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Claims. 

The present invention relates to electro-optical 
Systems and more particularly to receiving means 
for use in television. 
One form of present day television receivers 

Comprises an Optical System including a light 
Source Supplying light of constant intensity which 
is controlled by means actuated by the incoming 
image current to vary the light supplied to the 
eye of an observer, or projected on a screen, in 
aCCOrdance With the tone values of Successive ele 
mental areas of the field of view scanned at a 
transmitter, or a light source Supplied with re 
ceived image current which causes the intensity 
of the light supplied by it to vary as the tone 
values of the Successive elemental areas of the 
SCanned field, in combination with a moving 
member provided With a series of apertures ar 
ranged in a Spiral, operated in synchronism and 
in phase With the Scanning member of the trans 
mitter and at a rate such that the complete scan 
ning cycle is effected within the period of per 
sistence of vision, whereby the light of varying 
intensity is utilized to set up on the retina of the 
eye of an observer, or on a receiving Screen, an 
image of the field of view scanned at the trans 
mitter. 
For high quality image production, the image 

Current necessarily consists of a band of current 
Components which extend from approximately 
Zero frequency to an upper limiting frequency of 
Several thousand cycles. In the operation of 
such image producers, wherein a light source is 
Supplied with image current through amplifiers, 
a certain amount of distortion is introduced, 
caused by the non-linear relation between cur 
rent Supplied to the lamp and the brightness of 
the light, i. e., due to the failure of the lamp to 
faithfully follow the current variations, and the 
Sensitivity of the lamp and image current ampli 
fiers to variations of the energizing voltages sup 
plied to them. 
As the art develops and increased definition is 

resorted to, the upper limiting frequency of the 
image Current may Well be of the Order of a mil 
lion cycles, in Which event the distortion due to 
the above mentioned causes may be greater than 
can be tolerated and may be so great that it Will 
be impossible to produce an intelligible image. 
An object of the present invention is to over 

come the above noted disadvantages by supplying 
the signal variations through a balanced bridge 
netWork, one arm of Which is connected to a light 
Source, using radiations from the light source to 
control the production of Current variations and 
apply these variations to the bridge so that they 
are in phase opposition to Signal variations sup 
plied to the light source. 
A detail description of the invention follows 

and is illustrated on the attached drawing, which 

(C. 178-6) 
is a diagrammatic showing of one form of tele 
Vision receiver involving the invention. 
A television transmitting apparatus of the type 

disclosed in application of Frank Gray, Serial No. 
227,649, filed October 21, 1927, may be used to 5 
Supply an image current, varying as the tone 
Values of elemental areas of the field of view or 
object at the transmitting station, for transmis 
Sion. Over a channel, i. e., either a wire line, or a 
line carrier or radio channel. 
Such transmitting apparatus is diagrammati 

cally shown in the drawing as comprising an opti 
cal System including a Source S supplying light 
of constant intensity, a lens b, a disc k, driven by 
a motor M and provided with apertures a ar- 5 
ranged in a Spiral for producing a moving beam 
of light of high intensity for illuminating succes 
Sive elemental areas of an object or field of view 
F, and a light Sensitive device P, adapted to re 
ceive light reflected by the object to be thereby 20 
activated to cause the production of an image 
Current, which is amplified by the device A and 
Supplied to a transmission circuit TC. This cir 
cuit may be connected to a transmission line or 
to the input of a carrier transmitting apparatus, 25 
the output circuit of which may be connected to 
a carrier line or radio transmitter. The field of 
View is completely Scanned during one revolution 
of the disc k, which should be rotated at Such 
Speed that complete Scanning is effected within 30 
the period of persistence of vision. For a more 
detailed disclosure of the transmitting apparatus, 
reference may be made to the above-mentioned 
Gray application. 
At the receiving station the incoming image 35 

Current is received by the device R. For direct 
transmission over a wire line, this device may 
include a Selecting and amplifying means and, 
for carrier transmission, the device R may include 
detecting Or demodulating means as well as the 40 
necessary Selecting and amplifying means. In 
either case the image current is supplied through. 
the circuit connected to one set of conjugate 
terminals 2 and 3 of the conjugate network or 
Wheatstone bridge 4. The signal potentials de- 45 
veloped across the arm 2-5 are impressed upon 
the input electrodes 7 and 8 of the amplifier 9, the 
output circuit of which includes the glow lamp 
0. ASSociated with the glow lamp 0 is a rotat 

ing disc provided with a spiral of apertures 2.50 
This disc is Operated to effect a complete revo 
lution within the period of persistence of vision, 
in Synchronism and in phase with the scanning 
member at the transmitter. It thereby cooper 
ates with the light source 0 to set up an image 55 
of the distant field of view or object, which may 
be directly viewed by an observer ID or projected 
On a Screen by means of a suitable optical System. 
Any Suitable means may be used for main 

taining the discs k and in synchronism and in 60 
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2 
phase with each other. For example, the syn 
chronizing System disclosed in U. S. Patent 
1,999,376 of H. M. Stoller, issued April 30, 1935, 
may be used for this purpose. 
In the field of radiation from the lamp f is a 

light sensitive device 3 herein shown as a pho 
toelectric cell adapted to be energized by a source 
4 in series with a resistance 5. This resistance 

is connected to the input electrodes of a vacuum 
tube amplifier 6 which is Supplied with space 
Current by the Source T. 
The output circuit 8 of the amplifier 6 is con 

nected through a variable attenuator 9 to ter 
minals 5-6 of the conjugate network 4. By 
adjusting the attenuator 9, the amplitude of 
the current Supplied to the network may be con 
trolled and, for the purpose of the present inven 
tion, the current supplied to the terminals 5-6 
Should be of Such sign that the current flowing 
through the arm 2-5 of the network is in phase 
Opposition to the Signal current Supplied over the 
line . 
AS is noW Well known, the use of glow lamps in 

Connection. With the transmission of pictures for 
television and telephotography has been charac 
terized by a number of disadvantages. First, the 
relation between input current and the bright 
neSS of the light Supplied by the lamp is non 
linear. This non-linearity effect causes the con 
trast in certain tone regions to be compressed and 
in other regions to be extended. Again, the lamp 
does not always faithfully follow the current va 
riations, and both the lamp and its attendant 
annplifier are Very Sensitive to variations in the 
Supply Voltages, SO that allowable changes in these 
Voltages must be restricted within very narrow 
limits in Order to obtain Satisfactory operation 
of the reproducing apparatus. Moreover, vac 
uum tube amplifiers, used as repeaters, have been 
found to suffer from non-linearity of response, 
and Sometimes fail to faithfully follow variations 
of the Voltages impressed upon their input elec 
trodes. All of these effects tend to cauSe distor 
tion of the picture or image produced at the re 
ceiver with respect to the original scanned at the 
transmitter. 

In the operation of the apparatus described 
above, the light supplied by the lamp to not only 
varies in accordance With the varying amplitudes 
of the signal current, but also in accordance with 
the variations introduced by the undesired or dis 
torting operation of the lamp and amplifiers, etc. 
This fluctuating light is Supplied to the photo 
electric cell 3 which is thereby activated to cause 
the production of a current which varies as the 
signals and also in accordance With the unde 
sired variations. This current after being an 
plified by the device 6 and regulated by the at 
tenuator 9 is fed back to the input electrodes of 
the amplifier 9 in such manner that its direct 
current component opposes the direct current 
component of the signal current Supplied by cir 
cuit or line to reduce the gain of amplifier 9 and 
thereby render it more linear in its response and 
less susceptible to variations of its Supply Source. 
A further improvement is obtained, in that by 
maintaining the loss through the feedback circuit 
distortionless with respect to frequency for the 
frequency region of amplification of the repeater, 
the overal gain of the repeater will be made more 
nearly constant in that region. These improve 
ments will all increase in proportion to the ex 
tent to which the overall gain is reduced by the 
energy fed back. For practical purposes, it is 

2,031,728 
desired to keep the suppression effected by the 
energy fed back independent, at least within rea 
Sonable limits, of the impedances of the signal 
input and Output circuits connected to the re 
peater or amplifier 9. For a more complete dis 
closure of the gain suppression amplifier, briefly 
described above, reference may be made to appli 
cation, Serial No. 606,871 of H. S. Black, filed 
April 22, 1932. 
While for purposes of illustration, a single stage 

of amplification including one vacuum tube 9 is 
shown for repeating the signal and but One re 
peating tube 6 is shown in the feedback circuit, 
it is to be understood that more than one tube 
may be used in either Or both of these circuits. 
However, it is essential that the number of re 
peater tubes in the respective circuits and their 
connections be such that the photoelectric cur 
rent produced by the cell 3 shall be applied to 
the input electrodes of repeater 9 in Such phase 
relation as to oppose the signal wave supplied 
thereto over the circuit . Obviously if a two 
Stage amplifier Were used in place of tube 9, it 
Would be necessary to either reverse the connec 
tions of the photoelectric cell 3 to amplifier 6 
Or to use tWO stages of amplification in place of 
the single Stage shown at 6, in order to preserve 
the correct phase relation between the signal 
and the energy feedback to the input electrode 
of the two stage amplifier. 

In the arrangement illustrated it is only neces 
Sary to use a Single conjugate network, i. e., in 
connection with the input side of the amplifier 9, 
inaSmuch as reasonable precautions can readily 
be taken to make the optical coupling between 
the lamp ?o and photoelectric cell 3 indepen 
dent of the conditions existing on the observer's 
side of the Scanning disc. However, if desired, 
a conjugate network may be included in the out 
put circuit of amplifier 9, as disclosed in the above 
mentioned Black application. 

If it is desired to prevent the circulation of 
direct current in the conjugate network and if 
the received signal contains no useful direct cur 
rent component, blocking condensers may be in 
Serted in appropriate places in the input bridge. 
The System described above possesses the foll 

lowing advantages. The modulation products and 
harmonics produced by the repeater 9 are re 
duced in proportion to the amount of gain Sup 
pression, the Susceptibility of the lamp to varia 
tions in its voltage supply and in the Woltage 
Supplied to the amplifier 9 is reduced in propor 
tion to the amount of gain suppression and the 
Speed of response of the glow lamp is increased, 

Will be apparent from the following considera 
IO. 

When gain Suppression is not used, the lag of 
the lamp may be viewed as a diminution of the 
response of the lamp with increase of frequency 
cof the applied signal wave. That is, for a given 
Current of pure Sine wave supplied to the receiv 
er, the brightness of the glow will decrease as 
the frequency is increased. However, if the feed 
back circuit itself is distortionless with frequen 
cy, the use of gain Suppression will make the 
Overall characteristic of the apparatus more 
nearly distOrtionless, with the result that a given 
diminution of brightness in response of the lamp 
from that given for a corresponding direct cur 
rent applied thereto, will now be reached at a 
higher frequency than would be the case if the 
feedback for reducing the gain of the repeater 
Were not used. 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

0. 

5 



0 

5 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

2,081,728 
What is claimed is: 
1. An electro-optical receiver comprising a 

conjugate network, means for Supplying incom 
ing image current to One set of conjugate ter 
minals of said network, an amplifier Supplied with 
image current variations produced in one arm of. 
Said network, a light Source included in the out 
put circuit of said amplifier, means for Scanning 
light Supplied by said source to control the pro 
duction of an image of a field of view, and means 
for causing the response of said light source to 
be linearly related to said incoming image cur 
rent, comprising a light sensitive means supplied 
With light from Said source, means for Supplying 
Current Variations produced by said light sensi 
tive means to the other conjugate terminals of 
Said network, said last-mentioned means includ 
ing means for causing the varying current flow 
ing through the image current arm of said net 
Work and Supplied to said amplifier to be in 
phase opposition to the incoming image current 
Supplied thereto. 

2. An electro-optical receiver comprising a 
Wheatstone bridge, means for supplying incom 
ing image current to one diagonal of said bridge, 
an amplifier Supplied with image current vari 
ations produced in one arm of said bridge, a light 
Source included in the output circuit of said am 
plifier, means for scanning light supplied by said 
Source to control the production of an image of a 
field of View, and means for causing the response 
of Said light Source to be linearly related to said 
incoming image current, comprising a light sen 
Sitive means, activated by light from said source 
to control the production of current varying as 
the light variations supplied by said source, means 
for Supplying said varying current to the other 
diagonal of Said bridge, said last-mentioned 
means including means for causing the varying 
Current, flowing through the image current arm 
of the bridge and supplied to said amplifier, to be 
in phase Opposition to the incoming image current 
Supplied thereto. 

3. An electro-Optical receiver comprising a 
Wheatstone bridge, means for supplying incom 
ing image Current to one diagonal of said bridge, 
an amplifier Supplied with image current vari 
ations produced in one arm of said bridge, a light 
Source included in the output circuit of said ampli 
fier, a moving member having apertures for scan 
ning the light Supplied by said source to control 
the production of an image of a field of view, and 
means for causing the response of said light 
Source to be linearly related to said incoming 
image current, comprising a light sensitive elec 
tric means activated by light from said source 
to control the production of a varying current, 
means for Supplying said varying current to the 
other diagonal of Said bridge, said last-mentioned 
means including means for causing the image 
current, flowing through the image current arm 
of said bridge and Supplied to said amplifier, to 
be in phase opposition to the incoming image 
Current Supplied thereto, and an attenuator for 
controlling the value of the varying current sup 
plied to Said bridge. 

4. An electro-optical receiver comprising a con 
jugate network, means for supplying signal cur 
rent corresponding to a picture or representation 
to one set of conjugate terminals of said network, 
an amplifier Supplied With Signal current vari 
ations produced in One arm of said network, a light 

3 
Source included in the output circuit of Said ampli 
fier, means for utilizing light from said Source to 
control the production of an image of the picture 
Or representation, and means for causing said 
Source to faithfully respond to variations of said 
Signal current, comprising a light sensitive means 
Supplied With light from Said Source, means for 
Supplying current variations produced by said 
light Sensitive means to the other conjugate termi 
nals of said network, and means, included in said 
last-mentioned means, for causing said current 
variations flowing through the signal current arm. 
of said network to be in phase opposition to the 
incoming signal current Supplied thereto. 

5. An electro-optical receiver comprising a con 
jugate network, means for supplying signal cur 
rent corresponding to a picture or representation 
to one set of conjugate terminals of said net 
Work, an amplifier supplied with signal current 
Variations produced in One arm of said network, a 
light Source included in the output circuit of said 
amplifier, means for utilizing light from said 
Source to control the production of an image of 
the picture or representation, and means for in 
Creasing the Speed of response of said source com 
prising a light sensitive means Supplied With light 
from Said Source, means for supplying current 
Variations produced by Said light sensitive means 
to the other conjugate terminals of said network, 
and means, included in said last-mentioned 
means, for causing said current variations to be in 
opposite phase to signal current flowing through 
the Signal current arm of Said network. 

6. An electro-optical receiver comprising a con 
jugate network, means for supplying signal cur 
rent corresponding to a picture or representation 
to one set of conjugate terminals of said network, 
an amplifier Supplied with signal current vari 
ations produced in one arm of said network, a 
light source included in the output circuit of said 
amplifier, means for utilizing light from said 
Source to control the production of an image of 
the picture or representation, and means for in 
Creasing the range of signal frequencies to which 
the Source Will faithfully respond, comprising a 
light Sensitive means Supplied with light from 
Said Source, means for Supplying current varia 
tions produced by Said light Sensitive means to the 
other conjugate terminals of said network, and 
means, included in Said last-mentioned means, 
for causing Said current variations to be in oppo 
Site phase to signal current flowing through the 
Signal current arm of said network. 

7. An electro-optical receiver comprising a con 
jugate network, means for supplying signal cur 
rent corresponding to a picture or representation 
to one set of conjugate terminals of said network, 
an amplifier Supplied With signal current vari 
ations produced in one arm of said network, a 
light source included in the output circuit of said 
amplifier, means for utilizing light from said 
Source to control the production of an image of 
the picture or representation, and means for 
rendering the response of said light source sub 
stantially constant in the frequency range of said 
Signal Current comprising a feed-back circuit 
Which is distortionless in the frequency range of 
Said signal current and includes means for causing 
the current fed back to be in phase opposition to 
the Signal current flowing through the said one 
arm. Of the network. 

HARRY NYQUIST. 

5 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 


