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The present invention relates to an improve 
ment in a television transmitting system and 
particularly the manner in which the signals de 
rived from the television transmitting tubeare 
amplified prior to their being modulated and 
transmitted. ' 

In television transmitting systems a trans 
mitting tube is provided which primarily per 
forms the function of converting a light image 
into a series of signals representative thereof, 
the series of signals being conventionally called 
video signals. These signals are, of course, rela 
tively small in magnitude or intensity and con 
siderable amplification of the signals is neccs 
sary before they may be used to control the 
modulation of the television carrier frequency. 
The carrier frequency as modulated by the video 
signals is then transmitted and is ultimately re 
ceived at a receiving station where the receiving 
apparatus utilizes the detected video signals to " 
reconstruct an image of the picture transmitted. 
The fidelity of the picture constructed at the 

receiver depends upon the operating character 

Other purposes and advantages of the present 
invention will become more apparentjto those 

v skilled in the art from a reading .of the followingv 

it' 

istics of the various elements of both the trans- ,_ 
mitter and the receiver, and it is of course de- ‘ 
sirable that each element of the system operate 
in a manner such> that true over-all fidelity is 
possible. For such operation, the strength of 
the video signals should be directly proportional 
to or should bear a definite and constant rela 
tionship to the light intensity of the image 
brought to focus upon the light sensitive elec 
trode of the television transmitting tube. 

It has been found, however, that some tele 
vision transmitting tubes per se do not strictly 
comply with these requirements since the rela 
tionship between the signal output of the tele 
vision transmitting tube and the light intensity 
projected on the light responsive electrode there 
of is not specifically linear. 

It is therefore one purpose of the present in 
vention to provide a means whereby the signal 
output from a television transmitting tube may 
be so amplified that the amplified signal may 
bear the proper relationship to the light intensity 
of the image to be transmitted. . 
A further purpose of the present invention re 

sides in the provision of means whereby certain 
signal strengths may be amplified to a greater or 
lesser extent than other signal strengths in order 
that the over-all operating characteristics of the 
television transmitting tube and the ampliñers 
approach or acquire the linear relationship that 
is desirable'. " 

to 
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’ priat'e lens system I6. 

specification and‘claims, particularly when c_'on 
' sidered in connection with the drawing wherein: ' 

Figure 1' `shows schematically a television 
transmitting tube and the associated circuitv ele 
ments; i ' ` ` ' 

Figure 2 shows one 
tem, and ' l , 

Figure 3 shows a set of curves representing the 
operating characteristics of a vtelevision system 
when operated in accordance with the present 
invention. l " ' ’ " 

form of an amplifying‘sys-I 

Referring now to the drawing, and particularly 
to Figure 1, a television transmitting tube I'D is 
shown, which includes alight sensitive electrode ' 
l2 upon which an image of an object I4 may be 
brought to focus through the use of an approi> 

The electrode l2v may, 
for example, be composed of ’a plurality lof ele 
mental photoelectric elements electrically `in 
sulated from each other so -that each> element 
may operate as anqindividual photoelectric 'cell 
and will respond to the intensity of the v.light 
projected thereupon. For converting the ’charge 
image or the electrical image present upon ¿the 
light responsive electrode into »a series of video 
signals a cathode ray generating means is pro-f 
vided. The cathode ray gun is shown at I8,l and 
the cathode ray produced thereby is projected to-y 
ward the electrode I2 and is caused to'be de-l 
ñected in two substantially normal'directions vin 
order that the light responsive electrode may be 

v scanned in a systematic manner. The deiiecting 
means for the cathode ray beam may be electro 
static plates or it may be electromagnetic coils 
or a combination of these two means, neither 
of which is shown. ' Í 
When a light image is brought to focus upon 

the light responsive electrode >l2 and the surface 
of .the electrode is scanned. by the cathode ray 
beam produced by the gun structure l8,«a series . 
of Video signals may be derived-from‘the signal 
plate of the electrode l2 andthese signals are 
impressed upon a load resistance 2û._ The vary 
ing intensity ofthe signals of course »produces 
varying voltage drops along the load resistance 
20 so that the potential of conductor 22 varies in 
accordance with the strength' ofthe Video sig 
nals and also in accordance with the light in 
tensity projected upon the light responsive elec 
trode. For increasing the intensity or strength 
of these video signals an amplifier 24 is provided 
which may be a conventional broad band ,am-v 



2.. 
pliñer capable of handling the frequencies pres 
ent in a video signal series. 
In Figure 3 is shown the characteristics of 

certain television transmitting tubes wherein the 
strength of signal is shown with respect to the 
intensity of light projected on the light respon 
sive electrode thereof. Up to a light value of A 
the signal output of the television transmitting 
tube remains more o'r less linear but when the 
light value is increased from the value A to the 
value B, the signal output of the tube does not 

10 

continue linearly but follows somewhat in the Í 
manner represented by the curve OAB. - -v «» 

It would be highly desirable to have the output 
characteristics of the televisionftransmittin'g` 
tube bear a more linear relationship between the 
signal output and the light projected upon the 
light responsive electrode, andgin order-to pro 
duce such a characteristic it would be necessary l 
to increase the intensity of the signals during 
those periods when higher light intensities are 
projected upon the electrode l2. Such a linear 
or substantially linear condition may be produced 
by amplifying the signals produced under more 
intense light conditions by larger amounts than 
the signals produced under Ythe lower light values. 
For performing this function, the characteristics 
of an “expander” have been found to bedesir 
able, since an expander ampliñer does not re 
spond in a Vlinear manner but instead ampliñes 
signals of higher intensity to a greater degree 
than low intensity signals. 
When an expander is applied to the video sig 

nals as derived from the amplifier 24, the ex 
pander being so adjusted and having the charac 
teristics that it becomes eiïective for all signal 
values above a value corresponding to the light 
Value A, the characteristics of the system, includ 
ing the transmitting tube I0, the ampliñer 24 and 
the expander 30, follows a curve such as OAB’ 
rather than the curve OAB. It may be seen, 
therefore, that the relationship between the sig 
nal output of the expander 30 and the light pro 
jected upon the light responsive electrode I2 be 
comes more linear with the result that the fidel 
ity of the signalsafter having been expanded is 
materially increased over unexpanded signals. 
The signals, after being expanded by an 

amount sufficient to ‘produce operating charac 
teristics such as that shown by the curve OAB',A 
are then further ampliñed and used to modulate 
the carrier frequency', the modulated carrier be 
ing then applied to the television transmitting 
aerial 36. 

It is true that, while the expander is increas 
ing the ampliñcation of certain signals lying 
within the region corresponding to the light val 
ues from A to B, the signal noise is also ampli 
?led by a like percentage as represented by the 
curve LM over the usual noise curve LN. Even 
though the noise is amplified by a certain per 
centage, the ratio of noise to video signal remains 
constant so that no disadvantages arise from this 
standpoint. 

In Figure 2 is shown an example of an ampli 
fier circuit or expander circuit which may be used 
as explained'above in order to improve the signal 
level 'of the video signals, particularly in the re 
gion corresponding to high light values. Signal 
energy from the amplifier 24 (shown Vschemat 
ically in Figure l) may be applied to the input 
terminals 38, across which is connected a resist 
ance 40. ‘Associated with the resistance are a 
pair of slideably adjustable contacts ̀ 42 and 44. 
The contact> 42 is connected to the control elec 
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-tive source of potential. 

trode 46 of a multi-grid discharge tube 5D. The 
cathode of the tube 5D is connected to the con 
trol electrode 46 of a multi-grid discharge tube 
5U. The cathode of the tube 50 is connected to 
ground by Way of a resistance 48 in order that 
an appropriate grid bias may be maintained upon 
the tube, and the resistance 48 is by passed by 
an appropriate condenser 52. The tube 50 may 
correspond to a conventional pentagrid mixer 
and #2 and #4 grids, which are’connected to 
gether within the tube, are supplied with a posi 

The suppressor grid or 
#5 grid is connected to the cathode of the tube. 
It is well known that the potential which is ap 
plied to the #3 grid (which is conventionally 
called the “oscillator grid” affects and in part de 
termines the gain of the tube. If the potential 
`of grid 54, that is, the #3 grid, is maintained at a 
constant potential, then the tube 50 operates at 
a constant gain. 
In order to control the potential of the grid 54 

in order to vary the characteristics of the tube 
50 and' alter the gain ofthe tube, a pair of dis 
charge tubes 56 and 58 are provided. The tube 
56 comprises a cathode, acontrol electrode and 
an anode, and the cathode is connected toground 
by Way of a cathode resistance 6U which is by 
passed by a condenser. The control electrode of 
the tube 56 is supplied with signal energy from 
the movable contact 44, and the anode of the 
tube is supplied with a positive source of potential 
through any appropriate load resistance 62. 
The discharge tube 58 functions as a rectiñer 

and includes only an anode and a cathode. The 
anode of the tube 58 is normally maintained 
slightly negative with respect to the cathode, 
and. this negative potential is made adjustable 
through the provision of adjustable 'contacts 64 
and 66. These contacts are connected to the an 
ode and cathode of the tube 58 by way of resistors 
68 and 'l0 respectively. The movable contacts 
64 and. 66 cooperate With a potentiometer 12, 
one end of which is connected to ground, where 
as the other end is connected to a source of nega 
tive potential. `The amplified signals are im 
pressed across the anode and cathode of the tube 
58 by way of ground and the coupling condenser 
14, and in View of the fact that the anode of the 
tube 58 is maintained negative with respect to its 
cathode‘by a voltage e as determined by the set 
ting of the'adjustable contacts 64 and 66, no 
current will be passed by the tube 58 until the 
signal energy applied thereto exceeds the voltage 
e. When the signals applied tothe tube 58 are 
of a value less than the voltage e, the control 
electrode 54 of the tube 581s maintained at a 
constant negative potential and the tube 50 op 
erates at constant gain as determined by this 
negative potential. When, however, the signal 
energy applied to the tube 58 exceeds the voltage 
e, then a certain amount of current will be per 
mitted to flow through the discharge tube 58, 
which current will cause a change in potential 
of the cathode of the tube 58. This change in 
potential is thenappued to the #s grid or grid 
54 of the discharge tube ̀5l! in order' to alter the 
operating characteristics of the tube; When the 
signal strength is of sutücient amplitude to ex 
ceed the voltage e and to permit current to flow 
throughV the tube 58, the potential of the grid 
54 is made less negative so that the amplifying 
characteristics of the tube 50 are increased. 
The anode of the tube 50 is, of course, supplied 
with a source-of positive current by way of a 
load resistor ‘I6 and the output fromu the am 



dessinee 
plifyinlg vîtuloe 150 is' impressedL-fupon ¿the ¿output 
fterminal‘szlß throfugh.-r the (couplingl.condens'erì'ßl 

` When:such.aïlsystem‘l'isxused, itimay'fb'e seen 
ltha‘t signals which .areiimpressediacross ’the input 
‘resistance’ Mi are »ampliñed by 'the "dischargeltube 
i5!) ¿in accordance with its 'characteristics »sof-long 
'.a's the strengthf of` the signalsiremainfbelow la 
 predetermined. value.l . :.If, however, Jthese- r:signals 
:exceed this` value` so asïto cause’ theisignals ¿which 
„are ¿applied :to the ytube .'58 ïtozexcee‘d Lthe-Lvoltag'e 
e, then the operating characteristics..ofïthe’tube 
50l1are' altered .intaccòr'dance with the change in 
potential of the #3 grid and the tube 5D then op 
erates in accordance with an altered characteris 
tic in order that signals of such strength are am 
pliñed to a greater degree. 
fore, operates as an expander circuit to amplify 
strong signals by an amount in excess of the am 
pliñcation of weaker signals, 
The degree of expansion can be readily con 

trolled by adjusting the position of the contact 
44 along the resistance 40, and the strength of 
the signals at which expansion begins may be 
altered by varying the value of the potential e. 
It is desirable that this value be made adjustable 
in View of the fact that obviously not all televi 
sion transmitting tubes have the same output 
characteristics. Expansion should begin to be 
effective at a signal strength corresponding to a 
light value A (see Figure 3). 

It will be noticed that this expander circuit 
is slightly different from the expander circuits 
conventionally used in audio channels inasmuch' 
as the expander circuit shown in Figure 2 op 
erates instantaneously. In expander circuits 
for audio frequency use the expansion response 
should be delayed in order that the actual re 
produced audio frequency will follow the origi 
nal rendition. In television use, however, it is 
desirable that the expansion operate substantial 
ly instantaneously and at a rate corresponding to 
the picture resolution of the television system. 
In order that the expander circuit may operate 
instantaneously no time Constant circuits have 
been included in the conductor from the dis 
charge tube 58 to the grid electrode 54 of the 
tube 50. 
Inasmuch as expander circuits are more or less 

well known in the art, a further discussion of the 
expander circuit shown or other expander cir 
cuits which may be used is believed to be unnec 
essary. The patent to John F. Dreyer, Jr., 
#2,077,466, of April 20, 1937, shows a typical ex 
ample of an expander circuit for use with audio 
frequencies and a more complete description of 
the operation of expander circuits may be found 
in this patent. _ 

From the above, it may be seen that a new 
method of operating a television transmitting 
system has been devised so that the signals trans 
mitted by the system may bear a more deñnite 
and exact relationship to the light values pro 
jected upon the light responsive electrode of 
the television transmitting tube, and accordingly 
the signal received by the receiver and likewise 
the image produced thereat will bear a closer re 
semblance to the image brought to focus upon the 
light responsive electrode of the transmitting 
tube. 

Since expanders of the type referred to above 
may be controlled as to the degree of expansion, 
and since the signal level by which the expander 
becomes effec-tive may be controlled, it follows 
that appropriate over-all operating characteris 

The system, there- - 
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vlvision` transmittingtube.having a non-linear sat 
zuratioriif?esponse." ï 'f l ï ' A . 

‘ >Althoughxonly. one ~example offan> expander cir 
:cuit .is shown' in .thel'disclosure :it is‘ to 'Ibe `under 
»stood;that:any.»appropriatefexpander»mayfbe -used 
-lwhichv >will `complylwith the requirements ofthe 
disclosure, landifurthermore', »theï-ltelevision sys 
?'temswithwhicli y the lexpander isA associated v'has 
:been: ¿shown schematically, fsince thev Í-use . of an 
'expander ‘itov' correctïïthe over-all ¿characteristics 
.ofla-'L‘television transmitting system maybe »vap 
~plied3 ët’ofsubstantiallyïany .television-ì system 
wherein: such'corr'ection "i`sll desirable for necessary. 

Furthermore, it is to be understood that al 
though a somewhat particular television trans 
mitting tube is shown schematically in Figure 1, 
any television transmitting tube capable of trans 
forming a light image into a series of television 
‘signals could replace the tube shown. 

Various other modifications and alterations 
may be made in the present invention without 
departing from the spirit and scope thereof, and 
it is desired that any and all such modiñcations 
be considered within the purview of the present 
invention except as limited by the hereinafter 
appended claims. 

I claim: 
l. In a television transmitting system wherein 

a transmitting tube is provided for converting 
an optical light image into a series of electrical 
signals representative of the light values of the 

. image and in which the response characteristics 

35 

40 

50 

l 

55 

'.60 

65 

70 

of the transmitting tube are such that signals 
corresponding to light values in excess of a pre 
determined amount are attenuated, means for 
amplifying said series of produced electrical sig 
nals including an electron discharge tube having 
a cathode, a first control electrode, a second con 
trol electrode and an anode, a resistance for con 
necting the cathode to a point of fixed potential ` 
means including a load resistance for maintain 
ing the anode positive with respect to the cath 
ode and with respect to the point of ñxed poten 
tial, means for applying the series of produced 
electrical signals between the ñrst control elec 
trode and the point of fixed potential, means in 
cluding an electronic device connected to said 
second control electrode for varying the poten 
tial of said second control electrode with respect 
to the point of ñxed potential in response to the 
signal strength of the series of produced elec 
trical signals to increase the gain of the electron 
discharge amplifying tube when the intensity 
of electrical signals representing light values is in 
excess of the said predetermined amount in pro 
portion to their intensity, whereby the over-all 
characteristics of the transmitting tube and the 
amplifier will be such that a substantially direct 
relationship exists between the strength of the 
signals and the value of light projected on the 
light responsive electrode of the tube. 

2. In a television transmitting system includ 
ing a transmitting tube for transforming an op 
tical light image into a series of electrical signals 
representative of the light values'of the image 
and wherein the characteristics of the trans 
mitting tube are such that a non-linear condition 
normally exists between the intensity of the elec 
trical signals and the value of the light projected 
on the light responsive electrode of the tube for 
light values in excess of a predetermined amount, 
means for amplifying the series of signals, includ 
ing an electron discharge tube having a cathode, 
a first control electrode, a second control elec 

tics may be obtained for substantially any tele- 75 «trode and an anode, a resistance for connecting 
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the cathode to a point of ñxed potential, means 
including a load resistance for, maintaining.v the 
.anode positive with respect to the cathode _and 
with respect to the point ̀of ñxed potential, means 
Yfor applying'theseries of Vproduced electricalrsig- i: 
_nals betweenthe >iìrst controlielectrode andìthe 
point of fixed potential, means includingA an elec, 
tronic device connected to vsaid second 'control 
electrodeffor varying the potential of said‘second 
control electrode‘rwith respect to thè„point `,of i 
.ñxed potential in response to the signal strength 
of Athe series oirproduced electrical signals tozin 
crease the gain of the electron discharge amplify 

ffl 

ingftube ̀ when the" intensity of the electrical sig 
nals representing light values is in excess of the 
said predetermined amount only, whereby sig 
nals corresponding to light values >in excess of 
the said predetermined amount are ampliñed by 
an amount greater than ̀ the amount by which 
signals corresponding to light values below the 
said predetermined amount are amplified to re 
sult in a substantially linear relationship between 
the ampliñed electrical ¿signals and 'the 4light 
values of the image. ` n ‘ ` n 

i WIILARD HICKOK. 


