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This invention relates generally to a method
and system for compensating for changes in
sensitivity in amplifier systems. It relates more
particularly to- an intermittently effective feed-
back system connected in an inverse or negative
feedback sense, and primarily, though not nec-
essarily, intended for use in correcting or com-
pensating for sensitivity drift in an electron
multiplier amplifier with-.or without a phototube
input forming an electro-optical system.

The present invention is- primarily, though not
necessarily, intended for use in' automatically
compensating for changes in phototube sensitivity
in a scanning process, especially in a process in
which photographic negatives, positives or other
images are scanned. The present invention is
described and illustrated in a form employing
electron multiplier phototubes of the electro-
statically focused type comprising a photosensi-
tive cathode and output anode and a plurality of
electrostatic focusing, secondary emission elec-
trodes (commonly known as dynodes). The R.
C. A. 931 electron multiplier is exemplary of suc
tubes, although the invention is applicable when
other various multiplier and even ordinary photo-
tubes are employed.

Electron. multiplier phototubes such as the
R. C. A. 931 are subject to a very considerable
degree of sensitivity drift primarily during con-
tinued operation of the tube although there is
some sensitivity drift due to aging. . ‘The sensitiv-
ity drift due to continued operation is probably
caused by a number of cooperating factors such
as temperature changes occurring in various ele-
ments of the phototube during continued opera-
tion thereof, such changes being either self caused
or caused by variations in ambient temperature,
and an inherent instability arising from the mode
of operation of such an electron multiplier photo-
tube wherein saturation current flows and rela-
tively little space charge limiting and stab111z1ng
effect is employed.

My invention provides an electron multlpher

. amplifier capable of operating in a stable manner
and virtually free from sensitivity driff, and great
advantages flow therefrom because the extreme
sensitivity or amplification and minimal space
and weight requirements of such multipliers can
now be utilized effectively. In spite of the ex-
treme sensitivity and high amplification of elec-
tron multiplier phototubes they have not here-
tofore proved to be satisfactory for use in electro-
optical systems intended for use where accuracy
is important unless such systems are operative
for extremely short periods of time only, in which
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case the time factor limits the sensitivity drift
to a relatively small value. A sensitivity drift
compensated electron multiplier phototube am-
plifier of the type I have invented will find ex-
tremely wide application in the art, and indeed
will probably replace most ordinary phototubes
heretofore used.

Generally - speaking, an illustrative preferred
form of the present invention comprises an am-
plifier system including a phototube and an am-
plifier effectively connected to the output of
the phototube, and inverse feedback means re-
sponsive to amplified phototube output signal ar-

" ranged to modify the light input to the phototube

in a negative feedback sense in accordance with
the value of the amplified phototube output signal
whereby sensitivity drift of the system will be

. minimized. In the preferred form of the pres-
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ent invention means are provided for intermit-
tently, alternately, effectively rendering the in-
verse feedback adjustment means effectively re-
sponsive and nonresponsive to the amplified
phototube output signal whereby the light input
to the phototube will be intermittently modified
in a negative feedback sense in accordance with

-the amplified phototube output signal during the
. corresponding intermittent responsive periods.

The present invention may also include refer-

.encing means for intermittently rendering the

modulation of the input to the system (which
may be electric input or light input) to be of a
selected reference value during the simultane
ous, intermittent periods when the inverse feed-
back means is effectivly responsive to the am-
plified phototube output signal. The inverse
feedback means may be arranged (whenever dur-

“ing a responsive period the amplified phototube

output signal differs from a selected standard
value) to modiiy the light input to the photo-

“tube in a manner tending to return the amplified

phototube output signal to the selected standard
value. In one preferred general form of the
present invention, the phototube is an electron
multiplier phototube amplifier of the type com-
prising a photosensitive cathode, an anode and

_a plurality of secondary emission electrodes, and

the system input is the light input to the photo-
sensitive cathode. The referencing means may
also be arranged to intermittently and frequently
apply a short-duration electric signal of a select-

- ed reference value across various or all of the

secondary emission electrodes of the electron

- multiplier phototube during the simultaneous, in-
" termittent periods when the inverse feedback

55

means is effectively responsive to deviation of
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the amplified phototube output signal from the
selected standard value and when the referencing
means causes the modulation of the light input
to the phototube to be of a selected reference
value. In another preferred general form of the
present invention, an electron multiplier photo~
tube of the type just described is employed, and
the system input is an electric input signal ap-
plied to the secondary emission electrodes of the
eleétron multiplier phototube.

The preferred form of the invention stand-
ardizés systém input conditions momentarily
during each intermittent period .of adjustment
by negative feedback means. During this in-
termittent period of adjustment the photfotube
current output regulates phototube lght input
in an inverse feedback manner until the photo-
tube current output falls within a narrow pre-
determined reference range. This virfually elim-
inates any change in effective sensitivity of the
photoelectric scanning unit. ‘Thus the present
Ainvention provides virtually complete :sensitivity
drift correction during each infermittent nsga-
tive feedback period o a degree of accuracy here-
tofore unattainable even with exceedingly com-
plex, continuous negative feedhack amplifiers
and servomechanisms.

The difficulty in  designing prior art negative
feedback amplifiers and servomechanisms where
a rapidly varying input signal is employed, is
that the more rapidly the signal varies the less
faithfully the negative feedback compensates or
corrects sensitivity drift in the amplifier. If an
exceedingly complex and sensitive negative feed-

back system .is employed it is extremely difficult :

to avoid the production of oscillation or insta-
bility in the system. Most prior art negative
feedback amplifiers and servomechanisms in-
tended for use with a rapidly fiuctuating input
signal are therefore compromises so arranged as
to avoid insiability and oscillation and yet have
the least possible error in sensitivity drift cor-
rection compatible with the instability and os-
cillations aveoidance requirements.

Through the use of the present invention, in-
stability and cscillation are avoided and yet dur-
ing each negative feedback periocd the sensitiv-
ity drift of the amplifier is virtually completely
corrected without error in a manner never be-
fore attainable.

Since the sensitivity drift in an amplifier,
whether of the electron multiplier phototube type
or not, is a relatively slow thing, the intermittent
correction thereof virtually without error is much
more desirable than the confinuocus relatively
inaccurate sensitivity drift correction of an am-
plifier attainable through prior art systems and
methods.

With the above points in mind:

It is an object of the invention to disclose and
provide a simple and efficient method of com-
pensating for changes in response characteristics
of a phototube, such as an electron multiplier,
at frequent intervals during the use of the cir-
cuit in which such tube is employed.

It is an object of the present invention to
provide an improved negative feedback system
for virtually completely correcting sensitivity
drift of an amplifier system.

It is a further object of the present invention
to provide an improved negative feedback sys-
tem for use with an amplifier to intermittently
apply negative feedback to the input to the am-
plifier in a manner tending to correct amplifier
sensitivity drift intermittently.
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Tt is a further object of the present invention
to provide an improved negative feedback sys-
tem for use with an amplifier to intermitiently
apply a selected reference input modulation to
the amplifier and simultaneously to apply nega-
tive feedback to the input to the amplifier in a
manner tending to return the amplifier output
to a selected standard value having a fixed re-
lationship to the input to the amplifier whereby
to intermittently compensate for amplifier sen-
sitivity drift.

Other and allied objects will be apparent to
those skilled in the art from a careful study of
the illustrations, specification and appended
claims.

To facilitate understanding reference will be
made to the following drawings in which:

Fig. 1 is a diagrammatic electrical schematic
drawing of one illustrative embodiment of the
present invention apphed to a logarithmic ampli-
fier circuit.

Pig. 2 is a schematic diagram illustrating a
modified feedback compensating system which
may be used with a logarithmic amplifier sys-
tem of the character shown in Fig. 1,

PFig. 3 is a diagrammatic electrical schematic
drawing of a third form illustrating the applica-
tion of the method to a system employing an
antilogarithmic amplifier.

Fig. 4 is a schematic electrical diagram, to-
gether with an -isometric view of a scanning
drum, showing means for periodically energizing
the adjusting system of my invention.

Fig. 1 iliustrates one embodiment of the pres-
ent invention employed in conjunction with a
logarithmic amplifier system of the general type
more particularly described in my co-pending
application, Serial No. 702,172, filed October 9,
1946, now Patent No. 2,454,871, and also described

v and illustrated in my Patent No. 2,413,706 in

conjunction with a mechanically driven scan-
ning drum adapted to carry a photographic neg-
ative or positive, or other image to be scanned
by the photocathode of the electron multiplier
phototube forming part of the legarithmic am-
plifier,

In the example illustrated in Fig. 1, an elec-
tron multiplier amplifier provided with means for
introducing an electronic input thereinto and
secondary emission controlling means, is shown.
The specific form of electron muitiplier amplifier
shown in Fig. 1 is of the type wherein the elec-
tronic input is provided by a photosensitive cath-
ode 2 and wherein the secondary emission con-

5 trolling means comprises g plurality of secondary

electron emission controlling . electrodes (com-
monly known as dynodes) indicated generally at
87. . The electron multiplier phototube 1 also in-
cludes an output anode 3. It should be noted
that the plurality of secondary electron -emission
electrodes 97 are connected at spaced points along
a resistor 4 through which a- controlled electric
current passes, thus applying the proper po-

. tential to each of the secondary emission elec~

trodes 87 for controllably producing secondary
electron emission from each of said electrodes
and electrostatically focusing the emitted elec-
trons upon the succeeding secondary emission
electrode. The original source of eléctrons is the
photosensitive cathode -which emits electrons in
response fto. light input thereto, which are then
electrostatically focused upon. the adjacent, suc-
ceeding secondary emission electrode, this con-

. 75 tinuing until the last emission electrode focuses
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the electrons emitted therefrom upon the output
anode 3.

The resistor 4 -is connecbed in series with a
rectifier tube 9 and terminals § and 6 of a regu-
lated, constant voltage power supply 1, the pur-
pose.of which will be more fully described here-
inafter. The photocathode 2 of the electron
multiplier tube is also connected to the lower end
of the resistor 4 and is also connected to the nega-
tive terminal of a power supply 30. .

"I should be noted that the terminal § of the
power supply is at a negative potential with re-
spect to ground and that the positive terminal 8
‘of the power supply 1 is grounded, thus connect-
ing the resistor 4 in series with an electron tube
-26-through the cathode 21 which is also ground-
ed. The anode 28 of the tube 26 is connected to
the positive terminal 29 of the power supply 30.
Since the power supply 30, in the example illus-
trated, is of 1400 volts potential which is consid-
erably greater than the potential supplied by
power supply 7, normally speaking the anode of
the rectifier tube 9 is negative with respect to the
‘cathode thereof, thus allowing no current to pass
through the circuit comprising rectifier tube 8,
the resistor 4 and the power supply 1. The only
current which normally flows through the re-
sistor 4 is that which flows from the power supply
30 through the resistor 4 to the terminal 5 of the
power supply T to the positive terminal 8 thereof,
which is grounded, through the cathode 27 of
tube 26 to the anode 28 of the tube 26 and back
to the positive terminal 29 of the power supply
30. Since this current flows through the tube 26,
.it can be seen that the current.normally flowing
through the. resistor 4 (and therefore the poten-
tials applied to the secondary emission control-

ling electrodes 97) is controlled by the bias of the

grid 25 of the electron tube 26.
The effective over-all amplification-of an elec-
tron multiplier tube of the type illustrated at 1 is
controlled by the potentials applied to the sec-
.ondary emission controlling electrodes 87 and
therefore-the amplification of the electron multi-
plier phototube | is controlled by the bias of the
grid 25 of the electron tube 26. Potentials here
given are illustrative only and not limiting.
_ The output anode 3 of the electron multiplier
phototube | is connected through a resistance 10
_to the positive terminal 31 of a power supply 28’,
which is grounded at 32. The terminal 3{ of
power supply 28’, in the example, is at a 300 volt
.positive potential with respect to ground. The
anode 3 is also connected to the grid {{ of an
electron tube 12, the cathode 13 of which is
.grounded and the anode 14 of which is connected
_through a resistance 15 to the terminal 31 of the
‘power supply 28’. The anode 14 of electron tube
12 is also connected through a resistance 16 to
the grid 18 of an electron tube 19, the cathode 20
“of which is grounded and the anode 21 of which
is connected through a resistance 22 to the posi-
tive terminal 31 of the power supply 28°. The
lower end of the resistor 16 and the grid 18 are
“connected through a resistance IT to the lower
terminal 271’ of the power supply 28’ which, in the
example illustrated, is at a negative potential of
- 300 volts with respect to ground. The lower end
. of the resistor 16, the upper end of the resistor 11
“and the grid (8 of the electron tube 19 are con-
nected through a resistor 33 and junction 50 to
inverse feedback means which will be more par-
ticularly described hereafter. The anode 2{ of
the electron tube 19 is connected through a re-
sistance 23 to the grid 25 of the electron tube 26
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‘electron 201.

215 closes the switch 2186.

6
and through g resistor 24, to the negative termi-
nal 21’ of the power supply 28’. - The lower end
of resistor 22 is also connected to the anode 200
of an electron tube 201, the cathode 202 of which
is grounded and also connected to a switch 203
arranged to selectively make contact with an
electric contact 284 connected to the grid of the
The grid and the contact 204 are
also connected through a resisfance 205 to a’
terminal 206 which is connected to the negative
terminal of a low voltage power supply (such as

—15 volts) sufficient to bias said tube beyond its

cut-off point.

From the above description it can be seen that
the output of the electron multiplier phototube
1 is resistively coupled to the succeeding ampli-
fier stage including the electron tube 12 which is
resistively coupled to the succeeding amplifier
stage including tube 1§ which is resistively cou-
pled to the succeeding amplifier stage includmg
tube 26, and that the output of tube 26 (which
corresponds to the output of the multiplier tube
1), controls the current flow through the resister
4 and consequently the potential across- the
dynodes of the electron multipler tube {, thus
controlling the amplification constant thereof
in an inverse feedback manner and tending to
maintain the anode output current of multiplier
tube | virtually at a constant value, irrespective
of light input to the photocathode 2 of the multi-
plier phototube. The voltage applied across the
bleeder resister 4 (which can be picked off at
the output terminal 49) has a virtually logarith- -
mic relationship to the light input to the photo-
cathode 2. The operation of this logarithmic
amplifier is more fully described in the herein-
above mentioned co-pending allowed patent
application Serial No. 702,172, filed October 9,
1946, now Patent No. 2,454,871, and it will not
be described in detail herein.

The input to the system in the example illus-
trated in Fig. 1 is understood to be light modu-
lated by a photographic positive or negative or
other image by means of a scanning process.
One form of scanning process which may be
used for this purpose is illustrated in Fig. 4. As
there shown, a photographic positive 207 is
mounted on transparent cylinder 208. Light
from light source 47 is focused on photographic
positive 207 by means of lens 209, and the light
which passes through photographic positive 207
and transparent cylinder 208 falls on phototube 1.
Phototube 1 is connected to the amplifier 210 by
means of conductors 211, 212, and 2i3.

Only so much of the scanning means has been
shown as necessary to the understanding of the
invention. The scanning unit consisting of light
source 41, lens 269, and phototube [ is a struc-

‘tural unit which, as is well known in the art, is

driven in synchronism with the rotation of eylin-
der 208 so that the scanning unit slowly moves
longitudinally of the cylinder.

A portion of the photographic positive 207
shown on Fig. 4 as shaded portion 214, is of uni-
form optical density for use in adjusting the sys-
tem during the intermittent adjusting period. A
cam 215 is mounted on the same shaft as trans-
parent cylinder 208 and operates the switch indi-~
cated generally at 216. During the intermittent
adjusting period when the scanning beam is
scanning the area of uniform density 214, cam
Connection is then
made between contacts 43 and 44 and hetween
contacts 203 and 204. Contacts 203 and 204 are
connected to the amplifier 210 by means of wires



217 and -218. Contacts 43 and 44 of switch 26
‘are connected to motor 42 and the 110 volt A. C.
power supply by means of wires 218 and 220.

The operation of the system is such that during
the intermittent adjusting period the scanning
beam scans the area of uniform density 214 and
at the same time the two sections of switch 216
are clossd. This causes the intensity of light
from the light source 47 to be adjusted in an
inverse feedback manner by the rheostat 46
which is in turn controlled by motor 42, amplifier
210 and phototube i until the anode current of
phototube | falls within a narrow predetermined
Tange.

.- Referencing means are provided to -intermit-
tently apply a selected reference voltage or signal
to- the secondary emission electrodes 97. In the
-example illustrated this includes the electron
tube 20{ which is connected in parallel! with the
electron tube (9. The closing of switch: 203
removes negative bias from the grid of the tube
201 and allows same to conduct electric current
therethrough and causes grid 25 of tube 286 to
become extremely negative with respect to
ground and -to prevent the flow of current
through tube 2§ and consequently through re-
sister 4. This allows the power supply 71 to take
-control of the flow of current through resister 4,
thus applying a constant pre-selected reference
signal to the secondary emission electrodes 97,
during the intermittent periods when the switch
203 is closed under the control of the scanning
-drum 28§ carrying the image 287 being scanned.

The scanning drum 28 is also arranged to
close the switch 43 simultaneously with the clo-
sure of switch 283, and the image 287 carried by
.the scanning drum or the scanning drum itself, is
.provided: with a strip 2{4 of constant optical
‘density in a. position such as fo. simultaneously
modulate the light originally emitted by lamp 47
‘by a selected reference density during the period
-of time when the switches 2083 and 43 are closed,
~whereby the modulation of the light input to the
photocathode 2 will be of a selected reference
‘value: intermittently at precisely the same in-
‘stant that a selected fixed reference value poten-
‘tial or signal is applied to .the secondary elec-
trodes 97 and at precisely the same instant that
‘the switch 43 is closed to render the inverse feed-
back means responsive to variations in the ampli-
fied phototube output current.

The inverse feedback means used - during the
intermittent adjusting period includes an elec-
tron tube 35, the grid 34 of which is conhnected
through a junction 88 to the output of electron
tube 12. In this way the output voltage of tube
{2 controls the current through tube 35 and
through coil 32 of a relay indicated. generally at
38’. The relay coil 38 controls the position of
switch arm 39 positioned between two electric
contacts 40 and 4i. If the current through tube
35 and relay coil 38 is greater than the closing
current c¢f the relay, then connection will be
made between contacts- 39 and §i and the motor
will be caused to rotate in one direction. If the
-current through tube 35 and relay:coil 38 is less
than the opening current of the relay then con-
nection will be made between contacts 39 and 40
and the motor will be caused to rotate in the

opposite direction. Due:to the amplifying action-

“of tubes 35-and: 12, a very small-voltage change at
-the grid of tube {2 is sufficient to change the
‘position of the relay armature. During the
“intermittent adjusting period, the current from

-anode 3 of phototube {- is suc¢h- as' to-cause a:
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voltage drop in resistor 10 slightly greater than
the positive potential above ground of the ter-
minal-3f of power supply 28’. In the example

_given the voltage of terminal 31 is 300 volts

with respect to- ground. If the current from
anode 3 of phototube { decreases by a very small
percentage from the mean value for correct
adjustment, then the grid of tube 12 will be
made more . positive than the mean value for
correct adjustment.. The anode 14 of tube 12
and the grid 34 of tube 35 will in turn be made
more negative than their respective mean values.
The relay 38” will be de-energized and connection
will be- made between contacts 39 and 40. This
causes the motor 42 to rotate in such a direction
that rheostat 46 increases the current to scan-
ning lamp 41. The opposite action takes place
if the current from anode 3 of phototube | is
greater than the normal mean value during the
automatic adjusting: period, - It should be noted
that the switch 43 which is closed only during

‘the intermittent checking periods under the con-

trol of the mechanicaily driven scanning.drum
285, makes it impossible for the motor 42 to be
energized for rotation in either direction except
during the intermittent checking periods. The
shaft 45 of the motor 42 is arranged to control
the position of a variable rheostat 44 connected
to the scanning lamp: 4T and through leads 48 to
a suitable source of potential, in the example
illustrated, 8 volts D.-C. The motor 42 is con-
nected through leads 44 and switch 43 to a suit-
able source of potential.

Operation of the above embodiment of the
present invention can be .summarized as follows.
Periodically -during the scanning of the image
24% carried by the driven scanning drum 298, the
modulation of light from the lamp 47 is momen-
tarily change by a selected fixed reference den-
sity, in the: example described by means of a
constant optical density strip 2{4 along the edge
of the image.: At the.same time that: the light
is. modified by the constant density optical strip
(or by. other suitable: means), the switches 203
and 43 are momentarily closed. The closure of
the switch 283 interrupts the control of the
multiplier by the amplifier and a fixed reference
value signal is: applied to the secondary electron
emission controlling means; in this case the
dynodes §7, thus standardizing the amplification
conditions. of  the electron multiplier i.. The
simultaneous closure of switch 43 places motor
42. in condition for energization in either. diree-
tion under the control-of the relay 88’, which acts
to energize the motor in either of two directions
whenever the anode current of phototube I devi-
ates from a selected standard value. The ener-
gization of the motor 42 takes place in a direction
such as to rotate the variable rheostat 46-in a
manner whereby to control the electric current
flow through the lamp 47 in a negative feedback
sense.. Thus the system provides for a standard
input modulation during the checking periods, a

.standard voltage applied to the secondary emis-

sion - controlling means. during- the checking

-period; and provides for modifying thelight input

to-the -phoetotube in a negative-feedback sense in
response-to deviation  of the output signal from
o standard- value during the  checking period,
until such standard value is reached by the out-
put signal. Thus during each checking period,

“the sensitivity ‘drift of “the electron multiplier

amplifier is. virtually completely compensated,

‘The checking:periods may take place-af the‘end
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of every other line of scan, during the scanning
operation, or at any other desired timing.

Fig. -2- illustrates -a modification of inverse
feedback means adapted to-be connected to the
Iogarithmic amplifier system shown in Fig. 1 at
the junction 58 in lieu of the inverse feedback
means of Fig. 1 shown below junction §50. The
lead from the junction 50 may be connhected to
the grid of an electron tube 52, the cathode 53
of which is grounded and the anode 54 of which
is connected through a resistance 55 to a termi-
nal 56 adapted to be connected to suitable source
of positive potential. The anode 54 of the elec-
tron tube 52 is also connected through a resist-
ance 57 to one end of a switch 60 and also
through a resistance 58 to a terminal 59 adapted
to be connected to a suitable source of negative
potential.

The switch 60 is arranged to close a circuit to
grid 61 of an electron tube 62, the anode 64 of
which is connected to a terminal 65 adapted to
be connected to a suitable source of positive
potential and the cathode 66 of which is con-
nected through a resistance 67 to a terminal 68
adapted to be connected to a suitable source of
negative potential.
‘tube 62 is also connected throusgh a capacitor 63
to ground. It should be noted that the switch 68
corresponds in function to the switch 43 shown
in Fig. 1 and is arranged to be intermittently
closed by the scanning drum 208 (or other timing
means) in the same manner and at the same time
as switeh 203. The cathode 66 of the electron
tube 62 is connected in parallel through resist-
ances 69 and 18 to grids 70 and 79 of electron
tubes 71 and 80, which form the outout stage of
an oscillator, the cathodes of which are con-
nected throueh a resister 207 to ground and the
anodes 88 and 89 of which are connected to on-
posite ends of a primary coil 90 of an outout
transformer, the center tap of which is connected
‘to a_terminal 91 adapted to be connected to a
suitable source of positive potential. The sec-
‘ondary winding 82 of the outnut transformer is
connected to the scanning lamvo 93. which corre-
‘sponds to the scannine lamp 47 of Fig. 1.

An oscillation generator indicated generallv at
87 includes electron tubes 1T and 86 counled to
the tubes 71 and 80 through leads connecting the
‘anodes Th and 85 through resistances 75 and 84
to points 13 and 82 connected throush capacitors
12 and 81 to the grids 10 and 19 of the tubes Ti
and 80. The points 73 and 82 are also connected
throuch resistances 74 and 83 to the terminal 81
and the source of positive potential.

"Deviation of the phototube output signal is fed
throush the switch 60 to the grid 61 of electron
tube 62 modifying the bias thereof and current
therethrough, thus modifying the grids 70 and 79
-of tubes T1 and 80 and modifying the output
oscillations of the tubes T1 and 80 which are fed
by the oscillation generator 871. The transformer
secondary winding 92 feeds oscillations. to the
‘lamp 93 which have been modified as herein-
above described, and in an inverse feedback sense,
so that the phototube output signal is returned
to the selected standard value. In the example
jllustrated the oseillation generator 87 is of the
square wave generating type, since square waves
minimize undesirable variations in the intensity
of the light emitted by the scanning lamp 93. It
should be noted the capacitor 63 is of the type
having a low leakage current, and that the tube
62 is g cathode follower tube requiring a low posi-
tive potential at ferminal 65 thus minimizing grid
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10
current to the grid 61 and preventing capacitor
63 from becoming charged or discharged between
adjusting periods.

The embodiment of the present invention illus-
trated in Fig. 3 is a modification intended for use
with an antilogarithmic amplifier system of the
type more specifically deseribed in my co-pend-
ing application Serial No. 702,172, now Paient No.
2,454 871. In this modification of the invention,
the electron multiplier phototube 84 is provided
with a photocathode 95, anode 86, and a plurality
of secondary emission electrodes §7, connected
across o resistor 98, the upper terminal- 99 of
which is connected to a source of negative poten-
tial and the lower terminal 100 of which is ar-
ranged to be connected to receive the system in~
put signal. The anode 86 of multiplier tube 94 is
connected through a resistance {01 to ferminal
{82 of a power supply 103 which, in the example
shown, is at approximaicly 90 volts positive po-
tential with respect to ground. The anode 98 is
also connected to grid 104 of an electron tube {95,
the cathode 106 of which is connected through a
resistance 187 to ground. The anode [{{ of tube
105 is connected to lights {2 and {13 which are
connected to terminal 1{4 of the power supply
103, which may be at approximately 350 volts
positive potential with respect to ground. Light
source 112 (ag modulated by vane 140) is directed
upon the cathode of tube 94, whereas light source
{13 is the scanning light.

Cathode 106 of the .output tube 1085, is coupled
through resistance {88 to the grid 168 of electron
tube 110, the cathode (15 of which is grounded
and the anode 117 of which is connected through
7 resistance 141 to the positive terminal | {4 of the
power supply 163. Grid 1069 of tube 110 is con-
nected through a resistance 19 to the negative
terminal 125 of a power supply 126. Said nega-
tive terminal {25 in the example illustrated, is at
approximately 350 volts negative potential with
respect to ground. Anode 117 of tube {10 is con-
nected through the resister 120 to grid {22 of an
electron tube 158, the cathode 116 of which is
grounded and the anode (18 of which is con-
nected through a resistance {42 to the positive
terminal {14 of the power supply 103. Grid 122
of tube 150 is also connected through a resistance
121 to the negative terminal 125 of the power
supply 126. Anode (18 of tube {50 is also con-
nected through a resistance {23 to the grid 127
of an electron tube (51, the cathode 128 of which
is grounded and the anode {29 of which is con-
nected through a relay coil 138 to the positive
terminal 114 of the power supply 103. The grid
127 of tube 151 is alvo connected through a re-
sistance 124 to the negative terminal 125 of the
power supply {26.

A control switch having a-movable element {32
positioned between opposed electric contacts 133
and 134 is arranged to be actuated by the relay
coil 139, thus closing either of two motor circuits
of the.reversible motor 135 in a manner similar
to that previously described in connection with
motor 42 in Fig, 1, thus rotating the motor shaft
139 in either of two directions, positioning a vane
or light valve {49 of suitable configuration be-
tween the light source and the photocathode 95
of multiplier 94. Whenever switch {36 is closed
during a ‘checking period, vane 140 will modify
the light impinging on the photocathode 95 in a
Switch 136 may be
actuated in any suitable manner and resembles
switch 43 in characteristics. :

It should be noted, that in this case the input
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to the system is an electric input signal applied
to the-secondary-emission eontrolling means and
that the output from the system corresponds to
the -phototube output signal and can be taken
from -the system at any suitable point. I may
-comprise the light emitted from either or both
of ‘the light sources {{2—(13 or it may comprise
the current flowing therethrough or the ampli-
fled -signal corresponding ‘thereto. It will be seen
that in-this case the relationship of output to in-
put is virtually antilogarithmic, whereas the rela-
tion=hip between-system output and svstem input
in the logarithmic eircuit employed in conjunc-
tion with -the anparatus of the present invention
and illustrated in Fie, 1, is virtunllv logarithmie.

‘While the present-invention has been described
in ‘connection ‘with -an electron multinlier am-
plifier ‘having -a photorathode ‘arranged to pro-
vida an electronic input to the secondary emis-

sion controlling means in resoonse to light im- -2

ringine the photocathode. it is to be rnd-~rstood
that the invention is not limited to this arrange-
ment, since any type of electronic innut to an
electron -multiplier tube-cold be suhstitited for

the photoelectric inpnt. For example, the cl~c- °

tronic input to th= secondarv emis~ion control-
ling means mi~ht be of a thermionic type, or vari-
ons other tyres of electronic input mav be em-
ploved with the present inv-ntion. Whils the

present invention is described as employine see-

ondary emission electrodes, it is not limited to
such an arrangerent, since any type of secondary
emission controlling means may be employed.

For example, magnetic electron focrsing and/or y
secondary emission controlling means may be

emnloyed. single or in conjunction with electro-
static secondary electron emission controlling
and/or focusing means. :

The referencing means may.also be modified
within wide limits without departing from the
spirit of the present invention. Any means for
providing intermittent fixed reference modila~
tion of system innut and simultaneous inverse
feedback to the amplifier for causing the mod-
ification of the amplifier cutpnt to o fixed stand-
ard ‘bearing ‘a certain preselected relationship to
the fizxed selected reference input may be em-
vloyed. Numerous types of inverse feedback
means may be employed. The means for .mod-

ifying thelight input may also be modified within 50

wide limits.

Those skilled in the art will, from the descrip-
tion given, understand that both a constant
density stripand a vane may be used in modulat-
ing the light supply to the phototube simultane-
ously, or sequentially. .

The -inverse feedback may be applied to the
secondary emission controlling means rather
than to the electronic input to the electron mul-
tiplier tube if desired. This. is more particularly
described, illustrated and cldimed in my copend-
ing application, ‘Serial No. 55,034, filed concur-
rently herewith, which is now U.'S. Patent No.
‘2,534,668, granted December 19. 1950.

The examples described and illustrated herein
are‘exemplary only, and are not intended to limit
‘the :scope of the present invention, which is to
be interpreted in the light of the appended claims
only.

Iclaim:

1. A method of compensating for changes . in
response -characteristics of a multiplier photo-
tube ‘and -amplifier controlling said multiplier
phototube during g scanning operation, which
comprises: periodically interrupting the control
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of said multiplier phototube by said amplifier
and simultaneously subjecting the multiplier
‘phototube both to scanning light modulated by a
standard density and to a predetermined poten-
tial and adjusting the intensity of the scanning
light “in accordance with the response of the
phototube and amplifier while under the influence
of said light and predetermined potential.

2. A method of compensating for changes in
response characteristics of .a multiplier photo-
tube in an operating circuit of a scanning device
which -comprises: -periodically interrupting a
scanning operation and subjecting the multiplier
phototube to a predetermined poteritial and a
light modulated by a standard density and ad-
Jjusting the light in accordance with the response
-of the phototube while under the influence of the
predetermined. potential and modulated “light;
and continuing the scanning operation with the
light in-its adjusted state. I .

3. In a method of automatieally .compensating
for changes.in response characteristics of an.am-
~plifier including a .multiplier phototube having a
Jplurality of secondary .emission electrodes, the
steps of: intermittently and frequently interrupt-
Jdng the operation of an amplifier for a period of
short duration. and subjecting the .multiplier
_bhototube to.a predetermined uniform potential
and .a light of .a value expected to produce a
selected, fixed response from the phototube; and
adjusting the light input.to the phototibe dur-
ing-said period in a negative feedback manner.in
accordance with deviation .of the phototube re-
sponse, while under said predetermined poten-
tial, from the selected response;.and continuing
the oreration.of the amplifier with the light.in its
adjusted state until the succeeding.cheeking pe-
riod. . ] .- :

4. In a method of correcting for changes .in
-sensitivity .of .a scanning .system, .including .a
scanning light and an amplifier -provided with.a
phototube, .the steps of:. periedically .and .inter-
mittently interriipting the scanning .operation
and subjecting.the phototube to a-predetermined,

5 uniform.potential and alight of a value expected

to produce a selected response from the .photo-
tube; adjusting the light. input to the- photocell
in accordance with deviation-of .the phototube
-response; while under said.predstermined . poten-
tial, from the selected response; and -continuing
the scanning operation with the light in .its gd-
Justed state. - . -

5. In a scanning system, including a .photo-
tube and an amplifier connected to.the output

5 thereof: means for supplying light; an inverse

Tfeedback means operably connected to-the photo-
tube and amplifier, said feedback means being
Tesponsive -to phototube -output -to modify the
light -to -the phototube -in- accordance with the
-output of the phototube; -means for periodically
and intermittently restoring the modulation of
the system input to a -selected, fixed reference
value; and means for rendering the inverse feed-
back means responsive -only . during said :inter-
mittent checking periods, said feedback means
being arranged to modify  the light input in a
direction tending to return the output ‘signal ‘to
a selected standard value whenever, during ‘such
checking -periods, the -phototube output differs
from a desired value. :

6. A system of the character stated.in claim 5
‘wherein the phototube is an electron multiplier
phototube amplifier of the ‘type including -a

> ‘photosensitive cathode, an output anode and a
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plurality of secondary emission electrodes, and
wherein the modulated system input is the light
input to the photosensitive cathode of the photo-
tube. : a .

7. A system of the character stated in'claim
wherein the means for intermittently restoring
the system input to a selected value include
means for applying an electric signal of a se-
lected fixed reference value across the secondary
emission electrodes of the electron multiplier
phototube amplifier during the simultaneous pe-~
riods when the inverse feedback means is re-
sponsive to deviation of the amplified phototube
output signal from the selected standard value,
and when the light input to the phototube is
modulated by a selected reference fixed density.

8. A system of the character stated in claim 5
wherein the means for intermittently restoring
the modulation of the system input comprises
a mechanically driven scanning system arranged
to carry an image to be scanned by the photo-
tube, said image being provided with a strip of
constant modulating effectiveness arranged to
intermittently modify the modulation of the light
input to the phototube to a selected fixed refer-
ence value during scanning of the image.

‘9. A scanning system of the character stated
in claim 5 wherein the phototube is a multiplier
including a photosensitive cathode, an output
anode, and a plurality of secondary emission
electrodes; and the means for intermittently re-
storing the modulation of the system input com-
prise a mechanically driven scanning drum, a
strip of constant modulating effectiveness ar-
ranged to intermittently modify the modulation
of the light input to the phototube and switch
means correlated with the scanning drum to in-
termittently apply an electric signal of desired
reference value across the secondary emission
electrodes of the phototube simultaneously with
the modulation of the light input to the photo-
tube by the strip. ’

10. A scanning system of the character stated
in claim 5 wherein the inverse feedback means
include a reversible motor, variable rheostat
means operably connected to the motor, a light
source under the control of the rheostat, revers-
ing switch means for energizing the motor for
rotation in either direction, and relay means re-
sponsive to deviation of the amplified phototube
output for actuating the reversing switch means.

11. A scanning system of the character stated
in claim 5 wherein the inverse feedback means
include a reversible motor, variable rheostat
means operably connected to the motor, a light
source under the control of the rheostat, revers-
ing switch means for energizing the motor for
rotation in either direction, and relay means re-
sponsive to deviation of the amplified phototube
output for actuating the reversing switch means,
the means for intermittently rendering the feed-
back means responsive including switch means
arranged to energize and de-energize the motor
in timed relation.

12. A scanning system of the character stated
in claim 5 wherein the inverse feedback means
includes reversible motor means, light valve
means operably connected to the motor and ar-
ranged to modify light input to the phototube in
accordance with the direction of rotation of the
motor, reversing switch mesns for energizing the
motor for rotation in either direction, and relay
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means responsive to deviation of the phototube

output for actuating the reversing switch means.
13. A system of the character stated in claim 5

-wherein the inverse feedback means comprises

electric oscillation generating means; and includ-
ing modulator means arranged to modulate the
output oscillations produced by the electric os-
cillation generator in accordance with the ampli-
fied deviation of phototube output current from
a fixed reference value; and scanning lamp means
arranged to be effectively energized by the output
electric oscillations and to supply light input to
the phototube.

14. A system of the character stated in claim 5
wherein the inverse feedback means comprises
electric oscillation generating means; and includ-
ing modulator means arranged to modulate the
output oscillations produced by the electric oscil-
lation generator in accordance with the amplified
devidtion of phototube output current from g
fixed reference value; and scanning lamp means
arranged to be effectively energized by the output
electric oscillations and to supply light input to
the phototube, the means for rendering the in-
verse feedback means responsive to the photo-

. tube output including switch means arranged to
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connect and disconnect the amplified phototube
output to the modulator means in the inverse
feedback means in timed relation to the scanning
of an image and only during checking periods
when the modulation of the light input into the
phototube is of fixed reference value.

15. A system of the character stated in claim 13
wherein the electric oscillation generating means
is of the square wave generating type.

16. In an electron multiplier amplifier system
arranged to receive a modulated system input, the
provision of: means for supplying electronic in-
put to the electron multiplier amplifier; and in-
verse feedback means effectively responsive to the
electron multiplier output signal arranged to
modify the electronic input to the electron multi-
plier in a negative feedback sense in accordance
with the electron multiplier output signal, where-
by sensitivity drift of the amplifier will be mini-
mized.

17. A system of the character stated in claim 16
including: means for intermittently, alternately,
effectively rendering the inverse feedback means
effectively responsive and non-responsive to the
electron multiplier output signal, whereby the
electronic input to the electron multiplier ampli-
fier will be modified intermittently in a negative
feedback sense in accordance with the electron
multiplier outpu$ signal during the corresponding
intermittent responsive periods.

18. In an electro-eptical amplifier system ar-
ranged to receive a modulated system input and
inctuding a phetotube and an amplifier connected
to the output thereof to produce an amplified
phototube output signal, the provision of: means
for supplying light input to the phototube; in-
verse feedback means responsive to the amplified
phototube output signal arranged to modify the
light input to the phototube in a negative feed-
back sense in accordance with the amplified
phototube output signal; and means for periodi-
cally and repetitively rendering the inverse feed-
back means effectively responsive for .a period of
short duration to the amplified phototube output
signal, whereby the light input to the phototube
will be modified periodically during the corre-
sponding intermittent responsive periods and
sensitivity drift of the system will be minimized.

19. A system of the character stated in claim 19
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including: means for-intermittently restoring the
modulation:of the:system. input. to a selected fixed
reference value during the simultaneous, inter-
mittent periods when the inverse feedback means

is: responsive to the amplified phototube output
signal.

NORMAN. R. GUNDERSON..
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