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30 Claims. 

1. 
This invention relates to communication Sys 

tems for the transmission of complex Wave forms 
of the type encountered in speech, music, Sound, 
mechanical vibrations and picture transmission 
by means by means of code groups of a uni 

form number of signal impulses of a plurality of 
different types or signaling conditions trans 
mitted at high speed. 
The object of the present invention is to pro 

vide a communication system capable of trans 
mitting and reproducing with high fidelity a com 
plex wave form over an electrical transmission 
path in such a manner that the signal-to-noise 
ratio of the received signal is materially improved, 
the frequency band width required for the trans 
mission of the signals being held at the same time 
to a minimum. 
Another object of this invention is to provide 

improved and simplified methods and apparatus 
capable of transmitting and receiving signal in 
pulses Over a noisy channel and deriving there 
from signals having a high signal-to-noise ratio. 
More specifically, it is an object of the present 

invention to provide methods of and circuits and 
apparatus for transmitting in succession a group 
of pulses in sequence representative of the ampli 
tude of a complex Wave at Successive instants of 
time. 

It is a further object of the present invention 
to provide improved apparatus for determining 
the code to be transmitted to represent each of 
a large number of different amplitudes without 
the use of complicated counting circuits, arrange 
ments and equipment. 

Still another object of the present invention 
is to transform a series of pulses representing the 
amplitude of a complex Wave at a given instant of 
time into a single pulse having an amplitude 
which is a function of the amplitude of the 
original complex Wave at the given instant. 
Another object of this invention is to recom 

bine a succession of such single pulses of varying 
amplitude in a manner to reconstruct a wave 
form of substantially the same shape as the Wave 
form to be transmitted. 
A feature of the invention relates to a sam 

pling apparatus for Sampling a complex Wave at 
frequent intervals of time. 
Another feature of the present invention re 

lates to methods and apparatus for determining 
the magnitude of an electrical quantity and 
transmitting a series of pulses representative of 
said magnitude. 
Another feature of the invention relates to 

methods and apparatus for building up an elec 
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2 
trical quantity which is simply related to and a 
measure of the amplitude of a sample of a com 
plex Wave at a given instant. This quantity 
may take on the nature of an attenuation, con 
Veniently expressed in decibels. 

Still another feature of this invention relates 
to methods and means for building up of this 
electrical quantity step by step by a multiplica 
tive or a divisive process i. e., on a non-linear 
basis to a total which is a function of to the 
amplitude of a complex Wave. 
Another feature of the invention relates to 

the use of attenuation to be so built up by an 
additive or subtractive process on a decibel basis 
to the total required thus obtaining the equiva 
lent of a compression of the signal. 
Another feature relates to the transmission of 

information, in the form of a code, regarding 
each attenuation introduced or withdrawn. 

Still another feature relates to methods and 
means for receiving such transmitted informa 
tion, decoding and translating it to finally yield 
a Wave form which reproduces with high fidelity 
the original complex wave. 
Other features of the invention relate to syn 

chronizing and coordinating the various circuits 
and equipment at the transmitting terminal with 
each other and with the circuits and equipment 
of the receiving end so as to secure proper op 
eration of the entire system. 

Briefly, in accordance with the present inven 
tion, equipment is provided for generating a con 
trol pulse or a group of pulses of predetermined 
time relation one with another. These control 
pulses are employed to control a code element 
timing circuit which circuit in turn generates a 
Series of very short pulses some of which are posi 
tive and Some negative and some a Combination of 
the two. 
Apparatus is also provided for Sampling or de 

riving an electrical quantity which is a function 
of the amplitude of a complex wave to be trans 
mitted, this sampling means being under con 
trol of the control pulse generator. For each of 
the control pulses a code element timing circuit 
generates a Series of code element timing pulses 
and these in combination with the Sampling 
means derive an electrical quantity having a mag 
nitude related to the magnitude of the COmplex 
Wave at the time of the control pulse. 
This electrical quantity, as illustrated herein, 

takes on the character of an attenuation which 
may be varied step by step, Operating on the com 
plex Wave sample and being controlled by a re 
sidual from the sample after attenuation to de 
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termine the next step of variation in the attenu 
ation. More specifically, the electrical quantity 
is in the nature of a plurality of resistances of 
different magnitudes which may be added to or 
Omitted from the circuit in such combinations as 
to yield an attenuation related to the magnitude 
of the complex wave at the time of the control 
pulse. The amount of attenuation is tested from 
instant to instant as a smaller and smaller 
change is made in its value to see whether, with--10 
in a certain reference limit and at each step, it 
is in excess of or is below the desired magnitude. 
If, for example, the attenuation after any change 
is such that when operating in connection with 
the complex wave sample the attenuation is in 
excess of the desired value, the last previous 
change is removed, but if the total attenuation 
is below the desired value, the last change is left 
in and the next smaller change is introduced for 
trial. In the specific illustration of my invention 
given herewith this plan is followed and if the 
magnitude of the attenuation due to the last ad 
dition leaves a residual of the complex waveless 
than an arbitrary reference level, then the last 
added element of attenuation is removed and an 
'on's signal is transmitted. If the addition still 
leaves a residual above the reference-level, then 
it remains in and information to this effect is 
passed to the remote point by the absence of a 
transmitted signal, i.e., an 'off' signal; the iden 
tification of the information being specified by 
the time at which the informational pulse is 
transmitted or not transmitted. 
This form of comparing the sample with the at 

tenuation is then carried on step by step to as 
far a point as may be desired and in any case to 
an extent so that the granularity of the "signal 
finally reproduced at a receiving point will be 
within the limits of fidelity contemplated for the 
System. 
While thus setting up a code of “on' and 'off' 

pulses completely characterizing the amplitude of 
each Sample of the complex wave, this code of 
pulses is transmitted." Since the amplitude of 
the sample" is completely defined by the code 
combination of pulses: the receiving equipment 
is required" only to determine, in the first in 
stance, the character of each pulse i. e., whether 
it is an “on' or an “off” pulse. Consequently as 
long as the received pulses are sufficiently above 
the noise: level to permit their character to be 
accurately determined by the receiving equip 
ment the origin and nature of the noise as well as 
the origin and nature of the amplitude and other 
distortions of the transmission path including 
repeaters, if any, are of little or no effect because 
such noise and distortions do not change - the 
code combinations. 
In addition at the receiving station a control 

pulse generator, a code element timing generator 
and a system of attenuations to be introduced or 
not introduced, all analogous to those of the 
transmitting station, are provided. In addition, 
decoding apparatus is provided in which the re 
ceived pulses are employed to produce an electri 
cal quantity having a polarity and magnitude 
similar to those of the complex Wave sample of 
the transmission end of the system and thus the 
complex wave is reconstructed from a succession 
of such reproduced wave samples. 
The invention itself both as to its organization 

, and method of operation together with other ob 
jects and features thereof will be better under 
stood from the following description taken with 
the accompanying drawings in which: 

5 

4 
Figs. 1 and 2 show in function functional 

block form the various elements and the manner 
in which they cooperate to form an exemplary 
communication System embodying the present 
invention. Figs, 3 and 4 illustrate the timing and 
nature of the pulses and waves characteristic of 
my System. Fig. 5 is explanatory of the method 

the amplitude of a complex wave sample. 
and apparatus used for measuring or determining 

Figs. 
8 to 13, when positioned as shown in Figs. 6 and 
7, give in detail the various circuits and equip 
ment of an exemplary system embodying the pres 

:-ent invention. Fig. 14 relates to a modification 

5 
of a portion of Figs. 9 and 11. 

Referring more specifically to Fig. 1 let M be a 
modulating function representative of any com 

i-plex Wave. Such as a speech, telegraph of picture 
wave, a Small portion of which is indicated by 
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curve 30 of Fig. 3. A coder or modulator sends 
out a series of signals after each of the times 
tim, tm+1=tm+T; tin-i-2=tm--2T and so forth. Each 
Series following a pulse which samples the wave, 
consists of 1--n signals of the "on'-'off', variety. 
(The signals need not be on or off but each signal 
distinguishes between two positions called “on' 
and 'off.' These might be positions of time, fre 
quency or amplitude. “On'. might be trans 
mitted as a current being 'off' and "off as that 
of current being 'on.') . The first signal of the 
Series or group is used to tell the polarity of the 
function M at the time the sample's was taken. 
The next n signals of the group specify the mag 
Initude of M: at the time, the sample - was taken 
With respect to Some arbitrary reference level of 
voltage or current. - These in signals may be of 
Such a character, and ISO combined (advanta 
geously on a binary system and so described in 
this specification for illustrative purposes)...as to 
represent a large number of different amplitudes. 
Thus, for the case of eight signals there-may-be 
sent, betweentm and tim+1, the series of signals 
on; on; on, off, on, off, on, off, or 00010101. - The 
first Zero carries the information that M. is of 
negative polarity and the remaining signals that 
M is of -amplitude 10.5 decibels above reference 
level, this value being obtained by binary. count 
ing. r. Here the Smallest -element of change- has 
been taken as one-half decibel. 

: One. Specific means for obtaining Such a series 
of Signals is illustrated in the block diagram of 
Fig. 1. The over-all functioning will be de 
Scribed first and the possible nature of the block 
units will be described later. 
While the functions described could be carried 

Out Without frequency. Conversion, grounding 
problems are-simplified, by first impressing the 
modulating function M on a balanced modulator 
I of Fig. 1, together. With the output of a local os 
cillator il of frequency fo, high-compared. With 
the frequencies occurring in M. ... At the time tim 
shown on Fig. 3, a pulse which Will be referred 
to as an M. pulse, from a pulse generator WI: is 
impressed on modulator. I. During the interval 
between tims and tim+1, when another M pulse is 
impressed on nodulator , the output, current. Im 
has a frequency fo and an amplitude proportional 
to M at tim, being plus when M is plus attm, and 
minus when M is minus at tm. At’tmi another 
Sample of the complex Wave is taken and for the 
next interval T the modulator output has the 
Same frequency fo and the new amplitude. This 
is indicated in Fig. 3 in which the second line 302 
ShOWS the potential across a condenser (later to 
be described) and the third line 303 shows the 
oscillations of frequency fo associated with the 
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successive M pulses. It should be noted that if 
M is negative, as in the last group shown in line 
, this is recorded by a reversal of phase of the 
modulated current of frequency fo. 
Im is fed to a homodyne detector IV associated 

With attenuating devices A1 ... An. Local oscilla 
tor power from II is also supplied to IV. At the 
Output of IV there is obtained a voltage or cur 
rent which increases when M increases, is minus 
When M is minus and is plus When M is plus, al 
though this output need not be linearly propor 
tional to M. 
The output of IW goes to polarity and amplitude 

detector W. This serves two purposes. First, aft 
er a pulse is applied to modulator I at tm and 
after a resetting pulse, later to be described, puts 
the attenuation of attenuator III at a minimum, 
a pulse is applied to W. If the polarity of M at 
tim is negative an impulse is sent to the trans 
mitter VII and this, preferably in conjunction 
With a pulse from VI, causes the transmitter to 
send an "on' signal. If the polarity of M at tim 
is positive W sends no impulse to transmitter VII 
which in turn emits no signal, meaning 'off.' 
Second, the detector W Serves to measure the Out- 2: 
put of the homodyne detector IV and to control 
the operation of the attenuator III in response 
thereto, as Will be later described in detail. 
The attenuation of the attenuator is controlled 

by a number of resistances R1, R2 . . . Rn. 
have “on' and 'off' conditions corresponding to 
the digits of the binary numbers Specifying the 
level of M at tim or other sampling time With re 
spect to the arbitrary level. Thus, in the ex 
ample previously given of 1--n=8 the amplitude 3 
is specified by 7 digits. If one of them is beyond 
the binary “decimal' point then turning the vari 
ous attenuations A 'off' and “on' in this case 
changes the attenuation by the amounts listed 
below: 

A1, 32 db. A5, 2 db. 
A2, 16 db. A6, 1 db. 
A3, 8 db. A7, 5 db. 
A4, 4 db. 

These seven attenuations are thus capable of 
producing attenuations covering a range of 63.5 
decibels in one-half decibel steps. Addition of 
one such channel roughly doubles the decibel 
range of attenuation available. 
The attenuators A1 . . . An are controlled elec 

trically by control circuits C1 . . . Cn. These con 
trol circuits derive input from (a) the pulse gen 
erator WI and (b) the amplitude output of polar 
ity and amplitude detector W. 
The character and timing of these pulses are 

shown in Fig. 4 which is an expansion of the time 
interval between two sampling pulses or the time 
required for one cycle of operation. Here the 
second time interval T is shown. The negative 
portion of the M pulse resets the modulator I 
and the positive portion immediately thereafter 
takes the sample of the complex wave. At the 
same time the initial negative pulse shown on 
each of the curves 1-n of Fig. 4 places all A's 
in the minimum attenuation position. In the 
meantime the sample of the complex Wave Op 
erates on the homodyne detector IV. 

For instance, at tm--1 a setting pulse place all 
A's in the minimum attenuation position. Then 
a polarity pulse P is applied to V and the polarity 
of M at tml is transmitted. Following this a 
positive pulse is applied to C1. This changes A1 
and puts in say 32 decibels of attenuation. In 
mediately thereafter a negative pulse is applied 

These : 
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6. 
to C1. If the amplitude of the output of IV is still 
above the arbitrary level upon the insertion of 
attenuation the position of A1 does not change 
and the attenuation stays in. No pulse is sent 
to the transmitter VII and no signal is sent, in 
dicating 'off.' If, however, the amplitude falls 
below the arbitrary level on the insertion of this 
attenuation, the position of A1 is changed back by 
the negative pulse and at the same time a pulse 
is sent to the transmitter VII. This, perhaps in 
combination. With a pulse from pulser WI, causes 
VII to send an “on' signal. 

Next, positive and negative pulses are applied 
in turn to C2 . . . Cn resulting in either the inser 
tion of the steps of attenuation they control and 
transmission of 'off' signals or in the insertion 
and subsequent removal of the respective atten 
ulations and transmission of "on' signals. 
After the 1--n signals specifying the polarity 

and amplitude at tim+1 have been sent, WI sends a 
resetting pulse to the controls C1 . . . Cn. This 
puts all A's at the minimum attenuation position. 
This pulse sends a marker signal T from the 
transmitter denoting the end of one interval and 
the beginning of the next. This pulse is simul 
taneous with the negative pulse applied to modul 
lator I. 

In a review of the system it will be convenient 
to refer in further detail to Figs. 3 and 4 showing 
the pulses required from the pulse generator WI. 
At the top there is shown a series of pulses con 
ing over the channel M to the modulator I and a 
sample 362 of the complex signal Wave 3 at the 
instant of each modulator pulse is taken. Oper 
ating on electrical elements the Sample causes 
the modulator to emit, until pulsed again, a cur 
rent IM of frequency fo and amplitude propor 
tional to M at the Sampling time, All this is 
indicated in the second and third lines of Fig. 3. 
A polarity pulse Supplied to polarity and ampli 
tude detector Warrives an interval later and this 
is succeeded by pulses over channels f, 2 . . . n. 
which operate on the attenuators A1 . . . An. 
There may also be a pulse channel T to the trans 
mitter as shown in Figs. 8, 9 and 10, necessary if 
the 'o' signals are transmissions and not merely 
Omissions. All this is shown in Fig. 4 which is an 
expansion on a time basis of one of the sampling 
periods of the system. 
At the time of the M pulse, channels to n. 

are pulsed with Strong negative pulses setting 
A1 . . . An in the minimum attenuation posi 
tions. Next the polarity and amplitude detector 
W is pulsed by the polarity pulse P. This results 
in pulse to transmitter VII if the polarity is 
negative and an "on' signal from the transmit 
ter, or no pulse to VII if the polarity is positive 
and an "off' signal from the transmitter. 
The n amplitude channels are pulsed in se 

quence; first positive and then negative. The . 
positive pulse inserts attenuation, the negative 
pulse removes attenuation if the attenuated out 
put of IV has fallen below the arbitrary level and 
in doing so sends an "on' signal, otherwise the 
attenuation stays in and there is an 'off' signal. 
As shown in Figs. 8, 9 and 10, the channel T 
applies pulses to transmitter VII at all times 
whether an "on,' 'off' or a “marker' signal is to 
be used. These pulses will give an “on' signal 
from the transmitter in combination with a pulse 
from A1 . . . An or W. 
While a number of different types of devices 

may be contrived to perform the functions of the 
representative blocks of Figs, 1 and 2 a better 
understanding of the invention will be obtained 
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by specific illustrations of circuits to accomplish. 
the desired, ends. These will now be described ) 
but it is to be understood that they are illustras 
tive only and that my invention is not limited to . 
the specific circuit; arrangement shown. . 
For a description of the transmitting end of . 

my system reference.should be made to Figs. 8, 9 
and 10, in which the various block components of 
Fig.1 are represented by the same Roman num 
bers. - 

The's complex; wave, to be tranSimitted is .int. 
0. 

pressed on the balanced modulator System:I, this 
complex. wave having come from any suitable 
source such as a microphone 835 through appro 
priate terminal equipment: 836. it is then San 
pled periodically and goes through the process to 
be described in further detail. 

Puise generator 
It will be advantageous to now describe the 

pulse generating system.V.,. One: form of which is 
shown in detail in Fig. 10... The first, controlling 
element in this portion of the System, is a relaxa 

20 

tion oscillator comprising a gas. tube: i). This 
relaxation oscillator is of a form Well known in 
the art and includes a resistance...if for charg 
ing a condenser of 2 from the battery 3. AS 
suming, that, to start with, the condenser 02 is 

25 

discharged then on closure of the circuit it is 
charged at a rate determined by the resistance 30 
Ot. When the potential of the condenser and 

consequently of the plate of tube 8 rises to a 
“firing' value, the condenser suddenly discharges 
through the tube, and resistor 4; The dura 
tion of the discharge is short and gives rise, to a 
sharp positive pulse across the resistor? A. The 
duration of this pulse and the rate at which it is 
followed by identical pulses can be completely 
controlled by the parameters of the circuit; in 
particular, by the values of the elements 3 - to 
it 4 taken with the potential of the grid of tube: 
020 as determined by the potentiometer ) 5. 

While any of several forms of relaxation circuits. 
may be used at this point the one ShoWn is simir 
ple and satisfactory. Its operation is more fully 
described in many places, Such as oil page 184 of 
“Ultra-High Frequency Technique,' by Brainerd 

35 

40 

45 

et al., published by Van Nostrand Company, 1942. 
The positive pulse from 4 is now used to 

control the emission of pulses to various parts of 
the circuit. This is accomplished by connecting 
across the element & a delay circuit 66 inade 
up of identical Sections of inductance and ca 
pacitance. connected seriatin. A positive pulse 
travels through this network, this time of arrival 
at each section being uniformly Spaced and giv 
ing rise to corresponding positive and negative 
pulses going out over channels , 2 . . 
purposes to be described. The delay network is 
terminated by a load 40 of proper value to Sup 
press any reflected wave. 
The parameters of the relaxation , Oscillator 

may be adjusted so that...pulses are derived across 
resistance. G4 at any frequency desired. For 
the purposes of my invention it is preferred to . 
have a sampling frequency, higher than that of 

... n for . 

55 

60 
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the highest frequency, component. in the complex 
wave to be transmitted. 
wave, is to be a speech wave and it is desired to 
transmit all components up to 4,000 cycles then 
there should be at least two samples per cycle of 
this highest frequency component. A suitable 

If, for example, this. 

value, therefore, for the relaxation oscillator 
frequency would be 8,000 cycles although: a 
higher value...may be used if desired." 

8. 
By means of the delay circuit or "timestick". 

1016, one has available at the ends of the respec-...- 
tive: sections, positive, pulses similar to that ini-. 
tiated in O4 and spaced in time, one after the 
other, by an interval determined by the elements 
in a section of the timestick. At time tims, when 
the pulse is formed at f Of4 it is transferred im 
mediately to tube E020 and is then transferred to... 
modulator I as the Mpulse of Fig. 3. The func 
tion of this pulse will be described hereinafter, 
At one element of time later the positive pulse. 

from Of 4 will have reached the point P on their 
timestick and this will be identified as the P pulse. 
This P. pulse operates on the grid of tube fo?. 
to give a positive. pulse. over the resistor 022. 
which pulse is transmitted to the polarity and 
amplitude detector V, appearing there as a posi 
tive pulse of a form and at a time indicated by 
line P. of Fig. 4. 
At the end of succeeding; elements of time the 

positive pulse from (4 will arrives at points: 
f, 2 . . . n of the timestick and then are trans 
ferred respectively to the grids of tubes 8, 1982, 
383, etc. Each of these pulses in its Subsequent. 

path is converted into a positive-negative pulse . 
in a manner and for the purpose-hereinafter de 
Scribed. 
In addition to these pulses it is desired to send 

a group of corresponding pulses to the transmit 
ter VII which pulses will be identified as Tpulses. 
and are indicated in the bottom-line of Fig. 4. . It 
Will be noted that the first, pulse in this cycle is... 
longer and of greater amplitude than the subse- c. 
quent pulses, this for reasons which will appear: 
later. The first pulse may, for; instance, be ap 
proximately; twice: the length of the subsequent. 
pulses. For the formation of the pulses a chain 
of tubes 1024 to. 029. is provided... The grid of. 
tube O24 is operated on directly by the pulses." 
from M. In the cathode circuit there is in 
cluded the resistance f 3i paralleled by the con 
denser f32. A positive pulse is generated across 
f83 and the duration of this pulse... would ordi 
narily be the same as the duration of the Mpulse. 
However, the addition of a condenser 32 Will 
lengthen this pulse and the condenser is so 
chosen: as to approximately, double the duration. 
The positive pulse from 03 is applied to the grid. 
off O25, the cathode circuit of which includes the , 
resistor 030. There is then transmitted over the . . 
T channel to the transmitter VII, at the time of 
the M pulse. On the timestick a positive pulses of 
approximately twice the duration of the Mpulse. . 
The relative magnitude of this pulse can be con- . . 
trolled by adjusting the resistance. 9 in series: - 
with the timestick to 6. As the positive pulse 
over, 0.4 reaches successively the points P, . 
, 2 . . . n the grids of the tubest? G2G to 029 are . 
operated upon and set up positive pulses across. . 
030. which is a common cathode resistor for all 

the tubes fo25 to fo29. Consequently there is : 
transmitted the desired series of positive pulses: . . 
to the transmitter VII indicated in Fig. 4. For the 
purpose of Synchronizing these pulses with the st 
remainder of the equipment, delay circuits may. 
be introduced wherever necessary: One such de 
lay circuit is shown in the Tchannel at f 59. 

Following the Mpulse and the . P pulse the 
number of sections in the timestick will usually be 
made equal to the number of digits required for . 
Setting up the amplitude code to be transmitted . 
from VII. If there should ben of these then the 
number of possible codes by permutation of 'on'- 
and 'off' signals would be 2n. Thus, if the num 
ber of digits in the code is seven this will make ... 
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possible 128 combinations, so that in the system 
it will be possible to discriminate between ampli 
tudes of 128 different values. 
Associated with conductor for the timestick 

and tube 08 is a circuit comprising tube 06 
and transformer 107 ?. The tube foG is shown 
as a double triode. The grid of the left-hand Sec 
tion of this tube receives a relatively large posi 
tive pulse at tm which is then converted at the 
plate to a negative pulse. This negative pulse is 
transferred through transformer 97 as a nega 
tive pulse to the control of the corresponding at 
tenuation device device A in Fig. 9 and serves 
as hereinafter described to set this attenuation 
element to a minimum attenuation. Shortly 
thereafter a positive pulse arriving over conduc 
tor to tube 98 is inverted and appears as a 
negative pulse on the grid of the right-hand sec 
tion of tube 06. However, the load circuit of 
tube O8 includes the inductance 09 which 
causes the negative pulse generated on the plate 
of 98 to be immediately followed by a positive 
pulse So that the pulse arriving on the grid of 
the right-hand section of 96 is a negative-posi 
tive pulse. This pulse in turn is inverted by the 
right-hand section of tube C6 to a positive 
negative pulse which is then transmitted through 
the transformer 7 to the control circuit of at 
tenuator A. The character and timing of this 
positive-negative pulse is that indicated in line 
of Fig. 4. 
A similar circuit is associated with each of 

the conductors 2, 3 . . . n to give at the time of 
the M pulse a relatively large negative pulse to 
the corresponding attenuation control devices set 
ting each attentiator to a minimum attenuation 
and at a later time transmitting a positive-nega 
tive pulse to the control devices of the respective 
attenuators in the same manner and at times 
indicated by lines 2-n of Fig. 4. 

Various electrical elements appear in the cir 
cuit associated with each of the tubes thus far 
described. Thus across the primary of the trans 
formers fell, etc., there appear the resistor r1,r2, 
and r3. These are present elsewhere also and they 
are for the purpose and of a value to sharpen the 
pulses which are transmitted by the correspond 
ing transformers and to suppress their differenti 
ating action, thus preventing the setting up of an 
additional reverse pulse. Other elements all serve 
purposes well known to those skilled in the art 
and need not be described further. 

Modulator I 
A description will now be given of the modula 

tor circuit I as shown in Fig. 8. A complex wave 
made up of numerous freouency components, the 
highest one of interest being for the present 
taken as 4,000 cycles, arrives at the primary of 
transformer 810. At time tin a rositive pulse ar 
riving on the grid of tube 020 is inverted by 
transformer to 9 and is impressed as a negative 
positive pulse on the plate and cathode of diodes 
8 and 812. The negative pulse causes current 
to flow through 82 and discharges condenser 
84. When the positive pulse arrives immedi 
ately thereafter it causes current to flow through 
8 charging the condenser 8? 4 to a definite po 
tential, this potential being equal to this positive 
pulse plus that of the amplitude of the complex 
wave Mattm minus a constant bias potential de 
termined by battery 86. The grid of triode 829 
is held at this potential minus a bias potential 
due to 82 until another pulse is applied at tm1. 
The output of the amplifier tube 820 appears as 

5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

10 
a voltage across the resistance 825 and controls 
the operation of a conventional balanced modu 
lator of any suitable form. As here shown it in 
volves two varistors v1 and v2. Associated with 
this balanced modulator is also a source of local 
Oscillations II of frequency fo high compared to 
the pulse frequencies present in the system. In 
a manner well understood in the art there will 
appear in the secondary of transformer 830 a. 
wave of carrier frequency fo, the amplitude of 
which will be proportional to the potential across 
resistor 825. The phase of the voltage in the sec 
ondary of 830 reverses as the voltage across 825 
reverses. The output of the secondary of 830 is 
connected to the grid circuit of a pentode 835 
which, in turn, yields an output current Im. This 
current is almost independent of the load con 
sisting of a resistor 900 and an antiresonant cir 
cuit 837 is in parallel and associated elements 
to be described hereinafter. It also gives a pro 
portional voltage cm across the resistor 900. 

Local OScillator II 

The local oscillator II may be any one of the 
suitable forms well known in the art yielding a 
Substantially sinusoidal output of reasonably con 
Stant frequency. 
The load of the pentode 835 includes the plu 

rality of attenuators connected in tandem and 
shown in Fig. 9. These attenuators comprise a 
plurality of tubes 945, 965, etc. connected in tan 
dem the gain or loss being determined by the 
amount of controlled attenuation introduced. 
The purpose of these attenuators is to receive at 
the input circuit of the first attenuator a voltage 
proportional to the current Im and to reduce this 
voltage step by step to, as nearly as possible, a 
certain reference level, all in the manner here 
in after described. ' ' , 

Homodyne detector IV . 
Associated with the last stage of the attenua 

tors is the homodyne detector circuit IV, the pur 
pose of which is to demodulate the arriving cur 
rent of frequency fo. The homodyne detector 
comprises a tube shown as a triode 90, the pur 
pose of which is to serve as an amplifier but still 
more to be of a character to add no appreciable 
attenuation to that which has been introduced in 
the load circuit of the last attenuating pentode 
985. Associated with the output of 90 through 
the transformer 903 is a demodulator circuit com 
prising two varistors 904 and 905. It is supplied 
With Oscillations from local oscillator II. The 
output of this modulator will give a voltage across 
resistor 907 of magnitude dependent on the am 
plitude of Im as modified by the attenuators. As 
long as the high frequency current Im is of one 
phase as represented in the first three sections 
of the third line of Fig. 3 one terminal (say the 
right-hand terminal), of resistor 90T will be posi 
tive and this will be referred to as a positive out 
put. If, however, the magnitude of the complex 
wave takes on a negative value, as shown by the 
fourth pulse of line I, Fig. 3, the high frequency 
wave appearing at the secondary of 830 will re 
verse in phase, still being of an amplitude pro 
portional to the sample. Thus the polarity across 
the resistor 90 T will also reverse. In this way the 
homodyne circuit yields information which later 
is used for detecting the polarity and amplitude 
of the complex wave sample. 

Polarity and amplitude detector W 
The polarity and amplitude detector W is 

shown in the lower box of Fig. 9. If the homo 
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dyne detector output over the resistors. 997 and 
908, is above: some arbitrary, reference level con 
trollable-by bias 92 current flows in one, or the 
other of the triodes. 924 or 925. If the homo 

a dyne:output is in the direction to raise the poten 
tial of the grid of 924 and has sufficient ampli 
tude then the grid of tube.926 will be highly nega 
-tive. Therefore a pulse coming from tube, 02: 
lands applied in the grid circuit through trans 
rformer 927 will cause no pulse in the output of 
tube.926 and no pulse, on the line leading there 
from to the transmitter VII. If the honodyne 
outpu. has the opposite polarity the grid of 926 
will be only slightly negative and the pulse 
rough transformer.92T will cause plate current 

... n. itrary, value in either direction cur 
willflow, in diode 929 because of the drop 

through the respective tube.924 or 925, thus apply 
ing a positive bias to the attenuator controls and 
preventing a negative pulse coming from the 
spulse generator, to any particular control from 

he attenuation. 
Attenuator III 

In Fig. 9- there are shown a plurality of attenu 
Eators and attenuator control-circuits one for each 
digit, in the amplitude code. 
are shown but inasmuch as their action is iden 
stically the same-except for timing, it is necessary 
to deseribe only one of these, identified by the 

it controllable attenuation circuit as A1 and a con 
trelling-circuit as C. r. Each attenuation circuit 
is-associated with the coupling.circuit between a 
pair of tubes 945, 965, etc. These tubes are shown 
as essentially constant current devices and the 
voltage which is passed from One tube to the next 
is proportional to the impedance of the coupling 
-network. By controlling the resistance of the 
-grid resistor in that network any degree of at 
tenuation may be obtained. 

Each of the tubes; 945, 965, etc. will have a gain 
Awhich is determined among other things by the 
"impedance of the coupling network from one tube 
1 to: the next. This will be a maximum when 'no 
*attenuation' is introduced and the Over-all gain 

-resistor,922. caused by the flow of current 

Three such units 

10 

5 

for the series of tubes under this condition will 
be assumed as definite and will take on any pre 
determined value from say 1 to as high a figure 
as desired. When reference in this specification 

..is naade to attenuation, it is understood that this 
refers to the attenuation... or “loss' in decibels 
from that predetermined-gain. 
'The attenuation, circuit is essentially a shunt 

..feedback-amplifler." It includes the resistances 
R1 and R1 and connected in series, the inter 
mediate point being-connected to the three-stage 
amplifier including -the-tubes 94t, 942 and 943 
with resistance capacitance coupling, there being 
a feedback connection from the plate of the last 
stube 943 through condenser 944 to the grid of 
94. It will be appreciated that some other-form 
of coupling, as antiresonant coupling may be 
-used. There is either zero, or a very large gain 
around the loop depending on whether the -con 
trol voltage applied to terminals a, and b cuts off it. 
- one or more tubes in the loop or allows them to 
operate. In this instance the loop is opened by 
a sufficiently high negative bias on the grid of 
tube 942. Under, these conditions the coupling 
resistance of A1 frem tubes .945 to .965, is essen 

Gis 
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tially R1--R1 and the attenuation for this stage 
is a minimum... If a positive potential of suff 
cient value arrives at the point b then the loop 
is closed and if the gain through the circuit, con 
taining tubes. 944 to 943 is high then R1 is vir 
tually short-circuited and the coupling resistance 
of A1 is essentially R1, almost independent of gain. 
Thus a high accuracy of control of A1 can be 
obtained independent of tube characteristics. 
Whereas for illustrative purposes the control has 
been shown on One tube only it may be desirable 
to control the bias on several or all tubes in order 
to open the loop completely. 
The control-part of the attenuator.comprises a 

plurality of diodes 95.952, and 953 and associ 
ated elements. When a positive pulse over chan 
nel , Supplied through tubes. 08 and 06 of 
Fig.10, is applied the diode 95 conducts, charg 
ing the condenser 954, applying a positive poten 
tial to point band closing the feedback loops 
thus increasing the attenuation A1. Immediate 
ly thereafter a negative pulse is applied through 
transformer.955 to diode 952. If this is the only 
pulse present on diode 952, that is, if insufficient 
positive bias arrives from the amplitude, and po 
larity detector V, meaning a homodyne, detector 
output below a certain reference, the negative 
pulse discharges condenser 954 and . opens the 
feedback loop thus removing the attenuation A1. 
At the same time current flows in resistance.958 
and through diode 953 sending a negative pulse 
to the transmitter resulting in the transmission 
of an "on's signal. If there is a positive. bias of 
sufficient magnitude from the amplitude- detec 
tor through diode 929, meaning a large homodyne 
Output, the negative pulse through transformer 
955 is not sufficient to cause current to flow 
through diode, 952. Consequently the attenua 
tion remains in and no pulse is sent to the trans 
mitter. 

If the attenuation A1 remains in the residual 
signal arriving at tube,901 is correspondingly at 
tenuated. With the arrival of the next pulse, 
Corresponding to channel 2, the sample is again 
tested by the introduction of attenuation A2, foll 
lowed by its removal if necessary as determined 
by the test. 
This is made clearer by reference to Fig 5 in 

Which for simplicity it is assumed that, exclusive 
of the polarity, pulse, a 7-place, amplitude code is 
to be used on a binary system. This makes it 
possible to discriminate oetween about 128 dif 
ferent amplitudes on a decibel basis. If the am 
plitude is to be expressed in terms of a reference 

3 level e0 and if the smallest change to be observed 
is one-half decibel then the range of amplitude 
On a power basis Would be from .5-decibel to 
635 63.5 decibels, as suggested on the table of 

page 8. The first attenuation would introduce a 
loss of 32 decibels, the next a loss of 16 decibels 
and so forth and the operation of the circuit is 
Such as to introduce a total attenuation in deci 
bels which is as nearly as possible equal to the 
decibel amplitude of em as compared with the 
reference leveleo. 

If, for illustration, the sample amplitude en 
, appearing across the resistor 900 is 46.6 decibels 
above eo then the introduction of A1, on the air 
rival of pulse over channel , with an attenua 
tion of 32 decibels Will leave a residual of 14.6 
decibels, as indicated at a. This is substantially 
above reference level and therefore All stays in. 
Had it been less than Zero-decibels the attenua 
tion would have been removed. The positive 
pulse over channel 2 now introduces A2, of at 
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tenuation value 16 decibels, giving a total atten 
uation of 48 decibels and a reduction to -1.4 
decibels, which is less than reference level as in 
dicated at b and so the negative pulse removes 
the attenuation. The pulse over channel 3 now 
introduces A3, of attenuation value 8 decibels, 
giving a total of 40 decibels and a reduction of 
the residual to 6.6 decibels as shown at C, more 
than reference level and so A3 stays in. 
The next step A4, of attenuation value 4 deci 

bels, gives a total of 44 decibels. The residual is 
now reduced to 2.6 decibels and therefore A4 stays 
in. On the next step A5, of 2 decibels value, is 
added and brings the total attenuation to 46 deci 
bels with a residual of 6 decibel and therefore 
As remains in. As introduces an additional 1 
decibel giving a total of 47 decibels and a residual 
of -.4 decibel, less than reference level and there 
fore A6 is removed. Art, which uses up the last 
step in the 7-digit code assumed, introduces .5 
decibel for a total Of 46.5 decibels. This leaves 
a residual of --.1 decibel and so A7 remains in. 
Thus the total attenuation introduced in front of 
tube 90 f is 32-0--8-4-4-2-1-0-1-.5-46.5 decibels 
and a corresponding code of off, On, off, off, off, 
on, off (or the equivalent of -- - - - - - - - - --) 
will have been set up. The marginal operation of 
the circuits is so adjusted that since the ampli 
tude is in excess of 46.5 decibels, the negative 
pulse for AT would not be sufficient to remove it. 
If slightly less than 46.5 decibels, the negative 
pulse would have removed it. 

It will appear from the above explanation that 
the final total attenuation introduced is propor 
tional to the amplitude of the sample, within the : 
smallest adopted decibel step as applied to the 
reference level unit. The percentage accuracy 
will be independent of the amplitude of the sam 
ple. This may be shown as follows: 

Let 
em=the input voltage to be measured. 
eo-reference Woltage. 
If the introduction of n decibels of attenuation 
leaves a residual slightly above 0 decibel level, 
this corresponds to an input voltage e1, where 

I 
e=ex10' 

If the introduction of (n-1-.5) decibels reduces the 
residual to slightly below 0 decibel level, this cor 
responds to an input voltage e2, where 

n--.5 
e=ex 10' 

Thus 
n+.5 1. 
20 - 

8-9 - 10"- 1.6 approximately 
e n 

0. 

e) ende 
Therefore maximum error for em=6 per cent. 
This is the same for large or Small input ampli 
tudes within range of eo to 

64 

ex10"(=1585e) 
On completion of this process the voltage de 

livered to the input of tube 90 f has been adjusted 
as nearly as possible to the constant arbitrary 
reference voltage eo. Since the total attenuation 
At is given by the binary number represented by 
n"off" or "on" signals, this number also expresses 
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14 
the amplitude of current Im and hence the ampli 
tude of M at the sampling time. 
By using a code of fewer digits the system 

would be simplified but at the expense of range 
or granularity. By extending to a code of a 
higher number of digits any degree of fineness of 
granularity and corresponding fidelity may be 
obtained. 

It will be observed that this mode of building 
up attenuation to match a sample amplitude is 
essentially a multiplicative or divisive process 
starting with large decibel steps and going to 
Smaller Ones until the last degree of fineness con 
templated has been attained. Being multiplica 
tive or divisive on an absolute basis it becomes 
additive or subtractive on a logarithmic, that is a 
decibel basis. This multiplicative or divisive 
characteristic is peculiar to this system and con 
stitutes a distinguishing feature, as is pointed 
Out in the appended claims. 

Transmitter unit, WI 
During this procedure there has been arriving 

at transformer 859 a series of pulses over chan 
nel T, one for each pulse from the pulse gen 
erator, timed as indicated on the bottom line of 
Fig. 4. These pulses may be used to operate on a 
grid of the tube 855. In addition, there arrives 
arrive at the transformer 852 certain pulses, one 
for each "on' pulse, relating to polarity or in 
dicating that one of the attenuators has been in 
troduced and then removed. No pulse will come 
to the transformer 852 if an attenuator has been 
introduced but not removed, this corresponding 
to an "off' signal. The secondary of the trans 
foriner 852 operates on a second grid of tube 855 
and this tube in turn controls the transmission or 
absence of transmission over a suitable medium 
to a remote station. In Fig. 8 the tube is shown 
as controlling a transmitting terminal unit 860 
for a radio channel on a suitable carrier but it is 
to be understood that the pulses coming from the 
tube 855 may go directly to any suitable trans 
mission path Such as a pair of Wires, a coaxial 
cable, etc. In such cases it is not necessary and 
rinay not be desirable to use the pulses for modu 
lating a carrier. The connections of the trans 
formers 859 and 852 are such that a pulse arriv 
ing at 35 alone will not cause the transmission 
of a signal but the simultaneous presence of a 
pulse On 850 and On 852 would be effective in caus 
ing such transmission and would correspond to an 
'on' signal. This is so except in the case of the 
first broad pulse of the Tseries which is purposely 

5 made greater in amplitude than the others so 
that it can operate tube 855 alone. The purpose 
of the pulses coming over the T channel is to 
assure proper timing coordination of the trans 
mission of Signal pulses. In Some instances such 
added precaution will not be necessary in which 
case the T channel may be omitted, including the 
chain of tubes 24 to 29 of Fig. 10 and the 
transformer 859. In this case also the adjust 
Inent of the transformer 852 alone and tube 855 
is such that a pulse on 852 will then be sufficient 
to cause transmission. 

Receiver 
The problem of recovering the modulation 

function at the receiver station is somewhat sim 
pler and Will be first described by means of the 
block diagram of Fig. 2. For the example here 
described pulses forming the signal appear at A 
for all "on' signals. A pulse generator VIII is 
Synchronized with the incoming pulses, perhaps 
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-by means of a marker pulse...such as the Mpulse 
from the transmitting station, so that itS Opera 
tions coordinate properly with the incoming Sig 
inals. This generator sends out pulses to various 
sdevices which also receive the signal. These re 
ceived signals alone, or the pulses alone will not 
cause operation. A signal pulse in conjunction 
with a pulse from VIII will cause a device to 
Gperate. 
At the time when the signal corresponding to 

polarity appears the pulse generator applies a 
- pulse to a phase shifter IX. If there is an “off” 
signal; i. e. no signal pulse the phase shifter is 
set to shift phase 180 degrees; if an "on' signal 

- the phase shifter is set to shift phase Zero de 
grees. The phase shifter remains in this position 
until receiving another P. pulse. 
The next pulse of the pulse generator is sent 

to the control Ci which controls a change of at 
tenuator Al proportional to that of A1 of Fig. 1. 
The attenuation is initially at a minimum. If 
the received signal is an “off' signal, attenuation 
is left at a minimum. If an 'on' signal is re 
ceived this causes operation and A1 is switched in. 
The next pulse from VIII goes to C2 at the same 
time that the signal from A2 of Fig. 1 arrives 
and so on through An. Thus, the total attenua 
tion is made the complement to that introduced 
in the transmitter of Fig. 1 which gave rise to the 
“on', and 'off' signals. Then after a short time, 
perhaps the next marker pulse corresponding to 
time tim;1 at the sender, a pulse from the pulse 
generator enables the local oscillator X. This 
acts as a constant voltage source of desired fre 
quency impressing a voltage on the input of the 
attenuator and sending current through resist 
ance R, and to the homodyne detector XI. R is 
made large in order to add negligible attenuation. 
From the voltage drop across R, there is produced 
an output pulse from the homodyne detector XI 
nearly proportional to the amplitude M at the 
sampling time. A reset pulse may follow the pulse 
to oscillator X. This will reset A1 . . . An and 
phase shifter IX to the initial position in prepara 
tion for succeeding sample codes. The pulses 
from the detector XI are passed through a low 
pass filter XII. If the highest frequency fm in 
the complex wave is fm=AT and if the low-pa-SS 
filter has a cut-off of fm, a signal proportional to 
M, but delayed perhaps by T seconds, is recov 
ered at the output of the low-pass filter. Here 
T is the length of a period between tim and tim-i-i; 
i.e. between sampling times. 
With this brief description of the block diagrain 

of Fig. 2 we may now proceed to a more detailed 
description of devices which will accomplish the 
steps set forth above. It will be apparent to those 
skilled in the art that there are numerous circuit 
arrangements for accomplishing this. Certain 
specificiarrangements are here shown in Figs. 11, 
12 and 13 but these are illustrative for the sake 
of concreteness and it is to be understood that 
many variations may be made without departing 
from the spirit of my invention. 

Referring more specifically to Fig. 11, there is 
shown a receiving unit f O6, here indicated as a 
radio receiver associated with a suitable receiv 
ing antenna if 05. This unit 06 is a radio 
receiver of any suitable type including a detector 
the output of which yields the pulse signals as 
a reproduction of the pulses arriving at the trans 
mitting unit VII of Fig. 8. This code pulse mes 
sage is amplified to any necessary extent as 
illustrated by the tube 98 and the output there 
soft is shown as going to a plurality of control 
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16 
devices C1 . . . Cn, one associated with each of 
a plurality of attenuators in a manner herein 
after to be described. 

Receiver pulse generator VIII 
A derived path from the output of 8 passes 

through suitable amplifiers as shown at 2 and 
4 and an outward pulse therefrom is used to 

control a relaxation oscillator shown in Fig. 13. 
This relaxation oscillator, centering about the 
gas tube 3, may be similar in every respect 
to the relaxation osciator at the transmitting 
station and shown in detail in Fig. 10. Corre 
sponding to each of the units to 5 in 
Fig. 10 there are the units 3 to 35 in Fig. 13 
Thea, justinent of the parameters in the relaxa 
tion oscillator of Fig. 13, however, is such that 
the circuit does not noically osciliate out is 
triggered by a pulse arriving from tube 4. 
Furthermore, the parameters of this relaxation 
oscillator are so adjusted that the circuit will 
be triggered by the first pulse in a group (corre 
sponding to the Mpulse at the transmitter) after 
which the Oscillator cannot be triggered until the 
arrival of the next M pulse. 
This is accomplished by the use of the long 

initia T pulse of Fig. 4 to which reference has 
been made. It is to be borne in mind that a 
pulses transmitted by WII are of the same ampli 
tude. However, since the tube if 2 is essentially 
a constant current device, the voltage built up 
in the tank circuit 3 is proportional to the 
duration of the inconing pulse and thus the long 
initial T pulses arriving at 3 and correspond 
ing to the M pulses will be of greater, perhaps 
double, amplitude and so be able to trigger the 
relaxation oscillator, whereas the other pulses 
in the cycle will not. 

In a nanner analogous to that of Fig. 10 there 
is associated with the relaxation oscillator a 
timestick 3 & from which a series of pulses 
may be derived with a time spacing as nearly 
identical as may be necessary to the time spacing 
of the pulses derived from the timestick at the 
transmitting station. This timestick has an 
additional Section giving rise to a pulse indi 
cated by n' and delayed only slightly behind 
the previous pulse. The function of the pulse in' 
will be given hereinafter. The timestick is ter 
minated with a suitable impedance 38 to Sup 
preSS reflection. Also there is a series of tubes 
325 to 329 from the cathodes of which a series 

of positive pulses is derived from cathode foll 
lowers is initiated, corresponding to the pulses 
from the timestick. 

Receiver attenuator's XIII 
The utilization of the various pulses to con 

trol the Setting up of a series of attenuators 
A1 . . . An in consonance with those set up at 
the transmitting station will now be described. 
For this reference Inay be made to Fig. 12 and 
the right-hand portion of Fig. 11. In this latter 
portion there is shown a series of tubes 45, 
i? 65 and 85 connected in tandem and analo 
gous to the corresponding circuit of Fig. 8. The 
coupling from One tube to the next is a resistance 
capacitance network, a resistance therein being 
Subject to change whereby the portion of the 
voltage generated in one tube and passed to the 
next is attenuated by definite amounts, the 
amount of this attenuation being conrollable in 
accordance with the codesignal which is being 
received. Thus, the output circuit of tube 45 
includes the attenuator circuit A1. A comprises 
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the resistances R1 and R1' connected in series, 
the intermediate point being connected to the 
three stage amplifier comprising the tubes 24, 
242, 243 with resistance capacitance or other 

suitable coupling, there being a feedback con 
nection from the plate of the last tube 243 
through condenser f 244 to the grid of 24. 
There is either zero or a large gain around the 
loop depending on whether the control voltage 
applied to terminals a, and b cuts off one or more 
tubes in the loop or allows them to operate. 
One mode of operation will be described in 

connection with A1. Here, as in Fig. 9, the loop 
is normally held open by a sufficiently negative 
bias on the grid of tube 242. Under these con 
ditions, the grid resistance in the input of tube 

65 is R1--R1". If a positive pulse of sufficient 
magnitude arrives at b then the loop is closed and 
if the gain through the circuit is high, the grid 
resistance is essentially R1, almost independent 
of gain, and a corresponding attenuation is 
introduced. Again, whereas for illustrative pur 
poses the control has been shown on One tube 
only it may be desirable to control the bias on 
several or all tubes in order to open the loop com 
pletely. 
The control portion C1 of the attenuator may 

take on a large variety of circuit forms So long 
as it performs the desired function in response 
to the pulses reaching it and may comprise One 
or more diodes or combinations of diodes and 
triodes or multigrid tubes in a variety of Ways 
as will be clear to those Skilled in the art. Spe 
cifically in Fig. 12 it is shown as a combination 
of a diode and a triode. A positive pulse corre 
sponding to the Mpulse from the timestick oper 
ates through transformer 252 so poled as to 
make the cathode of diode 25 negative, where 
upon any positive charge on condenser 254 is 
discharged and the negative bias on tube 242 
opens the attenuator loop. This occurs simul 
taneously on all of the attenuator units at the 
beginning of a cycle and sets all the attenuators 
at minimum attenuation. 
In due course a pulse from circuit of the 

timestick and tube 32 arrives at transformer 
256 being so poled as to make the grid of tube 
257 positive. However, the plate circuit of 257, 
which includes the transformer 258, includes a 
battery 259 with the negative terminal toward 
the plate so that the positive potential on the 
grid is not able alone to produce a current 
through the plate circuit and therefore no charge 
is placed on condenser .254. This is the con 
dition which exists in case of an 'off' pulse in 
which event no corresponding pulse passes 
through the primary of transformer 258. It 
will be recalled that the 'off' signal correspond 
ed to the introduction at the transmitter of at 
tenuator A1 and it is noted that corresponding 
thereto such attenuation is not introduced at 
the receiver. In case of an "on' signal there 
will be a pulse in the secondary of transformer 
258 which is so poled as to give a positive poten 

tial to the plate 257. This pulse alone is not 
Sufficient to cause the current to flow through 
the tube because of bias on the grid. If how 
ever, there is received simultaneously a pulse 
from the pulse generator rendering the grid 
positive then there will be a flow of current 
charging the upper plate of condenser 254 posi 
tively and so closing the loop of attenuator A1 
and introducing the corresponding attenuation. 
The charge on condenser 254 will persist until 
the time of the next M. pulse whereon where 
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18 
upon the condenser will be discharged as hereto 
fore noted. 
Thus it is seen that attenuator Al will not be 

introduced if the corresponding attenuator A1 
has been introduced at the transmitting station. 
If it has not been introduced at the transmitting 
station, it will be introduced and remain in at 
the receiving end. Precisely the same operation 
will take place for each attenuator A1 . . . An 
after which the combination of attenuators con 
nected in the circuit will be the complement of 
that at the transmitting end. Thus, whatever 
attenuation is introduced at the transmitter it 
will be omitted at the receiver and the reverse. 

Ocal oscillator X 

The receiving station is provided with a local 
oscillator X shown in Fig. 11 as ff20. This may, 
but need not be of the same frequency as the 
local OScillator II at the transmitting station. 
In other words no Synchronism between the two 
oScillators is required. 

Phase shifter IX 
The phase shifter IX is shown as comprising 

two triodes 22 and 222 the grid circuits of 
which are Supplied in parallel from the local 
Oscillator 20 through the transformer 223. 
The output circuit comprises transformer 224 
the mid-point of the primary of which is con 
nected to the positive terminal of the battery. The 
grid circuit of tube 22 contains the condenser 
f 225 and the grid circuit of tube 222 includes the 
battery 226 which tends to give a positive bias 
to the grid. Normally, therefore, the transcon 
ductance of tube. 222 will be higher than that 
of 22 and there will be an alternating current 
of local oscillator frequency in the secondary of 
224 of one phase. The phase of the current 

in the secondary current circuit may however 
be reversed by means of the phase shifter. 
This phase shifter, comprises two diodes 23 

and 232 biased so that normally they are non 
conducting. When a pulse from the tube 326, 
Corresponding to the P pulse, arrives at trans 
former 233 it is so poled as to render diode 23 
conducting, giving a positive charge to condenser 
225 of such magnitude as to give tube 22 a. 
higher transconductance than tube 222, where 
upon the current in the secondary of 224 is 
reversed in phase. The reversal occurs if the 
polarity pulse of the code at the transmitter 
Was an 'off' signal, meaning an absence of a 
received pulse. The condenser 225 is so con 
nected as to retain its charge for the duration of 
One Complete cycle. 

If, the polarity of the sample of the complex 
Wave at the transmitter had been negative then 
an “on' P polarity pulse will have been trans 
mitted and, in turn, received at the receiving 
station. A corresponding pulse, therefore, ar 
rives at the transformer 234 in parallel with the 
transformers 258, etc., at each of the attenua 
tion control circuits. The transformer 234 is so 
poled that its pulse opposes that of the pulse 
coming on transformer 233 and consequently 
diode 123 does not conduct, the condenser 225 
does not become charged and the phase of the 
Oscillations in secondary of 224 is not reversed. 
At the end of the cycle, or the beginning of the 
next cycle, the M pulse from the tube 325 op 
erates through transformer 236 to make diode 
232 conducting whereupon the condenser 225 

is discharged or "reset' to normal condition. 
Through the means thus described it is seen 
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that it is possible to change the phase of the 
local oscillator current in transformer of 224 by 
180 degrees. 
The output of 224 of local oscillator frequency 

is impressed on the input circuit 40 of the first 
attenuator tube 45. In the output circuit of 
the last attenuator tube 85there is included the 
resistance 2G corresponding to R of Fig. 2. 
This resistance is large compared to the resist 
ance Rn of the last attenuator and consequently 
adds no appreciable attenuation. Thus it is seen 
that the amplitude of the current in 26 and the 
potential variations across its terminals, as well 
as the current in the transformer 24, will be 
proportional to the sum of the attenuations which 
have not been introduced at the receiver. Con 
sequently, they will be proportional to the Sum of 
the attenuations which were introduced at the 
transmitter and therefore proportional to the am 
plitude of the complex wave sample. Further 
mcre, its their phase will be determined by 
phase shifter IX to correspond with the polarity 
of the complex Wave sample. 

Honodyne detector XI 

it he homodyne detector XI includes a balanced 
demodulator comprising the varistors 2 and 
22 connected in a standard bridge circuit. 

This demodulator is supplied directly with local 
oscillator frequency through transformer 23 
and also with the same frequency through tube 
f25 and transformer 24. There will then ap 
pear over the resistor 27 potential differences 
of sampling frequency, each element being pro 
portional in every respect to the sampling cur 
rent or voltage at the transmitter. If the polar 
ity of the sampling current at the transmitter re 
verses, then the voltage across the resistor 27 
Will also reWerSe. 
The last step of interpretation may come 

through the multigrid tube 28. This tube is 
normally biased to cut-off. However, through 
the additional section of the timestick leading to 
the pulse n', previously referred to, a positive 
pulse is impressed on the triodes 35 and 352 
connected in series to give requisite amplification 
without change of polarity of the pulse. Very 
shortly after the termination of the amplitude 
code there arrives then on one grid of tube 28 
a positive pulse of sufficient value to enable the 
tube 28 for the duration of the pulsen'. Dur 
ing this interval then there appears in the output 
circuit of 28 a pulse determined by the magni 
tude and polarity of the voltage over 26, which 
latter is proportional to the amplitude and polar 
ity of the complex Wave Sample. 
These pulses will arrive in succession, one for 

each sample from the complex Wave. By means 
of the low-pass filter f2l 9 the undesired high 
frequency components may be removed and the 
resulting wave, passing to terminal equipment 
and receiver, will be a reproduction of high-fidel 
ity of the original complex wave at the trans 
mitting station. 
During the setting up of the attenuations, 

pulses modulated on a suitable carrier will have 
been transmitted from WII bearing the informa 
tion to the remote station on what attenuations 
are being introduced. The amplitude of each of 
the pulses so transmitted from VII will be the 
same and each element of the Signal is purely 
an 'off' and “on” matter, Since only integers 
are sent such a signal can be repeated without 
added distortion or noise to in the recovered in 
telligence even though distortion or noise below a 
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certain threshold level may be present in the re 
peaters. Thus, even for very high quality trans 
mission the requirements on the repeaters are 
very low. This makes possible transmission over 
long paths with frequent repeating. The pres 
ence or introduction of noise in the transmission 
path from WII to the remote receiving station 
Will have no influence So long as the noise intro 
duced is relatively small compared with the 
signal being transmitted over the path. Such 
noise therefore will not appear in the signal later 
reproduced. 
This application is related to my Copending ap 

plication Ser. No. 603,989, filed July 9, 1945, Pat 
ent 2,508,622 of May 28, 1950, and differs from 
it in the manner of building up attenuation. 
Whereas in that application the conductance 
steps are additive on a unit or multiunit basis, 
in this application the changes are on a decibel 
basis, that is, the attenuations herein are in Suc 
cessive steps of multiples. This has certain ad 
vantages one of which is the much Wider range 
of amplitude which can be covered by a code 
of a given number of units. Thus in my above 
identified application for a code of n digits the 
range of Selection of amplitude in Voltage (or 
current) is 2n whereas in this system the range 
of selection of amplitude in decibels in 2. if 
n=7 and if the reference level is taken as eo 
(perhaps in millivolts), then for the copending 
application the range of amplitude is from eo to 
2"eo (=128 eo, equivalent to 42 decibels). This 
means a granularity of eo in a maximum con 
templated signal of 128 eo; that is, an accuracy 
within 1 per cent. However, the granularity is 
still e0, no matter how Small the input, and SO 
for an input as low as 2 e0 the accuracy is about 50 
per cent. In the system of this application the 
percentage accuracy of reproduction will be the 
same without regard to the amplitude of the 
output. Thus, if the Smallest step is .5 decibel, 
then the error in determining the value of input 
voltage will not be greater than 6 per cent and 
will average about half of this. Furthermore, 
for a seven-digit System the range in annplitude 
will be from 

63.5 
ex100 

(that is, about 1 to 1500). This feature of a 
non-linear scale (where the electrical quantity 
built up is not proportional to the voltage or cur 
rent amplitude of the sample) is equivalent to a 
type of volume compression in the coded signal 
and this is an essential aspect of this invention. 
The particular non-linearity which has been used 
for illustration is a decibel Scale (the electrical 
quantity built up is proportional to the logarithm 
of the voltage or current amplitude of the 
Sample) and this, as pointed out above, not only 
gives Wider range bit gives Smaller granularity 
for low amplitude samples. 
-In considering the above system it will be ap 

parent to those skilled in the art that many varia 
tions may be made in the systern thus far de 
scribed without departing from the Spirit of the 
invention. For example, the attenuation scheme, 
which constitutes an important element in my 
invention, may be materially altered as indicated 
in Fig. 14. There the plurality of resistance con 
binations Ri and R1, R2 and R2', etc. is shown 
as a series of potentiometers connected in tan 
den. The portion R1,R2' . . . Rn' of each po 
tentiometer is capable of virtual short circuit as 
already indicated. The portion R1, R2, etc., of 
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the resistances will have to be large compared 
with the electrically controlled shunt portions if 
the attenuations caused in the various poten 
tionetters are to be substantially independent. 
This may be somewhat difficult to attain and for 
this reason isolation of the electrically controlled 
resistances by means of vacuum tubes, as already 
described in detail, may be desirable. 
Other changes may be permissible, Some of 

these having been already mentioned. For ex 
ample, the T channel of pulses may be omitted 
With corresponding simplifications although With 
Some loSS of control. Also, the local OScillator at 
the receiving station may be on all the time in 
Stead of being triggered on Occasionally, for even 
if on, it is ineffective at the terminal apparatus 
unless and until the tube 28 has been enabled 
by the pulse coming from n' Supply. Still fur 
ther, it will be evident that modulation and de 
modulation features of the transmitter Station 
may be omitted, the sample signals of the tube 
820 going directly to the input of tube 835 and 
directly from tube 90 to the resistor 90, or its 
equivalent, without the intermediation of the de 
modulator in the homodyne unit IV. This would 
mean also the omission of the local OScillator. 
Corresponding alterations could be made at the 
receiving station in connection with its local 
oscillator. In general, however, such omissions 
or simplifications will lead to sacrifice in opera 
tion or quality and it will be a matter of engineer 
ing judgement as to how far one may carry Out such simplifications. 
What is claimed is: 
1. The method of transmitting information on 

the shape of a complex Signal Wave Which con 
prises taking amplitude samples of the Wave at 
equally spaced intervals, building up an attenua 
tion network for each sample step by Step to a 
magnitude proportional to the sample amplitude 
and transmitting “off” or “on' pulses in accord 
ance with each step, the steps being related to 
each other on a non-linear basis. 

2. The method of transmitting information on 
the shape of a complex signal Wave which con 
prises taking amplitude samples of the Wave at 
equally spaced intervals building up an attenua 
tion network for each sample step by Step to a 
magnitude proportional to the Sample amplitude 
and transmitting 'off' or "on' pulses in accord 
ance with each step, the steps being related to 
each other on a logarithmic basis, the total at 
tenuation on said basis being equal to the Sun 
of the attenuations for the individual steps intro 
duced. 

3. The method of claim 1 with the added Step 
of introducing at a receiver an analogous at 
tenuation network, the total steps of attenuation 
there introduced being the complement of those 
introduced at the transmitting station. 

4. A system for transmitting information on 
the shape of a signal wave comprising a circuit 
for periodically sampling the amplitude of the 
wave, means for building up an attenuation net 
work by a series of non-linearly related Steps to 
a value proportional to each Sample, means for 
generating a cycle of pulses for each Sampling 
operation, means responsive to the first pulse of 
the cycle for controlling the Sampling circuit and 
means responsive to succeeding pulses of the 
cycle for controlling said means for building up 
an electrical quantity in coordination with the respective sample. 

5. A system for transmitting information on 
the shape of a signal from a transmitting to a 
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22 
receiving station, the transmitting station com 
prising means for Sampling a signal wave period 
ically and storing on a condenser a potential pro 
portional to the Sample amplitude, an amplifier 
tube the input of which is connected across the 
Storage condenser, means for connecting in the 
circuit of Said tube a multiple attenuator con 
prising a plurality of attenuators in tandem to 
attenuate the effective output voltage, a pulse 
generator means controlled to build up the said 
attenuation step by step by the coordination of 
the signal amplitude with pulses from the pulse 
generator until the residual effective output falls 
to an arbitrary low reference level. 

6. A system for transmitting information on 
the shape of a signal from a transmitting to a 
receiving Station, the transmitting station com 
prising means for sampling a signal wave peri 
Odically and storing on a condenser a potential 
proportional to the Sample amplitude, a constant 
Current Source producing a current proportional 
to the charge on the storage condenser for the 
duration of the sampling period, a train of uni 
lateral attenuating devices operating to attenu 
ate the current, a control circuit for each at 
tenuator, each attenuator adapted to introduce 
or not introduce its attenuation subject to the 
control circuits, the control circuits being op 
erated Successively by pulses from a pulse gen 
erator and introducing attenuation if the residual 
of the Sample amplitude is in excess of an arbi 
trary small amount. - . . . 

7. The combination of claim 6 characterized by 
the fact that the train of unilateral attenuating 
devices comprises a series of amplifier tubes con 
nected in tandem, the coupling circuit from the 
output of one tube to the input of the next in 
cluding a coupling resistance a portion of which 
may be substantially short-circuited to introduce 
a designated amount of attenuation, the intro 
duction of Said attenuation being Subject to the 
control circuits. 

8. The combination of claim 6 characterized by 
the fact that the train of unilateral attenuating 
devices comprises a series of amplifier tubes con 
nected in tandem, the coupling circuit from the 
output of one tube to the input of the next in 
cluding a coupling resistance a portion of which 
may be substantially short-circuited to introduce 
a designated amount of attenuation, the introduc 
tion of said attenuation being subject to the con 
trol circuits in Such manner that if the residual 
of the Sample amplitude at any stage is in excess 
of an arbitrary Small amount, the next step of 
attenuation is introduced and if below said arbi 
trary amount, it will be first introduced and then removed. 

9. A System for transmitting information on 
the shape of a signal wave comprising a circuit 
for periodically sampling the amplitude of the 
Wave, means for building up an electrical quan 
tity by a series of steps related on a logarithmic 
basis to a value proportional to the signal ampli 
tude, means for testing the polarity of the sample, 
and means for generating for each sampling op 
eration a cycle of pulses, means responsive to 
the first pulse of said cycle for controlling the 
Sampling circuit, means responsive to the second 
pulse of said cycle for controlling the means for 
testing the polarity of the Sample, and means re 
Sponsive to Succeeding pulses of Said cycle in co 
Ordination with the Sample for controlling said 
means for building up an electrical quantity. 

10. Apparatus for transmitting a complex wave 
form comprising means for Setting up a series of 
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groups: of permutatively coded signaling pulses, 
the series representing a succession of instanta 
neous amplitude samples of the wave form and 
each pulse of a group representing a different 
fraction of the amplitude of a Wave form Sample, 
the means therefor: comprising a plurality of at 
tenuators adapted to be connected in tandem, 
each element of attenuation being propolitional 
to a fraction of the corresponding Sample ampli 
tude and the sum of the attenuations introduced 
being proportional to the instantaneous amplitude 
of the waveform. 11. Apparatus for reconstructing a complex 
wave form from a series of groups of permuta 
tively coded signaling pulses, the series repre 
senting:a: succession of instantaneous amplitude 
samples of the complex wave form, each pulse of 
a groups representing a different fraction of the 
amplitude of said wave form sample, the means 
therefore comprising a plurality of attenuators to 
be introduced in tandem, the total attenuation 
being proportional to the Sun of the individual 
attenuations, this Sun Subtracted from a constant 
being proportional to the instantaneous ampli 
tude of the complex Wave sample. 

12. A system for transmitting information on 
the shape of a signal wave from a transmitter to 
a receiver station, the transmitter Station corn 
prising a circuit for periodically sampling the 
amplitude of the wave, a current-source-adapted 
to deliver a current proportional to the sample 
amplitude and constant for the duration of a 
sampling interval a load supplied with current 
from said source, a circuit for transferring the 
effective voltage across the load to a polarity 
and amplitude detecting circuit, a -plurality of in 
attenuators to be connected in tandem in the 
load circuit. Of Said. Current generator and thus 
reducing the voltage reaching the polarity and 
amplitude detector, a control circuit for each at 
tenuator; a pulse generator adapted to generate 
cycles of pulses, one pulse in the cycle-serving as 
a marker pulse and as timing the -sampling of 
the signal wave, another serving as a polarity 
pulse to cooperate in testing the polarity of the 
sample amplitude, the remaining pulses-operat 
ing successively through the control, circuits of 
the attenuators in cooperation with the residual 
amplitude reaching the amplifier detector to in 
troduce one or more of the attenuators and thus 
to reduce the residual reaching the samplitude 
detector to an arbitrary small value, a circuit as 
Sociated with each control circuit to transmit an 
“off” signal if its attenuator is left in and an “on” 
signal if it is renoved, the in attenuators being 
graded in size from the Smallest of value-Ao, the 
largest being first tested for introduction, the 
System so operating that the total attenuation 
on a decibel basis introduced and left in at the 
end of the cycle is proportional to the sample 
amplitude. 

'13. A System for transmitting information on 
the shape of a-signal-wave from a transmitting to 
a receiving station, the transmitting station com 
prising: a circuit for periodically sampling the 
amplitude. of the wave and storing a charge on 
a condenser proportional to the amplitude, a 
constant, current sources controllied by the con 
denser charge and adapted to deliver a current, 
proportional to the condenser charge and con 
stant for the duration of a sampling interval, a 
circuit for transferring the voltage across the 
load to a polarity...and amplitude detecting, cir 
cuit, a plurality of n attenuators to be connected 
in tandem in the load circuit of the current gen 
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24 
erator to reduce the voltage reaching the polarity 
and amplitude detector, a control circuit for 
each attenuator, a pulse generator adapted to 
generate cycles of pulses each pulse consisting of 
2-1-n equally spaced-pulses the first pulse in the 
cycle serving as a marker pulse and as timing 
the Sampling of the signal wave, the second serv 
ing as a polarity pulse for timing the operation 
of the detector to test the polarity of the conden 
Ser charge, the next pulse operating through 
the control circuit of the first and largest at 
tenuator with the signal amplitude reaching the 
anplitude detector to introduce the said first 
attenuation and to leave it in if the residual 
then reaching the amplitude detector is above 
an arbitrary Small value and next to remove it 
if the residual is less than this-small value; a 
circuit associated with the control circuit to 
transmit an 'off' signal if the attenuator is left 
in and an “on' signal if it is removed, each suc 
ceeding pulse in coordination with the residual 
then reaching the amplitude detector operating 
in turn in the same manner through the control 
circuit to introduce, and then remove if neces 
Sary, its attenuator and to transmit correspond 
ing signals, the in attenuators being graded in 
Size from the Smallest of value Aoto the largest 
of value 2 A0 the total attenuation-introduced 
and left in at the end of a cycle being propor 
tional On-a decibel basis to the sample amplitude, 
the size of the steps increasing in accordance with 
a binary counting system. 

14. In a communication system, apparatus for 
Sampling a signalling wave at regular occurring 
instants of time, a source of high frequency al 
ternating current, means for maintaining the 
magnitude of said alternating current between 
Said instants of time at a value determined by 
the magnitude of said signaling wave at the last 
instant of the sample, a source of reference volt 
age, apparatus for comparing a fraction of said 
alternating current with said reference Voltage, 
equipment for sending either one of two signal 
ing conditions, and apparatus, responsive to said 
Comparison apparatus for controlling which of 
Said two. Signaling , conditions are transmitted 
incident.to said comparison. 

15. In a communication system, apparatus for 
Sampling a signaling wave at regular, occurring 
instants of time, a source of high frequency al 
ternating current, means for Inaintaining the 
magnitude of Said alternating current between 
Said instants of time at a value determined by the magnitude of said signaling wave at the last 
instant of the sample, a source of reference Wolt 
age, apparatus for comparing a fraction of said 
alternating current with said reference voltage, 
equipment for sending either one of two Signal 
ing conditions, and apparatus responsive to said 
comparison apparatus for controlling which of 
Said two signaling conditions are transmitted in 
cident to Said comparison, and equipment for 
thereafter changing the fraction of said alter 
nating current and repeating the process of com 
parison, and signal transmission. 

16. A. Signal transnaission system Comprising a 
Source of electrical current, a source of reference voltage, Switching... equipment for 'Comparing a 
fraction of said current with said reference volt age, and Signal transmitting equipment for 
transmitting a signal condition of a nature con 
trolled by said comparison. 

17. A signal transmission System comprising a 
Source of electrical current, a source of refer 
ence Voltage, apparatus for Comparing a fraction 
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of said current with said reference voltage, Sig 
nal transmitting apparatus for transmitting a 
signal condition of a nature determined by said 
comparison, and other apparatus for comparing 
a fraction of said fraction of current with Said 
reference voltage and means for transmitting a 
signal condition of a nature controlled by said 
Second comparison. 

18. A signal transmission System comprising a 
source of electrical current, a source of reference 
voltage, apparatus for comparing a fraction of 
said current with said reference voltage, signal 
transmitting apparatus for transmitting a signal 
condition of a nature controlled by said compari 
son, other apparatus for comparing a fraction of 
said fraction of current with said reference volt 
age and transmitting a signal of a nature con 
trolled by said Second comparison, apparatus 
operative instant to transmission of any of said 
signals for controlling the fraction of Said cur 
rent to be compared with said reference Voltage at 
a subsequent comparison. 

19. A signal transmitting system, comprising a 
source of alternating current, a source of refer 
ence voltage, means including switching equip 
ment for causing successively smaller fractions of 
said current to be compared With said reference 
voltage, and signal transmitting equipment for 
transmitting a plurality of signals the character 
of each of which is determined by each suc 
cessive comparison. 

20. A signal transmission System, comprising a 
Source of current, a source of reference voltage, 
means including switching equipment for caus 
ing Successive fractions of Said current to be 
compared with said reference voltage or refer 
ence level, and fractionating means for causing 
each of said Successive fractions to be a product 
of one or more of certain of said previous frac 
tions and an additional fraction. 

21. In a signaling System, a source of signal 
Woltage which may have a plurality of different 
magnitudes, equipment for determining the am 
plitude thereof and transmitting a series of pulses 
representing said amplitude comprising means 
for establishing a reference voltage, a measur 
ing circuit for comparing an input thereto with 
Said reference voltage, a plurality of attenuators 
of different attenuation, switching equipment for 
connecting Said attenuators in sequence and in 
tanden between said source of signal voltage and 
Said measuring device in the order of their de 
creasing attenuation, and signal transmitting 
equipment for transmitting a signaling condition 
incident to the connection of each of said at 
tenuators between said current source and said 
measuring equipment. 

22. In a communication system means for suc 
cessively Sampling the signal to obtain an indi 
cation of the signal amplitude at the time of 
Sampling, means for measuring said indication 
at Successive instants in terms of units of re 
Spectively different magnitudes, and means for 
producing and transmitting a pulse at each of 
Such Successive instants and of one of two differ 
ent signaling conditions controlled by said means for measuring. 

23. In a communication system means for peri 
odically sampling the message wave, means for 
establishing a current proportional to each sam 
ple amplitude, a measuring circuit operating to 
Compare the input thereto with a predetermined 
leference level, a plurality of loss networks 
adapted to be connected in circuit between said 
means for establishing a current and said meas 
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26 
uring circuit, means for successively connecting 
said netWorks between said means for establish 
ing a current and said measuring circuit, means 
controlled by said measuring circuit for main 
taining each of Said networks in circuit When the 
input to said measuring circuit exceeds said ref 
erence level upon the connecting of the respec 
tive said network and for taking the respective 
said network out of circuit when the input to 
said measuring circuit is below said reference 
level, and means for establishing a series of sig 
nal pulses One Corresponding to each of said 
networks and each of one signaling condition 
when the respective network is maintained in cir 
cuit and of another signaling condition when the 
respective network is taken out of circuit, 

24. A combination according to claim 23 in 
Which said loss networks are attenuation net 
Works and said means for successively connecting 
Said networks between said means for establish 
ing a current on said measuring circuit operates 
to connect said attenuation networks in tandem. 

25. In the method of signal transmission in 
which the message wave is periodically sampled 
and for each Sample there is transmitted a group 
of pulses each of one of two different signaling 
Conditions, each representing in one of said con 
ditions the presence in the respective sample 
of a corresponding constituent amplitude range 
of the maximum amplitude capacity of the sys 
tem, and in the other of said conditions the ab 
Sence of the corresponding constitutent ampli 
tude range, the steps of, measuring each sample 
in terms of one of the constituent amplitude 
ranges, when the Sample exceeds said constituent 
amplitude range producing a pulse of Said one 
Signaling condition and measuring the excess of 
said sample over said constituent amplitude range 
in terms of a Second constituent amplitude range, 
When Said Sample is less than said first constitu 
ent amplitude range producing a pulse of said 
other signaling condition and measuring the 
Sample in terms of said second constituent ampli 
tude range, and repeating the process of meas 
urement and production of pulses for each addi 
tional constituent amplitude range. 

26. In a signal transmission system, a source 
of alternating current, a source of reference volt 
age, pulse transmission means for transmitting 
pulses of at least two different characteristics, 
equipment for comparing a fraction of said cur 
rent with said reference voltage, and controlled 
means for causing the transmission of a pulse 
of One characteristic by said pulse transmission 
means When Said fraction exceeds said reference 
voltage. 

27. In a signal transmission system, a source of 
alternating current, a source of reference volt 
age, pulse transmission means for transmitting 
pulses of at least two different characteristics, 
equipment for comparing a fraction of said cur 
rent with Said reference voltage, and means con 
trolled by the comparison equipment for causing 
the transmission of a pulse of one characteristic 
by Said pulse transmission means when said ref 
erence voltage exceeds said fraction. 

28. An electronic system for converting ar. 
amplitude modulated signal into binary code 
?pulse indications, comprising a source for provid 
ing pulses modulated from a given maacinum 
amplitude in accordance with the respective in 
Stantaneous amplitude of an amplitude modulat 
ed audio signal, means for providing a reference 
voltage having an initial value which is a given 
fraction of said given marimum amplitude,   
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means, for periodically, comparing. a given num 
ber of times for each, amplitude modulated pulse. 
the relative amplitude of the voltage proportional: 
to said reference. and to...each of said, amplitude 
modulated pulses, means for periodically con- 5. 
trolling the application of said reference and: 
said pulse: oltages...to said. comparing. means, 
means for substantially equalia.ing...in. said con 
paring, means said. reference. voltage... and said. 
pulse voltage in controlled periodical steps, means: 10 
for producing, a pulse code modulation in response." 
to the relative amplitude... of said... voltages: for. 
each of said periodical. Steps, and means for cont. 
trolling the character of the equalia.ation of said. 
oltages for each. Steps in accordance". Uith... the 3, 15. 

relative, amplitude: of said voltages: during the . 
preceding: Step, 

29. A system according to claim...28: wherein. 
said character. Controlling, means, includes differ-- 
ential: amplifier... and quantiaer, circuits for, ob-, 20. 
taining, a given number of pulse, code. indica 
tions, having pulses, and vacant portionS. in ac 
cordance.uvith the relative amplitude of said ref 
erence and signal pulse voltages, for each of said: 
comparison. Steps. 

30: All systems according...to claim, 28, flirther. 
including means-operative. after, said, number of: 
amplitude comparisons: to provide a controlling. 
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28: 
voltage for... rendering, inoperative: said applica 
tion, controlling means. 
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