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UNITED STATES PATENT OFFICE 
2,391,776 

INTELLIGENCE TRANSMISSION SYSTEM 
Gordon L. Fredendall, Feasterville, Pa., assignor 

to Radio Corporation of America, a corpora 
tion of Delaware 

Application May 29, 1943, Serial No. 488,969 
(C. 250-27) 6 Claims. 

The present invention relates to the art of sig 
naling, and more particularly to a novel device 
and method applicable in the transmission and 
reception of intelligence by signal impulses of 
Varying time duration. 
Sound or video signals may be transmitted by 

modulating a carrier in such a manner that the 
carrier itself may have constant amplitude and 
frequency but will be varied as by keying on and 
off. A System of picture transmission is shown in 
Patent No. 2,083,245, granted June 8, 1937, to 
Shore et al. A copending application of G. L. 
Fredendall et al., Serial No. 488,968, filed May 
29, 1943, discloses the transmission of sound by 
means of derived signal impulses of varying dura 
tion. The present invention provides a novel 
method of and apparatus for converting impulse 
signals derived, for example, by methods set forth 
in the Shore patent or in the above noted appli 
cation into the form of the signals from which 
they were derived. 
The principal object of the present invention is 

to provide novel apparatus for obtaining a vary 
ing amplitude signal from a Series of coded im 
pulses representing transmitted intelligence. 
Another object of the invention is to employ a 

detector of any usual type in a novel manner for 
the conversion of pulse Width modulation into a 
Wave of varying amplitude. 
Other and more Specific objects of the invention 30 

Will become apparent from a consideration of the 
following specification and claims in connection 
With the accompanying drawings, illustrating one 
form of the invention in which: 

Fig. 1 illustrates in block diagram form a tele 
vision transmitter in Which Sound is transmitted 

... in the form of variable width pulses. 
Fig. 2 is a diagrammatic illustrative arrange 

ment in accordance with the invention for obtain 
ing a wave of varying amplitude from a series of 40 
width modulated pulses. 

Figs. 3 through 8 are illustrative of the manner 
of obtaining a wave of varying amplitude by the 
apparatus of Fig. 2. 

Fig. 1 of the accompanying drawings is similar 45 
to Fig. of the above mentioned Copending Fred 
endall et al. application and shows by Way of 
example one method of obtaining width modiu 
lated impulses representing Sound accompani 
ment in a television system. This arrangement 50 
is fully described and claimed in the above noted 
application and is included here for the sake of 
completeness of disclosure. The arrangement for 
obtaining variable width dots representing picture 
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mentioned Shore et al. patent and therefore need 
not be described or explained herein in detail. 

In Fig. 1, speech or other audible signals, which 
accompany image or video signals appearing in a 
Connection 0, are caused to influence a Sound 
signal device 2, which may be the usual type of 
microphone, and are then supplied to a Sound 
amplifier and filter 4 whose output energy is 
directed to a modulator 6. The Wave form of 
the derived signal from the modulator 6 is 
changed in an amplifier-limiter T and is applied 
to a mixer 8 so as to be combined with video sig 
nals from the connection O. A square Wave 
pulse source 9, which may be a multi-vibrator, 
is timed by a source of control impulses 2, which 
may Operate, for example, under control of the 
Synchronizing impulses which are employed in the 
usual manner to control the television scanner. 
Square Wave pulses from the source is are con 
verted by a wave shaper 22 into triangular im 
pulses which are applied to the modulator 6. 
The Wave form of the signals is indicated in the 
usual manner in the output of each piece of appa 
ratus. The output from the mixer 8 is supplied 
in any suitable manner to the oscillator and mod 
ulator of a radio station transmitter or to a Com 
munication circuit of any kind. 

In Fig. 2 the incoming signal is demodulated in 
any Well known manner (not shown) so as to 
obtain the series of variable width dots repre 
senting intelligence as shown in Fig. 3 of the 
drawings. It will be understood that if variable 
Width impulses are obtained in accordance with 
the arrangement shown ini the Shore patent, a 
Simple demodulating step Will be used to obtain 
these pulses from the radio frequency carrier. If 
the series of impulses represents the sound ac 
companiment transmitted along with television 
video signals in accordance with the arrangement 
shown in the above noted Copending application, 
these pulses will be separated from the video and 
the Synchronizing signals after demodulation of 
the radio Carrier, preferably in the manner dis 
closed and claimed in the Said application. 

This method comprises, briefly, an arrange 
ment wherein a thermionic device is biased to cut 
off except at times when the video signal is not 
present, and therefore the output of this electrical 
device represents reconstructed variable width 
impulses free of noise and interference and of the 
type shown by Fig. 3 of the accompanying draw 
ings. 
The variable width impulses derived either 

from a Sound or a facsimile signal as in the Shore 
intelligence is disclosed in detail in the above 55 et al. patent, above noted, are applied to the in 
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put of a differentiator 25. This differentiator 
may comprise a high pass filter or it may be a 
stage of amplification in which the grid resistor 
and the input condenser Serve as a high pass RC 
circuit. If the amplifier type of differentiator is 
employed, the pulses may be of negative polarity 
so that after inversion, the initial peaks will be 
of positive polarity. 
The output of the differentiator 25 is shown in 

Fig. 4 of the drawings and comprises narrow 
pulses 2 and 28 at the leading and trailing edges 
of the variable width pulses 26 of Fig. 3. The 
signal illustrated by Fig. 3 is composed of a 
series of pulses characterized by leading edges 
which are periodic in time, and trailing edges 
having positions which are determined in ac 
Cordanice with the modulating wave. As an ex 
ample, the width of the pulse may be proportional 
to the instantaneous value of the complex modul 
lating wave at the instant of the occurrence of 
the trailing edge. The Successive pulses 2 are 
periodic, that is, they occur at equal time inter 
vals; whereas the time of occurrence of a pulse 
28, following a pulse 27, is determined by the 
width of the corresponding impulse 26 of Fig. 3. 
The strictly periodic pulses 27 are applied as a 

synchronizing means to a multivibrator or other 
suitable type of Square wave generator 29. The 
timed square wave impulses 3 (Fig. 5) from the 
multivibrator 29 are applied to a wave shaper 32, 
which may be a triangular wave generator of any 
suitable type. Fig. 6 illustrates the output of 
the wave shaper 32 which comprises triangularly 
shaped impulses 33. The circuit elements 29 and 
32 may be similar to the elements f9 and 22 of 
Fig. 1, a specific type of which is described by way 
of example in the above mentioned Copending ap 
plication of Fredenall et al. 
A clipper 38, which may be of any suitable 

type, eliminates the pulses 27 and passes along 
only the pulses 28 amplitude limited in Order to 
remove noise. The triangular wave 33 (Fig. 6) 
and the pulse wave composed of Successive pulses 
28 with their polarity reversed are added in a 
mixer 3, forming the composite wave shown in 
Fig. 7. The portion of the wave of Fig. 7 below 
the line ac-ac is removed by a clipper 39, and the 
useful remaining signal illustrated in Fig. 8 Con 
stitutes a series of modulated pulses which may 
be detected by a peak detector or an amplitude 
detector 42 of any desired type. This detector 
may be a conventional diode detector, a grid-bias 
detector or a grid leak detector. The Output con 
nection 43 of the detector $2 may be connected 
to a sound reproducer 48. If the variable width 
pulses 26 are derived at the transmitter from a 
representation of a picture or object in the man 
ner described in the Shore et al. Patent No. 
2,083,245 above referred to, the device 64 may be 
replaced by a picture recorder So that shaded 
tone pictures may be reproduced. 

If the variable width pulses 26 represent the 
sound accompaniment transmitted along with 
television video signals in accordance with the ar 
rangement shown in the above noted copending 
application, higher fidelity Sound can be obtained 
by increasing the number of Scanning lines so 
that the number of pulses of sound energy per 
picture field, assuming the same field repetition 
rate, will be higher, thus With vertical line Scan 
ning, the upper frequency register of the trans 
mitted Sound would be increased in the illustra 
tive example from approximately Seven kilocycles 
to approximately ten kilocycles. 
Warious modifications of the System shown and 
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2,891,776 
described herein by Way of example are possible, 
without departing from the spirit and scope of the 
invention described herein, and it is desired that 
any and all of such modifications be considered 
Within the purview of the present invention de 
fined by the hereinafter appended claims. 
Having now described the invention, what is 

claimed and desired to be secured by Letters Pat 
ent is the following: 

1. The method of converting a series of width 
modulated impulses into a series of amplitude 
modulated impulses comprising the steps of pro 
ducing a series of linearly varying impulses oc 
curring in timed relationship with said series of 
width modulated impulses, producing a series of 
impulses OCCurring in timed relationship with the 
end of a corresponding width modulated impulse, 
combining said linearly varying impulses with 
Said series of impulses to produce impulses of 
varying amplitude, and detecting said impulses of 
varying amplitude to produce a series of ampli 
tude modulated impulses. 

2. The method of converting a series of width 
modulated impulses into a series of amplitude 
varying output pulses comprising the steps of 
producing a series of impulses each having a steep 
front Side and a linearly sloping end and of sub 
stantially constant amplitude occurring in timed 
relationship with said series of width modulated 
impulses, producing a series of impulses occurring 
in timed relationship with the end of a corre 
Sponding width modulated impulse, combining 
said two series of impulses to produce impulses 
of varying amplitude, and detecting said impulses 
of varying amplitude to produce a series of ampli 
tude modulated impulses. 

3. The method of converting a series of width 
modulated impulses into a series of amplitude 
modulated impulses comprising the steps of pro 
ducing a series of triangular impulses occurring in 
timed relationship With said series of width 
modulated impulses, producing a series of im 
pulses occurring in timed relationship with the 
end of a corresponding width modulated impulse, 
combining said triangular impulses and said series 
of impulses to produce impulses of varying ampli 
tude, and detecting said impulses of varying am 
plitude to produce a series of amplitude modu 
lated impulses. 

4. Apparatus for converting a series of width 
modulated impulses into a series of amplitude 
Varying output pulses comprising means to pro 
duce a series of linearly varying impulses in timed 
relationship with said series of width modulated 
impulses, means for producing impulses in timed 
relationship with the end of each width modul 
lated impulse, means for combining said linearly 
varying impulses and said last named impulses, 
means to Suppress a portion of said combined im 
pulses, and wave detecting means for producing 
a series of amplitude varying output pulses. 

5. Apparatus for converting a Series of Width 
modulated impulses into a series of amplitude 
varying output pulses comprising means to pro 
duce a series of impulses each, having a steep 
front side and a linearly sloping end and of Sub 
stantially constant amplitude in timed relation 
ship with said series of Width modulated impulses, 
means for producing impulses in timed relation 
ship with the end of each width modulated im 
pulse, means for combining said linearly sloping 
end impulses and said last named impulses, means - 
to suppress a portion of said combined impulses, 
and wave detecting means for producing a series 
of amplitude varying output pulses. 
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6. Apparatus for converting a series of width 

modulated impulses into a series of amplitude 
varying output pulses comprising means to pro 
duce a series of triangular impulses in timed re 
lationship with said series of width modulated im 
pulses, means for producing impulses in timed 
relationship with the end of each width modul 

lated impulse, means for combining said triangu 
lar impulses and said last named impulses, means 
to suppress the triangular portion of said im 
pulses, and wave detecting means for producing a 
series of amplitude varying output pulses. 
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