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1

This invention relates to receivers for com-
munication systems and more particularly to de-
coders for use in the receiving equipment of
communication systems employing pulse code
modulation.

In communication systems utilizing what is
known as pulse code modulation, a speech wave
or other signal to be transmitted is sampied
periodically to ascertain its instantaneous ampli-
tude. The measured instantaneous amplitude is
expressed by pulse codes analogous to telegrapk
codes.

One code which conveniently may be em-
ployed in pulse code transmission involves per-
mutations of a fixed number of code elements
each of which may have any one of several con-
ditions or values. An advantageous code of this
type is the so-called binary code in which each
of the fixed number of code elements may have
either of two values. One advantageous way
of representing these values is to represent one
by a pulse sometimes referred to as an “on
pulse” and the other by the absence of a pulse
sometimes referred to as an “off pulse.” Alter-
natively, one value may be represented by a posi-
tive pulse and the other by a negative pulse.
The total number of permutations obtainable
with the binary code is proportional to 20 where
7 is the number of code elements employed.

Because the total number of different ampli-
tudes which may be represented by such a code
of a fixed number of elements is limited, it is
found desirable to divide the continuous range
of amplitude values of which the transmitted sig-
nal is capable into a fixed number of constituent
ranges which together encompass the total range.
Each -of these smaller or constituent amplitude
ranges may then be treated as if it were a single
amplitude instead of a range and is represented
by an individual one of the permutations of the
code. In the use of this method of code trans-
mission the instantaneous amplitude ascertained
by a-sampling operation is represented by the re-
spective permutation indicative of the ampli-
tude range, or step, which' most nearly approxi-
mates the amplitude of the measured sample. If,
for example, the sample amplitude is nearest to
that -amplitude represented by the ninth step
of the signal amplitude range the permutation
code corresponding to range 9 is transmitted.
A ‘typical system for communication by pulse
code modulation is disclosed in an article en-
titled “An experimental multichannel pulse code
modulation system of toll quality,” by L. A.
Meacham and E. Peterson in The Bell System
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Technical Journal for January 1948, beginning
at page 1.

It will be observed that each code element in
one of its values represents the presence in the
sampled amplitude of a particular fixed portion
of the total amplitude range, while in the other
value it represents the absence of that same
portion.

The groups of code pulses representing by their
permutations the successive sampled amplitudes
of the signal wave may be transmitted to a re-
mote station and employed thereat to reproduce
or to control the regeneration of the complex sig-
nal wave to which they correspond. In general,
the receiving and decoding apparatus for this
purpose must be synchronized with the transmit-
ting equipment. It is a customary practice to
transmit a synchronizing pulse at the beginning
or at the end of each of the groups of code
pulses. At the receiver various gating, switch-
ing and other auxiliary circuits may be employed
to separate the synchronizing pulse from the
permutation code pulses representing the trans-
mitted signal and to insure that the mechanisms
at the receiving station and at the transmitting
station are properly synchronized.

It is an object of the present invention to sim-
plify the decoding and receiving apparatus em-
ployed in pulse code modulation systems and to
reduce the complexity of the circuits required
for synchronizing and timing the operation of
the decoder.

It is another object of the invention to provide
a decoder which may be arranged to receive pulse
code modulation code groups in which the code
elements are sent in any arbitrary order, that
is, transmissions in which the order or arrange-
ment of the code element signals of each code
group is not necessarily determined by the mag-
nitudes of the amplitude increments of the com-
plex wave amplitude which they represent.

In accordance with one aspect of the inven-
tion, there is provided decoding apparatus which
comprises a cathode ray tube over the face of
which is positioned a mask. A plurality of open-
ings are formed in this mask and are disposed
across the screen of the cathode ray tube. These
openings are equal in number to the code ele-
ments employed in the code groups constituting
the pulse code modulation to be received, one
opening being provided for each of the code
elements. The openings are of different areas
and more particularly are of areas proportional
respectively to the portions of the total possible
complex wave amplitude represented by the code
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elements to which they correspond. A sweep
circuit deflects the electron beam of the cath-
ode ray tube across the screen thereof during
receipt of each code group, and the individual
code element signals of the code group are ap-
plied effectively to permit the. electron beam to
strike the screen of the cathode ray tube behind
only those mask openings for which, in the code
group received, the code element signals are of
the value representing the presence of incre-
ments of the total possible amplitude. in the com-
plex wave. Means are provided also for gen-
erating an output signal proportional in ampli-
tude to the total amount of light passing through
the mask,

In accordance with another aspect of the in-
vention, the received code element signals when
of the value representing the presence of por-
ticns of the total possible amplifude are em-
ployed to. permit the normally cut-off electron
beam to flow thus unblanking the cathode ray
tube, and means are provided to. oscillate the
beam of the cathode ray tube in a direction nor-
mal to the direction of sweep across the tube be-
hind the perforated mask.

In accordance with still another aspect of the
invention means are provided whereby the trans-
mitted carrier signals are demodulated and em-
plode to deflect the electron beam of the cathode
ray tube so. that the sweep path thereof across
the screen is in alignment with the mask open-
ings only when signals of the value representing
the presence of a portion of the total complex
wave amplitude are received and the mask open-
ings. are made respectively proportional in width
to the amplitudes of the portions of the total pos-
sible amplitude of the complex wave represented
by the code element signals to which they cor-
respond. .

‘In another aspect, the invention relates to
means for timing and controlling the sweep of
the eleciron beam across the scréen of the cath-
ode ray tube. during the receipt of a code group
and to means for adjusting the sweep so that
the sweep deflection begins at the initiation of a
code group. and. is of the same duration as the
code group. )

The above and other features of the invention
will be described in detail in. the following speci-
fication taken in connection with the accompany-
ing drawings in which:

Fig. 1.1s a block diagram showing a decoder
which constitutes one embodiment of the inven-
tion;

Fig. 2.is a block diagram of an-alternative de-
coder in accordance with the invention;

Fig. 3 is g block diagram showing a modifica-
tion of the decoder of Fig. 1;,

Fig. 4 is a circuit schematic of the decoder
shown in block form: in Fig. 1'; gnd

Fig. 5 is a graph-representing a received code
group which will be referred to in explaining the
operation of the decoder of Fig. 4.

In the decoders, shown in the drawings and
described herein provision is made, for purposes
of illustration, for the reception of code groups
‘having a synchronizing signal and four code ele-
ment signals, these signals, being of equal dura-
tions and being transmitted.sucecessively. These
‘code: groups are transmitted at a suitable fixed
group or frame repetition. rate which for the
transmission of speech may, for example, be 8,000
frames per second. The code groups may include
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while the frame frequency may be increased if
desired to increase the fidelity of the transmis-
sion system.

In the decoding system of Fig. 1, the pulse code
modulated radio frequency signals received from
the transmitter are applied to a radio frequency
amplifier (0 having two- output connections.
One of the two output signals from amplifier 10
is applied to synchronizing and sweep deflection
circuits while the other is applied to the vertical

- deflection plates. 12 and 14 of a cathode ray tube

16. It will be recognized that if desired radio
frequency ampiifier (0 may comprise a conven-
tional superheterodyne receiver in which case
the output applied to the cathode ray tube will
be taken from the intermediate frequency ampli-
The output signal applied to the synchro-
nizing and deflection equirment is applied first
to a synchronizing circuit 18 in which there is
produced a series of synchronizing pulses occur-
ring at the code group repetition rate or frame
frequency of the transmitted pulse code modula-
tion. signal and accurately phased so that each
Pulse occurs at the initiation of a code group.
These. synchronizing pulses are applied to a
sweep circuit 20, in. which there is, generateq a
saw. tooth wave.. This wave is applied through a
deflection amplifier 22 to the horizontal, plates 24
and. 26. of cathode ray tube {6, one saw tooth
occurring for each codé group. A mask 28 is
mounted over the screen of the cathode ray tube
and has openings therein the areas of which are
respectively. proportional to the different. fixed
portions of the total possible aniplitude of the
complex wave represented By the. several code
element. signals. comprising the transmitted code
groups.,

In the embodiment shown in Fig. 1, it is as-
sumed. for convenience in description that the
separate code element signals of the code groups
are. transmitted in accordance with the decreas-
ing. order of amplitude. of the. portions of the
total possible complex wave.amplitiide which they
represent, that is, the individual code element
signal representing. the largest portion of the
total possible amplitiidé. is transmitted first, that
representing the next largest portion. second, etc.,
and the openings in mask 28 are arranged in the
same order. Thus it will be understood that if
the electron. beam. of the cathode ray tube is
swept horizontally (in, Fig. 1). from. left. to. right,
it. will, if suitably deflected.in the vertical direc~
tion, first strike the -screen, behind the opening
in mask 28 corresponding to. the. largest portion
of the total possible complex. wave amplitude and
brogress. across the screen.behind those openings
corresponding; to successively. smaller portions of
the total possible amplitude, As will, appeaf
hereinafter,  the code :element signals. may be

g transmitted in any.other fixed order and. may. be

satisfactorily deécoded in accordance with the
invention.

It will be recalled that the output of radio
frequency amplifier 10.is applied to the vertical
deflection. platss 12 and {4 of cathode ray tube
{5, Let it be assumed for purposes.of illustration
that the code. element. sighaling condition cor-
responding to the presence of 3 fixed portion of
the total complex wave, amplitude is an “on” or
current pulse, while the signaling condition cor-
responding to the absence.of that pertion is an
“off” or no.current pulse.and that the “on” and
“off” pulses are employed to gate or switch the
radio. frequeney. carrier. Then, each time a codé
element signal corresponding to the bresence of
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ix portion of the totalramplitud'e is receivéd, the

beam of the cathode ray tube will be oscillated
vertically at radio frequency and the envelope of
the trace as the beam is swept horizontally will
be essentially a rectangular pulse. Thus during
the receipt of a signal representing the presence
of an increment of the total amplitude, the por-
tion of the cathode ray tube screen behind the
corresponding mask opening will be traversed by
the electron beam which is oscillated vertically
at a relatively high frequency and a rectangular
area of the screen will be illuminated. On the
other hand, in the absence of such a signal, that
is, when the code element signal represents the
absence of a given portion of the total possible
amplitude, the electron beam will not be oscil-
lated in the vertical direction, and the area be-
hind the corresponding mask opening will not be
illuminated.

The light produced by the screen of the cathode
ray tube and transmitted through mask 28 is
focussed through a lens system indicated at 30
upon the cathode of a photoelectric tube 32. For
each code group this tube produces an output
signal proportional to the total amount of light
passing through the mask and thus proportional
to the amplitude represented by the code group
received at that time. This signal is applied to
an amplifier 34 and thence to a low-pass filter
36 which removes the pulse and frame frequency
components from the signal which is then ap-
plied to headphones 38 or other suitable terminal
equipment.

The embodiment of the invention shown in the
block diagram of Fig. 2 employs the same syn-
chronizing and sweep circuits as that of Fig. 1
but includes a different signal channel and a dif-
ferent type of decoding mask. In this embodi-~
ment, the transmitted signals are applied to a
radio receiver 40. The output of the intermedi-
ate frequency amplifier thereof is applied to syn-
chronizing and sweep deflection circuits 42, 44
and 46, which correspond to circuits 18, 20 and
22 of Fig. 1.

Here, however, the demodulated output of the
radio receiver, comprising the “on” and  “off”
pulses referred to above is amplified and ap-
plied to the vertical deflection plates of cathode
ray tube 48. Thus as the electron beam is swept
across the screen of the tube, it is deflected ver-
tically whenever a positive pulse or signaling
condition corresponding to the presence in the
complex wave of a given increment of the total
possible amplitude is received, and is not deflected
in the vertical direction upon receipt of signals
of the second type corresponding to the absence
of the same increment of the complex wave.
Mask 50 mounted over the screen of the cathode
ray tube has formed therein a series of open-
ings, the widths of which are proportional re-
spectively to the portions of the total possible
amplitude of the complex wave represented by
the individual code element signals. The open-
ings are arranged in the order of transmission
of these signals and spaced uniformly on centers.
The vertical deflection circuit is so arranged that
in the absence of code element signals of the
first type, that is, signals representing the pres-
ence of a portion of the total possible amplitude,
the electron beam is swept across the screen be-
low the line of mask openings and no light is
transmitted through the mask. Upon receipt of
such signals, however, the beam is deflected ver-
tically during the portions of the sweep in which
such signals are received. Consequently, the elec-
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tron beam strikes the screen behind these mask
openings which correspond to code element sig-
nals of the first type and for each of these sig-
nals a strip of light of essentially the width of
the beam and of a length proportional in that
portion of the total possible amplitude repre-
sented by the signal causing the vertical deflec-
tion is transmitted through the mask. As in the
case of the embodiment of Fig. 1, the light trans-
mitted through the mask is applied to a photo-
electric tube, thence through an amplifier and
low-pass filter to headphones or other terminal
equipment.

The decoder shown in Fig. 3 represents a modi-
fication of that of Fig. 1 which is useful when
the carrier frequency of the transmitted signals
is too high for convenient use in deflecting the
electron beam of a cathode ray tube. In this
arrangement the transmitted signals are applied
to a radio receiver 52 and the output of the radio
frequency amplifier thereof is applied to a syn-
chronizing and sweep deflection circuit identical
to that employed in the systems of Figs. 1 and 2.
The demodulated output of radio receiver 52, how-
ever, is applied through an amplifier 54 to the
control grid of cathode ray tube 56, means being
provided in the amplifier normally to produce an
output signal suitable for blanking the electron
beam in the cathode ray tube. The output of
the sweep deflection circuit is applied to the hori-
zontal deflection plates of cathode ray tube 56,
while the output of high frequency oscillator 58
is applied to the vertical deflection plates of the
cathode ray tube. The frequency of oscillator §8
is high compared to the code element frequency
but low as compared to the carrier frequency.
Mask 68, mounted over the screen of cathode ray
tube 56 is identical to mask 28 described in con-
nection with the system of Fig. 1.

In the operation of the embodiment of Fig. 3,
the electron beam is swept across the screen of
the cathode ray tube during the receipt of each
code group and is continually oscillated in the
vertical direction. However, the beam is cut off
at all times except during reception of a code
element signal of the type corresponding to the
presence in the complex wave to be transmitted
of a finite portion of the total possible amplitude
thereof. At such times, the electron beam is de-
blanked and the screen is illuminated by the rap-
idly oscillating electron beam as it is swept across
the screen behind the mask opening correspond-
ing to the same portion of the total possible am-
plitude. The remainder of the equipment com-
prising the lens system, photoelectric tube, ampli-
fler and filter, together with headphones or other
terminal equipment is identical with that pro-
vided in the embodiment of Fig. 1.

‘The detailed circuit arrangements of the de-
coder shown in the block diagram of Fig. 1 will
now be considered with reference to the sche-
matic diagram of Fig. 4. In this system input
signals from antenns 4{0 are applied through
transformer 412 to the control grid of radio fre-
quency amplifier 414 which may conveniently
comprise a single pentode-type tube, although
multistage amplifiers employing other types of
tubes may also be employed. The amplified radio
frequency signal is then applied to the deflection
amplifier of the cathode ray tube 496 and through
transformer 416 to synchronization and sweep
deflection circuits.

In the synchronization and sweep deflection
channel, the signal is applied through trans-
former 416 to a conventional grid leak detector
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418 which may conveniently comprise a second
pentode-type vacuum tube.

The output from grid leak.detector 418 is trans-
former-coupled through transformer 422 to sig-
nal amplifier 424, the grid circuit of which, in-
cluding inductor 425 and capacitor 428, com-
prises a resonant circuit. In-the embodiment de-
scribed herein by way of illustration the trans-
mitted code groups are sent.successively and that
each includes a synchronizing signal or pulse and
four code element signals or pulses, each of which
may be present-or absent. Accordingly, if the
code groups are sent at a repetition rate of 8,000
frames per second as suggested above and the
amplitude of the complex wave to be transmitted
is suchi that all code element pulses are present,
the pulse repetition rate is 40,000.cycles per sec-
ond. -Accordingly, the resonant circuit including
inductor 426 and capacitor £28 is tuned to 40,000
cycles per second. For other amplitudes of the
compiex wave the code groups will contain fewer
code pulses or even in relatively rare instances,
no code pulses. The synchronizing signal pulse
will, however, be transmitted in each code group
and under these. conditions, the energy storage of
the tuned circuit including inductor 426, capaci-
tor 422 is sufficient to maintain the 490,000-cycle
output of amplifier 424, Thus at the receiver
there.is derived a signal the frequency of which
is an exact multiple of the cede group or frame
frequency.

This signal is coupled through transformer 420
to -a clipper stage 432 which may conveniently
comprise .a -pentode-type vacuum .tube. The
cathode resistor 434 of this tube is by-passed by
capacitor 438 so that a self-biasing voltage is de-~
veloped tending to cut off the flow of current
through the tube. During the positive peaks of
the 40,000-cycle sine wave input signal, the con-
trol grid is driven positive and plate current flows.
As a result of the current flow through cathode
resistor 4234, the cathode becomes more positive
relative to the control grid tending to cut off the
tube. After the positive peak has passed, there
is suflicient energy storage in the circuit ineclud-
ing cathode resistor 434 and capacitor 438 to
maintain the cut-off bias until the next positive
peak occurs.

The output signal £42 from clipper 832 com-

prises a series of negative pulses which occuyr at :

a rate of 40,000 cycles per second in the illustra-
tive system described herein.. These pulses are
shaped by the differentiating. circuit comprising
capacitor 88 and resistor 440. ’

The output signal of clipper stage 832 iz em-
ployed tc trigger a single trip on “one shot” multi-
vibrator comprising two vacuum tubes 444 and
448 which are shown in this embodiment as com-
prising the two halves of a twin-triode type tube,
although it will be understood that separate
triode-type tubes or other types of tubes may be
employed in this circuit. This single trip multi-
vibrator, which is of the type sometimes referred
to as a single square pulse gererator is adjusted
to produce a single square pulse in response to
each triggering impulge, this square pulse having
2 duration of 125 microseconds. (1/3,000 cycles per
second).. "In this “one-shot” multivibrator cir-
cult the plate of vacuum tube 444 which will be
referred to hereinafter as the “on” tube is con-
nected through anode resistor 848 to a source of
positive notential axnd is also connected directly
to the control grid of vacuum tube. 448 which will
be referred to hereinafter as-the “off” tube. The
cathode of “on” tube 444 is connected directly to
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ground. - The plate of “off” tube 448 is connected
through anode resistor 450 to the sotree of posi-
tive potential and through capacitor 452 to the
contro! grid .of “on” tube 444. The cathode of
“off” tube 446 is connected through resistor 454
to ground and this resistor is by-passed by ca-
pacitor 458. ‘

Let it be assumed that “on’” tube 444 normally
operates at or near zero bias with plate current
flowing therethrough. This flow of plate current
causes a voltage drop across anode resistor 448
which because of the connection of the plate of
“on” tube 444 to the control grid of “off” tube
446 tends to prevent the flow of current through
the latter tube.

Upon receipt of each of the negative pulses
from the differentiating circuit comprising ca-
pacitor 43§ and resistor 448 the control grid of
“on” tube 444 is suddenly driven negative cutting
off the fiow of plate current through this tube.
Accordingly, the plate potential of this tube rises
sharply and because.of the connection to the con-
trol grid of “off” tube 44§ this control grid is
driven positive to initiate flow of current through
the “off” tube. Capacitor 852, which has been
charged to the full plate potential during the pe-
rlod in which tube 448 was cut off, begins to. dis-
charge through the plate-cathode circuit of tube
448, After a period determined by the time con-
stant of capacitor 452 and resistor.£40, the volt-
age on the control grid of “on” tube 448 rises
sufficiently to permit current again to flow
through this tube.- Such current flow lowers the
plate voltage of tube 444 and this voltage applied
to the grid of tube 446 tends to return it to its
normal “off” condition. This action is facilitated
by the self-biasing operation of “off” tube 446,
the cathode of this tube tending to become more
positive during periods of current flow. In addi-
tion, there is-sufficient energy storage in the cir-
cuit comprising resistor-454 and capacitor 458 to
maintain tube 442§ cut off during the periods in
which no negative friggering pulse is applied to
the “on” tube.

The time constant of the R. C. circuit compris-
ing resistor 448 and capacitor 452 is so adjusted
in this embodiment that the single trip multivi-
brator completes its cycle of operation in exactly
125 microseconds. The . output of this stage is
taken from the plate of “off” tube 846 and com-
prises. a single negative pulse of the form shown
at 488. Thus there is derived at the output of
the .single trip multivibrater a single negative
square pulse of duration just equal to that of the
code. group. .However, due to time delays and
phase:shifts through those portions of the circuit
thus far described, this square pulse may not nec-
essarily coincide in time with the receipt of a
code group. Means for adjusting the phase of
the synchronizing system wiil now be descriked.

The output from the piate of “off” tube 44§ of
the single trip multivibrator is applied through
coupling capacitor 488 to the control . grid of
vacuum tube 462 which.is arranged as a saw
tooth wave generator of conventional type. The
control grid of the triode-type tube emuloyed in
this saw tooth wave generator is connected
through resistor 484 to a source of positive poten-
tial -such that plate current normally flows
through tube 462.- Capacitor 468 which is con-
nected between the plate of tube 462 and ground
is thus normally discharged. . Upon receipt of the
negative square pulse from the single trip multi-
vibrator, tube 462 is cut. off and capacitor 466
hegins to charge through plate resistor ‘468. Af
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the termination of the negative square pulse in-
put signal, tube 462 again becomes conducting
and capacitor 466 discharges through the tube
which at this time comprises essentially a short
cireuit across the capacitor. Accordingly, a saw
tooth wave of the form shown at 410 is developed
across plate resistor 468.

This saw tooth wave is applied to a phase ad-
juster and  pulse sharpening circuit including
vacuum tube 412 which may conveniently be a
triode-type tube. 'The plate of tube 472 is con-
nected through an anode resistor 474 to a source
of anode voltage, while the cathode is connected
to the movable contact of a potentiometer 476
which is connected in series with resistors 478
and 480 between the source of anode potential
and ground. Depending upon the setting of po-
tentiometer 476, vacuum tube 472 may be caused
to conduct during all or a portion of each of the
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individual saw teeth of the input saw tooth wave. o4

The output of this tube is differentiated in the
circuit comprising capacitor 482 and resistor £84
to obtain a series of negative pulses or pips oc-
curring at the code group or frame repetition fre~
guency of 8,000 cycles per second and having a
wave form as shown at 485. Depending upon the
point at which vacuum tube 472 begins to con-
duct the negative pips generated by the diifer-
entiating circuit will be of a particular phase
in relation to the input saw tooth wave. Thus
the phase of these pips may be adjusted so that
oné pip occurs at the onset of each code group
of the input signal merely by adjusting the set-
ting of potentiometer 476.

These negative pips are applied to a second
single trip multivibrator 488 which is identical in
all respects to the single trip multivibrator com-
prising vacuum tubes 444 and 446 and previously
described. As in the case of the first single trip
multivibrator, single trip multivibrator 488 is ad-
justed to produce negative square pulses of 125-
microsecond duration in response to each nega-
tive pip of the applied signal. These negative
square pulses are applied to a saw tooth wave
generator 496, which is identical to and operates
in the same manner as saw tooth wave gener-
ator 462, to produce an output wave of the form
shown in 492, This saw tooth wave which is ac-~
curately phased with respect to the input code

groups is applied to the horizontal deflection ;

plates 494 of cathode ray tube 496 through an
amplifier comprising vacuum tubes £98 and 500
which are connected in a phase inverting circuit
variously called a cathode phase inverter or a

cathode-coupled paraphase amplifier. This cir- ;

cuit arrangement is described by O. H. Schmitt in
the Journal of Scientific Instruments, volume 15,
pages 136 and 234, for 1938 and in Review of
Scientific Instruments, volume 12, page 548, for
1941 and is referred to on page 137 of Theory
and Applications of Electron Tubes by H. J. Reich,
second edition. In this circuit as described in the
above references, a signal applied to the control
grid of tube 498 appears with substantially equal
amplitudes and in opposite phase across load
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resistors 502 and 504 of tubes 498 and 500, respec-

tively. The push-pull output appearing between
the plates of these two tubes is applied to the
horizontal deflection plates of cathode ray tube
885 to sweep the eleciron beam thereof across the
screen during the time occupied by a single code
group of the pulse code modulated signal. In
view of the assumption made above that the code
element pulse or signaling condition representing
the largest portion of the total possible amplitude

70
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of the complex wave is transmitted first and fol-
lowed by those signals representing successively
smaller portions, the electron beam is caused to
sweep across the screen of cathode ray tube 486
from left to right in Fig. 4.

In addition to being applied to the synchroniz-
ing circuit described above, the amplified pulse
code modulated radio frequency signal from ra-
dio frequency amplifier 414 is also applied through
coupling capacitor 508 to vertical deflection am-
plifier 510 which conveniently comprises a single
pentode-type vacuum tube. The output signal
from this amplifier is applied through coupling
capacitor 512 to the lower of vertical deflection
plates 588 of cathode ray tube 496. The other
vertical deflection plate of the cathode ray tube
is connected through series resistor 514 to the
movable contact of a potentiometer 516 connected
between the source of anode potential and ground.
Potentiometer 516 serves as a vertical centering or
position control and is normally adjusted so that,
in the absence of code pulses in the input signal,
the electron beam of the cathode ray tube will
strike the screen behind the lower opaque portion
of mask 518 mounted over the face of the tube
.and no light will be transmitted therethrough.
Vertical deflection plates 506 are held at substan-
tially the potential of the second anode of cathode
ray tube 486 by virtue of the connection through
resistor 520 for the lower deflection plate and
through a portion of the winding of potentiometer
516 for the upper vertical deflection plate to the
second anode.

Appropriate potentials for the operation of
cathode ray tube 496 are obtained from a power
supply comprising battery 522, the positive ter-
minal of which is connected to ground, in series
with a voltage divider 524 to ground.

. _‘The -electron. beam of cathode ray tube 496 is
prightened or intensified during the forward
sweep across the screen from left to right (in Fig.
4) and blanked or turned off during the retrace
by a blanking circuit responsive to the sweep sig-
nal and including vacuum tube 526. This cir-
cuit is similar to those employed in commercial
eathode ray oscillographs as, for example, the
oscillograph identified as model 208 and manu-
factured by the A. B. Dumont Company of Clif-
ton, New Jersey. In this cireuit, a connection is
made through capacitor 528 from one of the hori-
zontal deflection plates and through potentiom-
eter 530 to the control grid of blanking tube 526.
A suitable biasing potential is also applied to this
control grid from divider 524 through series re-
sistor 532. 'The sweep signal as applied to the
control grid of blanking tube 526 comprises a
series of negative saw teeth which become grad-
‘ually more negative during the forward sweep
and return sharply to the original value during
the reverse or retrace sweep. This signal appears

“in the opposite phase across anode resistor 536 of

pianking tube 526 and is applied to a2 differentiat-
ing circuit comprising capacitor 538, and resistor
539 which sharpens the pulse corresponding to
‘the retrace portion of the sweep. The output of
the differentiating circuit is coupled through
‘capacitor 540 to the control grid of cathode ray
‘tube £96. Thus during the forward sweep capac-
itor 538 charges at a constant rate and a substan-
tially constant positive voltage is applied to the
control grid of the cathode ray tube serving to
intensify the electron beam. During the retrace
interval capacitor 538 discharges rapidly and a
negative pulse is applied to the control grid of
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cathode ray tube 496. 'This negative pulse is
sufficient to cut off or blank the electron beam.

Returning now. to a consideration of mask’

518 it will be evident from Pig. 4 that this mask
is identical to that shown in the block diagram
of Fig. 1. Accordingly, it has formed therein s
serles of contiguous openings of decreasing area
arranged in the direction of sweep (from left to
right in Fig. 4). The area of each of the open-
ings is one-half the area of the preceding open-
ing and these .openings taken together have a
stepped profile. It will be recalled that the sweep
deflection ecircuits are so adjusted that during
each code element interval of the received code
group, the electron beam may be caused to sweep
across the screen of the cathode ray tube behind
the opening in mask 5i8 corresponding to the
same portion of the total possible amplitude of
the transmitted wave as the code element signal
being received at the particular time in question.
If a code element signal of the type representing
the presence of a portion of the total possible am-
plitude of the complex wave is present in any
code element interval, it results in the application
of 'a pulse of carrier frequency energy to vertical
deflection plates $66. This overcomes the bias
from potentiometer §16 and the electron beam
is oscillated at carrier frequency and in a vertical
direction for the duration of the time in which
that code element signal is received. Since the
horizontal sweep of the electron beam is synchro-
nized with the received code group, the vertically
oscillating electron beam of the cathode ray tube
strikes the screen thereof immediately behind the
appropriate part of the opening in mask 518.
By way of example, let it be assumed that the
instantaneous amplitude of the complex wave a
particular moment is such that a code group as
shown in Fig. 5 of the drawing is transmitted: fol-

lowing the. synchronizing signal, the first code ¢

element interval at the left of Fig. 5 representing
the largest portion of the total possible ampli-
tude of the complex wave and succeeding code
element = intervals . representing - successively
smaller portions thereof. During receipt of this
code group the electron beam of cathode ray
tube 426 will begin its horizontal travel as re-
ceipt of the first code element signal is initiated.
Since, as shown in Fig. 5, the first code element
interval is occupied by an “on” pulse, the bias
which normally prevents the electron beam of
the cathode ray tube from striking the screen
thereof behind the largest opening in mask 518
is overcome and the electron beam, which is oscil-
lated vertically by the carrier frequency, strikes
the screen behind the largest opening of the mask
as it traverses the corresponding portion of the
Jharizontal sweep. Since that portion of the total
possible amplitude of the wave represented by the
second code element is not present in the wave
represented by the code group of Fig. 5, an “off”
pulse or signal is transmitted. Accordingly the
electron beam will' again be deflected by the bias
voltage on the vertical deflection plates to pre-
vent its striking the screen behind the- second
largest-opening in the. mask and no light will be
transmitted through the mask during the sweep
of the beam across that area. As in the case of
the first “on” pulse, the electron heam is per-
mitted to strike the screen behind the third and
fourth openings in mask- 518. Thus the total
-amount of light passing through mask 58 from
the screen of the cathode ray tube will be pro-
‘portional to the sum of the areas of the first,
third and fourth openings in the mask. - It will
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be recalled that these openings correspond re-
spectively to fixed portions of the total possible
amplitude of a complex wave to which also cor-
respond the first, third and fourth code element
intervais of the transmitted code group. Thus
the total amount of light passing through mask
&8 in response to a code group signal as shown
in Fig. 5 is proportional to the instantaneous am-
blitude of the complex wave which resulted in
the generation of that code group.

It will be noted that in the above consideration
of the operation of the decoder of Fig. 4, in re-~
sponse to the code group shown in Fig. 5, no men-
tion has been made of the synchronizing pulse
or signal. As has been pointed out above, this
signal is conveniently transmitted either at the.
beginning or the end of each code group. Thus
mask 5{8 may be so shaped that the synchroniz-
ing pulse occurs either before or after the elec-
tron beam of cathode ray tube 496 traverses the
portion of the screen behind the perforations of
the mask during its sweep across, the screen.

In the preceding description it has been as-
sumed. for convenience of illustration that the
code element signals are transmitted in the order
of decreasing amplitude of the portions of the
complex wave amplitude which they represent.
These code elements may be transmitted in the
reverse order.or in any arbitrary order if desired.
In such cases it is necessary only to replace mask
518 with a mask in which the severa] perfora-
tions or openings of different areas are arranged
in the direction of sweep in the same way as the
code element signals are arranged in the trans-
mitted code groups. - 'Then the decoder will oper-
ate in the manner described above and the total
amount of light passing through the new mask
will again be. proportional to the instantaneocus
amplitude of the complex wave represented by
the code group.received. '

The light passing through mask 518 is focussad
upon the- anode of a photoelectric tube 54! by
a-lens system shown. diagrammatically at 542

‘Wwhich may comprise any suitable arrangement of

lenses effective- to form an image of the mask
on the cathode thereof. The output signal from
photoelectric tube 541 varies-in amplitude with
the amount of light falling on its cathode and
thus the total output for a code group is Propor-
ticnal to the instantaneous value of the trans-
mitted complex wave. This output signal is cou-

‘pled- through transformer 544 to an amplifier

shown herein as. a single stage pentode amplifier
546 with constant screen voltage, although, other
types of amplifiers acting as. constant current
sources may be employed for this purpose. The
output. of amplifier 546 is coupled through trans-
former 548 to a low-pass filter comprising induc-
tor 589 and capacitors 552 and 554 connected in
a shunt-terminated arrangement. This. filter ef-
fectively removes from the output signal of am-
plifier 346 components of code group and code
element; frequencies, so that its output which is
coupled through transformer 556 to headphones -
958 is of audio frequency, all other components
having heen eliminated. It will be understood
that other forms of terminal equipment such
as repeaters, amplifiers, loudspeakers, or other
transducers may- be. substituted for headphones
558. ) . :

What is claimed is:

1. In a communication system ‘which includes
means at the transmitter for producing pulse
code modulation signals representative.of instan-
taneous amplitudes of a message wave and com-
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“prising code groups of individual elements each
having any of a plurality of values, and in one
of said values representing a fixed portion of the
total possible amplitude of said message wave, a
receiver for said signals which includes a decoder
comprising a cathode ray tube, means controlled
by said individual signals permitting the electron
‘beam of said cathode ray tube to reach a chosen
area on the screen of said tube only when a sig-
nal‘of value representing the respective portion
of the amplitude of said message wave Is re-
ceived, means for sweeping the electron beam
across the chosen area of said screen during the
time occupied by a code group, a mask mounted
over said chosen area and shaped to permit pas-
-sage of-an amount of light from said screen
awhich is for each signal time during the sweep
of the electron beam across the screen propor-
tional to the portion of the message wave ampli-
tude represented by the signal being received at
‘that time, and means for generating an output
‘varying in amplitude as the total amount of
light transmitted through said mask.

. 9.In a.communication system which includes
.means at the transmitter for producing pulse
code modulation signals representative of the
instantaneous amplitude of a message wave and
‘comprising successively transmitted code element
signals each of which may have either of two
values, one value denoting the presence of a
.different fixed portion of the amplitude of said
message wave and the other value denoting the
-absence of said portion, a decoder which com-

prises a cathode ray tube, a mask over the screen

thereof shaped to define light transmitting areas :

proportional respectively to said portions of the
message wave amplitude and disposed in line
across the mask, means for sweeping the electron
beam of the cathode ray tube across the screen
to complete a single sweep during the time occu-
pied by a code group, means permitting the beam
to strike the screen behind a light transmitting
area of said mask only if the signal corresponding
to the same portion of a message wave amplitude
is of said one value, and means for generating
‘an output which varies with the total amount of
light transmitted through said mask.

3. In a communication system including
means at the transmitter for producing pulse

code modulation signals representative of the ;

instantaneous amplitude of a message wave and
‘coniprising 4 fixed nuiber of code element sig-
nals transmitted in a predetermined order, each
of said signals being of one of two types, one

type denoting the presence of a different fixed -;

portion of amplitude of said message wave and
the other type denoting the absence of that
portion, a receiver for said pulse code modula-
tion signal comprising a cathode ray tube, a mask
mounted over the screen thereof and shaped to
define light fransmitting areas proportional re-
spectively to said portions of message wave am-
plitude and arranged across the mask in the
same order as the order of transmission of said
signals, beam deflection means effective during
the receipt of each code element signal of said
one value to direct the electron beam to that part
of the screen behind the light transmitting area
corresponding to the same portion of amplitude
as the signal and effective during receipt of code
element sighals of said other value to direct the
beam away from parts of the screen behind light
transmitting areas of said mask, and means for
generating an output proportional to the total
amount of light transmitted through said mask.
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- 4. In a communication system having a trans-
‘mitter and means thereat for producing pulse
code modulation signals representative of the
instantaneous amplitude of a message wave and
comprising a fixed number of two-valued code
element signals, each of which in one value rep-
resents the presence of a different fixed com-~
ponent of the amplitude of said message wave

.and in the other value represents the absence of

that component, a receiver for said pulse code
modulation signals comprising a cathode ray
tube, a mask mounted over the screen thereof
and shaped to define transmitting areas propor-
tional respectively to said components of mes-
sage wave amplitude, means for sweeping the
electron beam of the cathode ray tube across the
mask to strike the screen behind the transmit-
ting area corresponding at any time to the code
element signal being received, means effective
normally to blank the electron beam of said
cathode ray tube, means responsive only to sig-
nals. of said one value to deblank the electron
beam, and means for generating an output signal
which varies as the total amount of transmission
through said mask.’

5. In a communication system having a trans-
mitter for generating pulse code modulation sig-
nals representative of the instantaneous ampli-
tude of a message wave and comprising a plu-
rality of two-valued signals each of which in one
value represents a fixed component of the total
possible amplitude of said message wave and
in the other value represents the absence of such
component, a receiver for said pulse code modu-
lation signals including, a decoder which com-
prises a cathode ray tube, a mask mounted over
the screen thereof and shaped to define light
transmitting openings of constant width and
varying areas proportional respectively to said
components of message wave amplitude, means
for oscillating the electron beam of said cathode
ray tube in a direction normal to the width of
said mask openings, means for sweeping the
electron beam in a direction parallel to the width
of said mask openings to strike the screen of the
cathode ray tube behind the light transmitting
area corresponding to the same component of
tHe message wave amplitude as the signal being
received at any time, means for turning on the
electron beam during receipt of signals of said
one value, means for cutting off the electron

‘beam during the receipt of signals of said other

value, and means for generating an outvut pro-
portional to the total amount of light trans-
mitted through said mask.

6. In a communication system including a
transmitter, a receiver, means at the transmitter
for generating pulse code modulation signals
comprising code groups of bi-valued code ele-
ment pulses, and means for modulating a carrier
wave by said signals, the pulses of one value
representing different fixed portions of fhe am-
plitude of a message wave to.be transmitted and
pulses of the other value representing the ab-

5 sence of these portions, means at the receiver

for decoding said pulse code modulation signals
comprising a cathode ray tube, a mask mounted
over the screen thereof and having openings
therein respectively proportional in area to said
portions of message wave amplitude, means for
sweeping the electron beam of the cathode ray
tube so that it falls for each code element pulse
upon the screen behind the opening mask cor-
responding to the same portion of message wave
amplitude, means for normally cutfing off the
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electron beam of the cathode ray- tube, means
for- demodulating: the. transmitted signal, mesns
for applying the demodulated pulses of said one
value to the control grid of the cathode ray tube
to turn on said electron beam, and means for
generating an output signal proportional in
-amplitude fo the total amount of light passing
through said mask. :

7.In a communication system. including a
transmitter and a receiver; means at the trans-
mitter for generating pulse code modulation sig-
nals representing the instantaneous amplitude
of a. message wave and: comprising a fixed num-
her of successively transmitted: two-valued sig-
nals, each of which in one value denotes the
presence of a different fixed portion of the ampli~
tude: of said message wave and in the other value
represents. the absence. of: that portion, a decoder
for said pulse code modulation. signals at the.re-
ceiver comprising- a: cathode: ray tube, a mask
over the screen thereof having openings therein
of widths proportional: to: the portions of the
message wave amplitude and:arranged across said
mask in. the order of transmission of the corre-
sponding signals, means normally- deflecting the
electron beam: of the cathode ray tube to sweep
across the screen to strike areas other than those
behind the openings in said mask, means ef-
fective only upon the receipt of signals of said

one value to deflect the beam: for sweeping across

the screen behind the mask: openings correspond-
ing respectively: to said signals of said one value,

and means for producing an output signal which

varies with the. total amount of light transmitted
through said mask:

8. In a communication system including means
at. the transmitter- for producing: pulse code
modulation signals representing: the instanta-
neous amplitude: of a message wave and compris-
ing a fixed number of bi-valued.signals represent-
ing components. of the message wave amplitude
which are related as. decreasing powers of two,
said signals in one value indicating the presence
of said components: in the message wave and in
the other value representing the absence of said
components, means at the receiver for decoding
said pulse code modulation signals comprising a
cathode ray tube, means for sweeping the elec-
tron beam of the cathode ray tube across the
screen thereof, a mask mounted over the face of
the cathode ray tube having therein light trans-
mitting openings: arranged- in the direction of
sweep and each having an area one-half that of
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the preceding opening, and means: for- deflecting
the electron beam of the cathode ray tube to
strike the screen thereof behind. only those.open-
ings in the mask corresponding to components of
message wave amplitude for which signals of said
one value are received; and means: for-generating
an output signal corresponding-in amplitude to
the total amount of light transmitted through
said mask. L

9. In a communication system having trans-
mitting and receiving stations and means. at the
transmitting station: for generating  pulse. code
modulation signals representative of the instan-
taneous amplitude of a message wave and. com-~
prising a fixed number of code element signals
transmitted in arbitrary order, said signhals hav~
ing either of two values, one value denoting the
presence of a fixed portion of the total possible
amplitude of the message: wave and: the other
value denoting the absence of said portion, a de-
coder for said pulse- code modulation signals at

. 5aid receiving station comprising a cathode ray

tube, means. for sweeping -the electron beam

‘across the sereen. thereof during the receipt of a
‘code group, a mask mounted over said screen
having therein light. transmitting openings of

areas proportional respectively to said: amplitude
portions, said openings being arranged in the. gi-
rection of sweep in the same order as that in
which the corresponding code element signals are
transmitted, means deflecting the electron beam
of said cathode ray tube to strike. the sereen
thereof only behind mask openings for which cor-
responding signals of said one value are received,
and means for generating- an: output signal Pror
portional to the total amount of light passing
through said mask:
: GEORGE HECHT.
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