is obtained by means of the vari-
able loss pads 24 and 29 in the respective branch

circuits &’ and 4’ under tcontrol of the control

circuit 5 in the following manner:

The sine wave of fundamental frequency f.

passing into the circuit § from the output of
oscillator 3 is impressed Uupon the overloaded am-
plifier 33 which operates to.change the wave into
a square-topped wave. of the same fundamental
frequency, such as shown in Fig. 4(¢). -Alterna-
tive types of overloaded amplifiers which may be
used for this purpose are disclosed in Figs. 1 and
2 of Mea,cham Patemt 2, 022 969, issued December
3,1935. . .

The resulting square-topped wave -is supphed‘
through the pair of amplifiers 34 and 35 to the
respective diagonals CD of the modulator bridges
respectively. . As these bridges work

ing waves- operate’ cyclically to reverse the di-

rection ‘of the:biasing current through the cop-’
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per-oxide rectifiers in these bridge circuits so as
to change the loss provided thereby in the branch
circuits 4’, 4*’, between high and low values so
that the amplitudes: of ithe wcurrents 90 degrees
out of phase passing to the amplifiers 26 and 31
in branch circuits 4° and &’’, respectively, change
every cycle between the values a1 and a2-as shown
in the curves of Fig. 4(a) and Fig. 4(b).  The
particular phase at which the change in ampli-
tude takes place determines the point on the cir-
cumference of the: circular path ABC traced by
the recording electron beam at which the ra-
dius: changes from 71 to re, as indicated: in Fig.
3. - To obtain the required operation of the mod-
ulators 24 and 29 it is necessary that the am-
plitude of the voltages applied across the diag-
onal AB thereof from: the output of the ampli-
fiers: 23 iand - 28, respectively, be small compared
with: the: amplitude of the square-topped waves
supplied ito the diagonals CD of the modulator
bridges from the ontput of amplifiers 34 and 325.
This can: be obtained by suitable selection of the
impedance values of :the apparatus: in the cir-
cuits 4 .and 5, and by suitably adjusting the gain
of the amplifiers.

The voltages required o be applied:to the pairs
51, 52 ‘of deflecting plates in the reproducing
chamber: (2 of the cathode ray tube 10 to cause
the reproducing electron heam 'to: ‘continuously
trace a icircular path of radius 71, over the ends
of metallic plugs 46, on the reproducing side of
the target {3, in a time of

1

f

per revolution, and with the proper synchronized
phase relation with respect to the recording elec-
tron beam in the recording chamber to reproduce
the recorded signal variations, are derived from
the wave of fundamental .frequency f generated
by the oscillator 3 in the following manner.

A sine wave of the frequency f is transmitted
by the oscillator 3 into the branch. circuit 6 in
which it is amplified by the amplifier 5. The
amplified waves pass through the phase shifter
3%, which is adjusted to give the required lag in
the voltage wave transmitted through branch
circuit 6 behind the volbtage wave transmitted
through control branch circuit 4, so that, refer-
ring to Fig. 3, the reproducing electron beam ve-
gins to traverse its circular path ABC over the
plugs 48 on the reproducing side of the target at
the same instant the recording bheam starts to
traverse its circular path ABC on the recording
side of the target, both beams rotating in the
same direction. 'The output of the phase shifter
37 is impressed on the phase splitting network
38 which operates to split the applied volbage
wave into two components 90 degrees out of
phase, one component taken off from the ter-
minals of the condenser 3$ being applied across
the pair 5i of deflecting plates, and the other
component taken off across the terminals of the
resistance 41 being applied across the other pair
of deflecting plates 52 of the electron gun mech-
anism in the reproducing chamber.

The effect of the recording electron beam, trav-
ersing at a time per revolution of

1

2f
second alternately the active circular path ABC
and the inactive circular path DEF on the target

{3 under control of the voltages applied to the
deflecting plates in the recording chamber in the

2,219,021

manner described, is to split up the signals mod-
ulating the beam: into .equal elements on a: time
basis, alternate elements of which: (those modu-
lating the beam in the time intervals in which it
traverses path DEF over conducting ring 1) are
discarded, and the remaining alternate elements
being electrostatically recorded on the plugs 46 in
the path ABC of the beam.  ‘The effect of the re~
producing ‘beam traversing, under ccontrol of the
voltages applied to the deflecting plates in the re-
producing .chamber: as described; the active cir-
cular path ABC over the other ends of the plugs
46, continuously with an angular velocity

(17 second per revolution)

which is  half that of the recording  beam, is
that the recorded signal elements will be: repro-
duced in such manner that they are stretched
out: to: twice their original duration each occupy-
ing the same time: interval formerly:occupied by
it and the succeeding discarded signal segment.

The reproduced: signal: elements: collected by
the collecting electrode : 60 are impressed: across
the resistance 43 on the input circuit of the vac-
uum tube amplifier 44 and: the: amplified signal
elements, : which ‘now :occupy: :.only one-half: the
total signal frequency range formerly occupied
by the original signals impressed on the “IN”’ ter-
minal of the cathode ray device: i0, are trans-
mitted over the transmission line L to the receiv-
ing station illustrated in Fig, 2.

In the receiving station of Fig. 2, two cathode
ray tubes 110, 210, shown diagrammatically be-
cause each  is identical. with the device {0 em-
ployed at the sendihg: station, are used -for first
recording and then reproducing the signal ele~
ments: received over. the line L. : T'wo cathode ray
devices are employed:because it:is desired to re-
produce each signal element twice in order to fill
the gaps which would otherwise oceur in the re-
produced signals due to the fact that each alter-
nate signal element or interval was eliminated at
the sending station. »

The incoming distorted signal elements are am-~
plified by the amplifier 41 and portions of the
amplified waves are diverted into the parallel cir-
cuits 48 and 49. 'These portions of the waves are
respectively applied between the modulating ele-
ment and the cathode element (not shown) of
the cathode ray tubes (10 and 2106 by input cir-
cuits (not shown) similar to that employed with
the cathode ray tube 10 at the sending station, to
modulate the intensity of the electron beam gen-
erated by the electron gun mechanism in the re-
cording chamber of each tube in accordance with
the variations in the applied signal elements.

It is desired to have the recording electron
beam in each of the tubes ({8, 218 continuously
trace out a circular path ABC of radius r1 over
the ends of the conducting plugs in the circular
row on the target in the recording chamber with
a frequency f or a time of revolution of

1

)

second, in order to have each beam make a con-
tinuous electrostatic record which is an exact
copy of the incoming signal segments reproduced
in the reproducing chamber {2 of the cathode
ray device 10 at the sending station. Therefore,
an electron beam deflection control circuit 60 in-
cluding in order an amplifier, a phase shifter and
a phase splitting network, identical with the con-
trol branch circuit 6 associated with the repro-
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:ducing deflection plates of the cathode ray tube.
“10-at the sending station, is used for deriving the

required voltages 90 degrees out of phase applied

-bo the two. pairs of deflection plates (not shown)
‘ »1n the recording- chamber of each of the tubes

It is des1red that the electron beam generated-

in the reproducing chamber of each of the tubes

_-110; 210-operates to- cause all of the signal ele-

~10

15,

20

-ments recorded on the conducting plugs 46 while
‘the recordxng beam traces the circular path ABC

to be. reproduced but in .a time of

1

o .
second per revolutlon As the recording is done
ina tlme of h

1~-'

_ 7
second. per revolution, it is apparent that the

-value of ‘each frequency in the reproduced sig-

‘-nal elements in that case would be double the

25

.value as recorded, which would mean that all of

the frequencies in-the reproduced signal seg-

'ment are restored to the values they had origi-

130

i35

40 -
‘second per revolution the circular path-ABC over
“the plugs ‘46 on'the target in which interval it

‘nally at the sending station. -

. This is:accomplished by employing for control-
ling the deflection voltages applied to the pairs
of deflecting plates in the reproducing chamber
-of ‘each tube, the circuits 40 and 50, the elements
in the control circuits for each tube being identi-
cal . with those in the control circuits 4 and 5 em-

‘ployed for controlling the recording operation in

the similar tube 10 at the sending station, so that

‘the reproducing electron beam in each tube iio,
: 2 | 0 alternately traverses.in the time of )

1..
3

"‘is effective to reproduce the recorded signal vari-

45

- ations, and the circular path DEF over the con-
.ducting ring { of the target in which interval it

is not effective'to reproduce anything.
'The control ‘circuit 40 associated with the re-

“-producing deflecting plates of the tubes 110 and

.50

55

60

210, as indicated, comprises a full-wave rectifier
10 for rectifying the sine wave of fundamental
frequency f supplied by-the oscillator 300, simi-

‘Jar to the oscillator 3 at the sending station, a
-selective circuit 80 for selecting ‘a sine wave ‘of
-the frequency 2f from the output of the rectifier
10, and parallel circuits indicated by the boxes N1
-and N2 each identical with the circuit shown
‘within the dot-dash box N in Fig. 1, respectively

connecting the output of the selective circuit 80

‘to the -‘two pairs of deflecting plates in the re-
:spective ‘tubes 110, 210. - The control circuit 50
‘comprises the overloaded amplifier 140 for chang-

ing the'sine wave of frequency f received from the
oscillator 300 to a square-topped wave of the

o5 ! same freqtiency, which is applied in parallei
? through amplifiers to properly bias variable loss .

pads within the boxes Ni and Na, respectively,

corresponding to’ the amplifiers 34 and 35 and

‘the " copper-oxide rectifier bridges 24 and 29

70
‘manner similar to that described for the similar

within the box N in Fig: 1.
The control circuits 40 and 50 operate in a

- circuits 4 and 5 of Fig. 1 to make the deflection

a5

‘Voltages ‘applied to the reproducing plates of the
“tubes 110, 210 ‘such that the reproducing elec-
"tron beam in-each tube alternately traverses the

D

‘circular paths ABC and: DEF in alternate time. -

‘intervals of .
_1_;
: o ‘
second each so that it will reproduce in trans-
mission over the path ABC all the signal. seg-

ments previously recorded on the plugs 46 by the.

recording beams but with .each frequency there-~

in doubled so that it is restored to the value it
originally had at the sending station.
The connection between the overloaded ampll-

fier 140 and the circuits within the box N2 only °

are crossed, as indicated, to cause the square-

topped control wave to be applied 180 .degrees

.out-of phase to the variable loss pads in circuits:

16

N; -and N2 respectively,. so. that each. tube {0 -

and 210 reproduces the same signal segments for
alternate tlme intervals lasting
1
2f ‘A

second each,

: :20

The reproduced signal segments ‘are taken off ’

from the reproducing chamber of the cathode -

ray tube 110 by an outgoing circuit including an
amplifier 90, and the alternate reproduced signal

segments are taken off from the reproducing

chambeér of the cathode ray tube 246 by an out-
going .circuit including an amplifier 100, in a
manner similar to that described for the cathode
ray tube 10 at the sending station of Fig. 1, and
the amplified signal -segments, the frequencies
of which are now increased to the original values
which they had at the input of the cathode ray
tube 10 at the sending station of Fig 1, are com-
bined in a common c1rcu1t 138 leading to a suit-

‘able receiving device 120 4s indicated.  The sig-

naling wave impressed on the receiving signaling
device 120 will contain only the alternate sbeech

segments recorded- at the sending station,-but-
-each of tliese segments is reproduced twice con-

secutlvely so that the signals as reproduced by
the receiving dev1ce I20 will contaln no sxlent
gaps.

The phase of ‘the wave of fundamental fre-
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quency f recelved from the oscillator 3 at the

sending - station - and the oscillator 309 at: the
receiving " station is' preferably made adjustable

~by_ any suitable means so that the relative points
in the cycle at which the speech waves are:
. switched or mterrupted are the same at the send-

ing and receiving ends of the system.

In a modification of the circuit illustrated and
described, theé fundamental frequency f, deter-
mining the rate-at which’'the speech or other
signal wave of slowly varying fundamental fre-

50
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quency and wave shape is-chopped up, may be’

of a speaker’s voice instead of being generated by

the auxiliary: oscillators: 3 and 300 as described.

In an- unvoiced: sound, where the voice has no
finite fundamental frequency, the rate of in-

It is’ apparent that the amount of reduction in

‘derived directly from the fundamental frequency .

“terruption may. be determined by an -oscillator -
‘having -the average frequency of the speakers
voice.

: 65

the frequency range of the signals transmitted in.

a system, such as described, may be made any
desired fraction of the original frequency range

by varying the number of cathode ray tubes em-

ployed at the receiving station and utilizing dif-
ferent harmonics of the frequency f to control
the deflection voltages of the single cathode ray

“tube at the sending station.. Where a frequency. .
‘reduction-of 2:to 1 is desired, two cathode ray.:
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‘tubes-operating in alternation would be employed

at the receiving station and the harmonic 2f
would be selected by selective circuit 8, as indi-
cated. Where a reduction of 3 to 1 is required,
three cathode ray tubes operating in sequence
would be. employed at the receiving station and
the harmonic 3f would be selected at the sending
station, and where a 4 to 1 reduction is desired,
four. cathode ray tubes.operating in sequence
would be employed, and the harmonic 4f would
be selected at the sending station, and so on.
However, in the case where an odd harmonic is
reguired to be selected by the selective circuit 8
at the sending station, the full wave rectifier 1
would be eliminated.

Other modifications of the circuits which have
been illustrated and described which are within
the spirit and scope of the invention will be ap-
parent to persons skilled in the art.

What is claimed is:

1. A method of changing the form of a message
wave, which consists in chopping it up into a
number of segments on a time basis, discarding
certain segments, electrostatically recording the
remaining segments at a given speed, and repro—
ducing the recorded message segments at a lower
speed, whereby the total frequency range oc-
cupied by the reproduced message components is
reduced.

2. The method of reducing the width of the
frequency band required for transmitting an al-
ternating current signal wave, which consists in
chopping up the wave into a plurality of small
portions on a time basis, eliminating certain of
said portions, electrostatically recording the re-
maining portions at a given speed, reproducing
the recorded portions of the signal waves at a
lower speed whereby each frequency in the repro-
duced signal portions . is reduced to a fraction of
its original value, transmitting the reproduced
signals so modified over a transmission medium,
and restoring the frequencies of the transmitted
wave to their original values at a receiving point.

3. The method of reducing the frequency range
required for transmitting an alternating current
signal wave, which consists in chopping up the
wave into a plurality of small intervals on a time
hasis, eliminating alternate intervals, electro-
statically recording the remaining intervals of
said waves at a given time rate, reproducing the
recorded intervals at half the speed of recording,
whereby the duration of each interval is stretched
out by a factor of two and the total frequency
range occupied by the reproduced signal intervals
is halved, transmitting the reproduced signals so
modified over a transmission medium, and at a
receiving point electrostatically recording the re-
ceived signals at the same speed as received, and
reproducing the recorded signals at twice the
speed of recording whereby the frequency com-
pounents therein are restored to their original
values.

4. A frequency changing system comprising
means for generating an alternating current sig-
nal wave containing a wide range of frequencies,
a cathode ray device for producing an electro-
static record of separated portions of said wave
on a time basis while discarding the intervening
portions, and for reproducing the recorded por-
tions at such a time rate compared to the speed
of recording that the value of each frequency of
the reproduced waves bears a desired ratio to its
original value.

5. The method of communication which con-
sists in chopping up an alternating current mes-
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sage wave into a large number of small fragments
on a time basis, selecting a sufficient number of
said’ fragments to insure -intelligibility of the
message when the fragments are reproduced,
while eliminating the remaining fragments, elec-
trostatically recording the selected fragments at
a given speed, reproducing the fragments at a
lower speed such that each frequency therein
and the total frequency range occupied by each
fragment. is reduced by a desired amount, trans-
mitting the reproduced message fragments and
at a receiving point electrostatically recording
the received fragment at the same speed as re-
ceived, and reproducing the resulting record at
such speed as to restore the message components
to their original frequency: value.

6. A frequency reducing system comprising a
source of alternating current signal waves of a
wide range of frequencies, means to chop up the
wave produced by said source into a plurality
of snrall equal portions on. a time basis, means to
produce an electrostatic: record of every alter-
nate porticn of said waves while discarding the
intermediate portions, and means to reproduce
the recorded- portions-at such a time rate that
each frequency therein is reduced to a desired
fraction of its original value, whereby the total
frequency range of said signal waves is' effec-
tively compressed.

7. The system of claim 6, in which the record-
ing and reproducing means comprise a single
cathode ray device.

8. In a communication system comprising a
sending and a receiving station connected by a
signal transmission medium, said sending station
comprising. g source of signal waves comprising
a wide band of frequencies, a cathod ray device
for producing an electrostatic record of portions
of sald waves spaced apart with respect to time
while discarding the intermediate portions of
the waves, means for reproducing said record
at a.slower rate than the recording rate to de-
crease the signal frequencies from their original
values, and. means to transmit the reproduced
signals to said. medium, said receiving- station
comprising means for reproducing the portions of
the signal waves received over- said medium in
such manner as-to restore the frequencies there-
in to their original values. -

9. A communication system comprising a send-
ing.station and a receiving station joined by a
signal transmission medium, said transmitting
station comprising a source of alternating cur-
rent signal waves, means for eliminating sepa-
rated portions of the signal.on a time scale and
for electrostatically recording the intermediate
portions, and means for reproducing and trans-
mitting to said medium the recorded portions in
such manner that each successive transmitted
signal portion is stretched out so that it occupies
the time interval formerly occupied by it and
the succeeding eliminated portion together, said
receiving station comprising means for restoring
the modified signhal portions- received over said
medium to their normal- time inftervals, and
means for replacing each signal portion elimi-
nated at the transmitting station with a copy of
the: preceding retained signal portion so that the
final signal wave is continuous:

10. A communication system comprising at a
transmitting station a. complex wave message
source, means for eliminating alternate time in-
tervals of the message wave received from said
source and retaining other intervals, means for
electrostatically recording the retained portions
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of the message and means for reproducmg end

transmitting to a receiving station the recorded
portions at a rate different from the recording
rate, and means at said receiving station for re-
storing the transmitted portions to their normal

time intervals.

11, The system of claim 6 in whlch the chop-

‘pmg up, recording and reproducing means com-

prises a  single cathode ray device comprising
an evacuated enclosure divided into two chambers

_each containing an electron beam generating ap-

paratus, separated by a target consisting of a

disc including a ring of conducting material-and

a parallel circular row of small plugs of conduct-
ing material insulated from each other, extend-
ing through the target perpendicular to its plane,
separated from said ring by insulating material;

B means to modulate the intensity of the beam gen-

20

erated in one chamber with said alternating cur-

Tent signal wages, means to cause the latter beam

to revolve at a given angular velocity alternately

-

in circular paths over the ends of said plugs in

said one chamber, to make an electrostatic record

of the signal variations modulating the beam dur~- .
ing that interval, and over said conducting ring,-

the signal variations modulating the beams dur~
ing the alternate time intervals in which it moves

ated in the other chamber to revolve at a lower
angular velocity and with the required delay with
respect to-the first beam, continuously in a cir-
cular ‘path over -the other ends of said plug in
said other chamber, to reproduce all record of

signal variations previously made on said plugs:

by said first beam, each frequency in the repro-
duced signals being thereby reduced with respect

- to its original value and the total frequency range

occupied by the reproduced signals bemg less
than that of the ongmal sighals.

ROBERT R. RIESZ.
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~over the conducting ring being thereby: elimi-
nated, means to cause the electron beam. gener-
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