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METHOD AND APPARATUS FOR, CONTROL 
LNG CONDUCTANCE OF AN ELECTRONIC 
CIRCUIT 

Werner A. Gieseke, Danville, ii., assignor to 
Samuel C. Hurley, Jr., Danville, i. 

Original application July 26, 1944, Serial No. 
546,702. Divided and this application June 2, 
1945, Serial No. 597,258 

4. Claims. 

This application is a division of my co-pending 
application Serial Number 546,702 filed July 26, 
1944. 
This invention relates to an improved method 

and apparatus for controlling the flow of current 
through electronic circuits. 

it particularly relates to an electronic circuit 
controlled by a light sensitive circuit whereby the 
bias on a plurality of control grids in the elec 
tronic circuit are independently and successively 
changed by the amount of light received by the 
light Sensitive circuit. 
While my invention relates to an improved 

electronic circuit, the use of such an electronic 
circuit in connection with photoelectric inspec 
tion operations is described herein as an exampie 
of its many uses. 

It is particularly directed to measuring, deter 
mining, or inspecting external or internal dimen 
Sions and Surfaces of objects. In other words, 
my invention is particularly useful in connection 
With determining the Silhouette of an article. 
Among the objects of my invention are to provide 
a novel method for control of the circuit for use 
in COnnection. With: 

1. The examination, inspection, and measure 
ment of objects. 

2. Checking the outline or scanning the outside 
and internal Surfaces of articles. 

3. For measuring and indicating the outside 
and inside diameters of tubes, cylinders, hollow 
truncated cones, hollow truncated cylinders, 
cores through Spheres, and the like. 

4. For checking annular objects for concen 
tricity and eccentricity. 

5. For inspection of cross-sectional shapes of 
articles. 

6. For determining and indicating shapes such 
as threads, Screws, bevels, anchors, curvatures, 
rounds, etc. 
A further object is to provide an improved elec 

tronic circuit for use in connection with the posi 
tioning of pieces requiring precise location for 
in Spection or a smooth operation. With or With 
out simultaneously exercising control over the 
additional Operation to be performed on the piece 
under consideration. For example, in color print 
ing, an imprint is made for each color employed. 
By means of a machine controlled by my elec 
tronic circuit which is responsive only to the 
amount of light received by a light sensitive cir 
cuit, it is possible to position the Work and to 
make each successive printing operation exactly 
as required within limits of greater accuracy than 
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can be controlled mechanically by means of stops 
and similar positioning devices. 
A further object of the invention is to provide 

an improved electronic circuit Which may be used 
in connection with handling and/or inspecting 
pieces which normally have limber, flexible and 
easily deformed edges Such as paper, box board, 
film, etc., which must be positioned with accuracy 
and which tend to distort readily when thrust 
against mechanical stops or the like and When 
their position or Size is indicated by jets of fiuid. 

Other uses of the circuit is in connection. With 
inspection of internal and external diameters. 
The distance between predetermined points on 
an object and the eccentricity and concentricity 
of objects such as rounds, bars, pistons, cylinders 
and the like can also be determined. 
My electronic circuit can be used in connection 

with the machines for Sorting objects of Various 
Sizes or shapes. 
My invention can be used in Connection. With 

inspection or measurement of conditions of ob 
jects which are rotated So as to Scan the entire 
external or internal surface of the object. It can 
also be used for the continuous inspection of 
drawn objects. Such as WireS, threads, etc., Or 
with the extrusion of tubes, rods, or other shapes. 
The purpose may be to detect Wear, and, in some, 
cases, may be used to control the dimension of 
the piece being formed by controlling the ma 
chine making it. 
My circuit may be used in connection with the 

measurement and control of thickness and othel 
dimensions of paper, films, box board, card board, 
linoleum or sheet metal. 

It may also be used in connection with Sorting 
objects of distinctive markings such as bank 
checks, etc. . . . 

it may be used to control machines for Cutting 
or trimming of various objectS Such as the page 
of a book. 
Another object of the present invention is to 

provide an improved inspection electronic circuit 
which may operate upon specimens in motion 
Without physical contact between the testing in 
strumentalities and the Specimeia. - 
In general, my invention comprises an elec 

tronic circuit comprising at least one amplifying 
tube responsive to the amount of light received 
by a light sensitive circuit, at least One control 
or power tube and at least two control grids and 
means for independently and Successively con 
trolling the bias on each control grid, depending 
upon the amount of light received by the light 
Sensitive circuit. 
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The bias of the control grids is not controlled 

so much by the intensity of the light received by 
the light sensitive circuit as by the total amount 
of light received by the light Sensitive circuit. In 
one of my preferred forms, the intensity of the 5 
light falling upon a phototube or other, suitable. 
light sensitive device in a light sensitive circuit 
is maintained substantially constant; but the., 
amount of light received by the phototube is. 
varied by varying the portion of the phototube. 10. 
which receives light. This is usually accom 
plished by varying the portion of the phototube 
being placed in shadow by the image of the article. being inspected. 

. A further broad aspect of my invention is the 
control of the time of firing of two independent. 
control or power tubes through only one light 
sensitive circuit and the conductance of the power 
tubes or the time of firing controlled by (1) the 
amount of light received by the light sensitive 
circuit, and (2) by adjusting the potential pn the 
cathode circuit of...each of the power. tubes by. 
means of connecting the cathode circuit to an 
adjustable resistor. . . . . . . 
In one specific embodiment of the broad aspect. of my invention just described for measuring the 

dimension of an article within a predetermined 
tolerance range, I provide a light sensitive cir. 
cuit, comprising at least one phototube. If more 
phototubes are employed in the circuit, they 
should be connected in parallel since the elec 
tronic device is only responsiye to the amount of 
light received by the light sensitive circuit. The 
light sensitive circuit. is connected to an ampli 
fying tube preferably, of the vacuum type and 
especially, the pentpde, type, The plate current 
caused by the amplifying tube, is controlled by 
the amount of light received by...the light sensitive 
circuit. The control grids of a pair. Of electronic. 
power or control tubes are connected to the plate. 
circuit of the amplifier in between the anode...of 
the amplifier and a loading, resistor. Such that the. 
more current flowing through the amplifier, the 
more the bias of the control grids is driven in a 
negative direction. The cathode of each of the .45 
control or power tubes...is adjustably, connected.to. 
a source of potential and the time, offiring for. 
each of the power tubes relative to the ampunt of . 
current flowing through the amplifying, tube...is. 
controlled by individually and separately, adjusts, 
ing the potential placed on the respective cathode. 
circuits of the power tube. . W - 

Normally, when the light sensitive-device rest. 
ceives a normal amount of light, neither...of-the. 
power tubes are firing or conducting since the. 
current flowing through the loaded plate. cir 
cuit of the amplifying tube is such that the bias . 
on each of the power tubes is maintained highly... 
negative. As the amount of light received by 
the light sensitive device decreases, the current-60 flowing through the plate circuit of the amplifying. 
tube decreases and the bias on one-of-the-power 
or control tubes reaches such a point that it is. 
either neutral or positive and that tube will fire. 
As the light on the light sensitive circuit, is fur- 65 
ther reduced, in like manner the second power. 
tube will fire. Thus, it is seen that the greater 
the differential in potential in a negative direc 
tion between the respective cathodes of the powers 
tubes, the greater the time between which the 70 
tubes will be successively fired, and vice versa, the 
closer the relative potential of the cathode cir 
cuit of each power tube is adjusted, the closer in 
point of time the power tubes will fire. 
By this independent adjustment of the poten-75 
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tial to which the cathode circuits of the power 
tubes are connected and the cooperative arrange 
ment of adjustments and the amount of light 
received by the light sensitive circuit, I am able 
to vary the tolerance range, within which an ar 
ticle will be tested-for a given specification. 

For example, in measuring the diameter of a 
round Within a given tolerance range, the piece 
will only be good if it falls within the limits of 
the tolerance range, or within the time period 
that the tubes. By providing suitable relays 
and switches and indicating devices, I am able to 
indicate when a-piece comes within the required 
tolerance range and when it falls outside the 
tolerance range and I am able to vary the toler 
ance by varying the time of firing of the power 
tubes.. . . . 
Another modification of the above specific em 

bodiment is the use of a power tube in which 
there are two control grids, the control grid of 
one-being connected-adjustably to a resistor-in 
the anode circuit of the amplifying tube and the 
other control grid adjustably connected to ther 
resistor in-the plate circuit of a second amplify 
ing tube, both of the amplifying tubes connected . 
to a common light sensitive circuit and-the 
amount of amplification of each depending upon 
the amount of light received by the light sensi-. 
tive circuit. In this case, the power tube will 
only fire when the bias on each of the control. 
grids is driven sufficiently positive and either of . 
the control grids may be driven independently 
in a negative direction so as to prevent the fir 
ing of the power tube. In this device and op 
eration, one of the control grids is rendered posi 
tive and the tube will-fire. As the amount of 
light is still further changed in the same direc 
tion, the first control-will then be rendered posi 
tive and the tube will no longer fire. Thus, the 
length of time that the power tube will conduct 
or will continue to fire is controlled by independ 
ently controlling the bias. On each" control elec 
trode or grid, which, in turn, is dependent upon . 
the amount of light received by the light sensi 
tive device. Here, again, this particular embodi 
ment is particularly applicable in the inspection 
operation wherein it is desired to have a means: 
for independently varying the tolerance. 
In another specific embodiment similar to the 

first specific embodiment discussed, two power 
tubes are provided and two amplifying tubes are: 
provided. The first power tube is controlled by: 
the amount of current flowing-through the load 
ed-plate. circuit of the first samplifying tube in 
the same manner as discussed in the first em-- 
bodiment. - The second- amplifying tube is con 
nected in what is commonly called a cut-of-po 
Sition, that is,...the control-grid is connected to 
ground, and the cathodes of the seconds amplify 
ing tube is connected to the light sensitive...de-... 
vice such that the more...light the, light...sensi 
tive circuit receives, the more the potential on 
the cathode circuit, of the second amplifying tube. 
is driven in a positive direction and after, it be 
comes sufficiently positive, that amplifying: tube. 
is cut off since its gridisconnected to the ground. 
The second power tube likewise has its control: 
grid connected to the plate circuit of the second . 
amplifying tube and when that tube is in such 
a condition that it is conducting the maximum 
current, the second power tube cannot conduct. 
But when the second amplifying tube's current is 
cut off or greatly reduced because its cathode 
circuit has had placed upon it a high positive po 
tential due to a large amount of light-received 
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by the light sensitive circuit, the second power 
tube will fire. Here, again, the firing of two 
independent power tubes are separately and Suc 
cessively controlled. The same principle just dis 
cussed could also be used when employing only 
one power tube, in which case, the control grid 
of the Second power tube becomes the Second 
control grid of the first power tube. 

in another embodiment of my invention, the 
use of a plurality of phototubes and light Sensitive 
devices in a light sensitive circuit and by the 
use of a plurality of power tubes, each controlled 
and adjusted and independently fired, I provide 
a System for Selecting or indicating the Size of 
different sized articles fed into the inspection 
ZOne of the photoelectric inspection operation. 

Throughout the description, I have referred to 
causing or driving the potential or bias of the 
control grid in a positive direction so that the 
tube Will ionize, fire, or conduct. Depending on 
the operating characteristics of the tube, the tubes 
Will conduct When the bias On the control grid 
is slightly negative, say, a negative potential 
Within about five volts. I therefore mean by a 
positive bias at least Sufficient low negative bias 
for the tube to conduct although the bias may 
be positive or slightly negative within the oper 
atting characteristics of the tube. 

I have also referred to firing of a tube which 
means either causing a tube to conduct or ionize 
but the term is applicable to either Vacuum tubes 
Or tubes of the gas-filled, arc discharge type since 
both types may be used in my invention. 
Other embodiments of my invention will be 

come apparent by referring to the following draw 
ings in which 

Fig. 1 illustrates a method and device for inde 
pendently controlling the successive firing of two 
power tubes. 

Figure 2 is similar to Figure 1 and also a relay 
switch system which may be used for accepting 
or rejecting articles. 

Fig. 3 is a modification of my invention illus 
trating the use of only one power tube and two 
amplifying tubes connected to Only One light 
sensitive device. 

Fig. 4 illustrates the principle of my invention 
using two power tubes and two amplifiers, all 
controlled by one light Sensitive circuit with 
one of the amplifiers having its control grid con 
nected to the ground or what is known as the 
cut-off position. 

Fig. 5 is similar to Fig. 4, showing the use of 
only one power tube controlling two control grids 
in that power tube. 

Fig. 6 illustrates electronic circuit particularly 
suitable for indicating the size of various sized 
articles. 

Fig. 7 illiStrates an optical Systern Which may 
be used in connection with any of the FigS. 1 to 
6, and also shows a specific method for accepting 
and rejecting an article, depending on whether 
or noi, the article meets the required specifica 
tions. 

Figs. 8 to 12, inclusive, illustrate diagrammati 
cally some of the types of inspections that may 
be made by my device. 

Referring to Fig. 1, a light sensitive device 3, 
shown as a phototube, is connected to a Source 
of positive potential at a point A and negative 
potential at point 5. The Cathode of the photo 
tube is connected to the ground 6 through the 
resistor . An amplifying tube 8 preferably of 
the pentode type, although other suitable types 
may be used, has its control grid 9 connected 

0 

6 
to point a between the phototube 3 and the re 
sistor 7 in the light sensitive circuit. The oper 
ating Voltages and current for the amplifying 
tube 8 are provided by connecting the source of 
potential having its positive potential at if and 
its negative potential at 2 through the dividing 
resistors 3, 4, and 5, and connected to the 
ground at 6. The plate circuit of the amplify 
ing tube 8 is connected to the positive source of 
potential through the loading resistor f7. 
When no or very little light is received by the 
phototube 3, the potential on the control grid 
9 is substantially that of ground and the cathode 
of tube 8 is adjustably connected to resistor 5 
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at a potential substantially above ground and 
the amplifying tube 8 conducts little or no cur 
rent. 
As tube 3 receives more light, it places a greater 

positive potential on the control grid of tube 8 
and the less the negative bias, the greater the 
Current which flows through the plate circuit 
containing resistor . Thus, by connecting the 
control grids 3 and 9, respectively, of tubes 
and 2 to point 2 in between the plate of tube 
8 and the loading resistor 7, the control grids 
f8 and 9 have their bias driven in a negative 
direction when more current flows through the 
plate circuit of tube 8. If sufficient current flows 
through the anode or plate circuit of tube 8, 
tubes and 2 will be unable to conduct. The 
Control grids 8 and 9 are respectively connected 
through limiting resistors 2 and 22 to the line 
23 connected to point 20 in the plate circuit of 
tube 8. The purpose of limiting resistors is to 
limit the amount of potential that can be placed 
upon the control grids 8 and 9. 
The control tubes and 2 are preferably of 

the gas-filled arc discharge type, although other 
types may be used within the scope of my in 
Wention. The cathode and shield grids of these 
tubes are connected together as shown. The 
Cathode of tube is connected to an adjustable 
resistor 24. The adjustable resistor 24 is con 
nected to a relatively high positive potential by 
being connected to position terminal . The 
adjustable resistor 24 is connected to a ground 
25 through the dividing resistor 26. The power 
tube 2 has its cathode circuit connected to an 
adjustable rheostat 2 at a point which is rela 
tively more negative than the point where the 
Cathode of tube is connected to the adjustable 
resistor 24. The adjustable rheostat 27 is con 
Ilected to terminal through dividing resistor 
29. The potential and current for tubes and 2 
are provided by connecting the Cathodes of each 
tube to a power source 30 to which is also con 
nected the anode circuits through the indicators 
3 and 32. The indicators 3 and 32 may be 
of any conventional type such as bells, fiags, 
meters of all kinds, etc. The indicators are only 
Operated. When tubes f and 2 are conducting. 
To describe one operation of this circuit, I Will 

consider it first When no light reaches the photo 
tube 3 or, in other words, phototube 3 is placed 
in shadow by the piece undergoing inspection. 
In this case, the amplifying tube. 8 is non-con 
ducting, the power tubes and 2 are conduct 
ing, since there is no current flowing through the 
piate circuit of the amplifying tube 8. When no 
current is fiowing through the plate circuit, the 
control grids 8 and 9 of the tubes and 2, re 
spectively, are connected in effect directly to the 
positive Source of D. C. potential at f , whereas 
the cathodes are connected to the adjustable re 
sistors 24 and 27 at a point lower in positive po- . 

  



tential than point. . . Therefore, the bias on each 
of the control grids is sufficiently positive to ren 
der tubes and 2 conductive. As phototube 3 re 
ceives more light, the system will reach Such a 
point that sufficient current flows through the 
plate circuit of the tube 8 that a negative poten 
tial will be placed on the control grid 8 of tube 
f so as to decrease or stop the flow of current 
in the plate circuit of tube and the power, tube 
| ceases conducting. As the phototube 3 receives 
more light, the system will reach such a point 
that sufficient current will flow through the plate 
circuit of the araplifying tube 8 so as to drive 
the bias, on control grid 9 of tube 2 sufficiently 
negative, or, in other words, drive the potential 
of the grid 9, below the point to which the cath 
ode of tube 2 is connected to the adjustable re 
sistor 2 so; that tube 2 will cease to conduct. 
Thus, when the tube 3 receives the maximum 
amount of light, neither of the tubes and 2 are 
conducting. As the light is decreased, tube 2: 
will conduct first and as the light is further de 
creased, tube will then conduct. 
In the application of niny device on inspection. 

operations, the inspection operation is conducted 
such, that the piece is good between the time of 
conducting of tubes ; and 2 if the phototube 3 
receives the proper anount of light, it can thus 
be seen that as the amount of light Oil tube 3. 
decreases, the time of firing of tubes 2 and 
can be independently adjusted by the resistOE'S 
24, and 2. If the maximum amount of light...is 
on-the-tube. 3. and it is desired to have tube 2 
fire with just a slight decrease in aiiaolint of 
light, the potential on the cathode of tube 2 is 
adjusted in a negative direction by meains of 
adjustable resistor. 27. Likewise, if it is desired 
to have tube. fire for a very large decrease in 
amount of light received by tube 3, the adjustable 
resistor 24;is adjusted so as to connect the Catil 
ods of tube: at a higher positive potential than 
is shown on the drawing. Thus, the Iength of 
time between tube 2 firing and tube firing as 
the amount of light on tube 3 varies, may be 
changed by adjusting the resistors 24 aind: 27. 
This method; and means for adjusting time for. 
firing, and the time, the tubes Wiii cease, to fire 
provides: a, novel, method and device for control. 
ling the tolerance: in Gheasuring a dimension of 
aspecimen. This can be more readily explained 5 
by referring to Fig. 2. Throughout the descrip 
tion and illustrations, the Sarine nun:bei's used 
in the Various figures Will apply to the Sairie Or 
equivalent partS. for the Sake of Siranglicity. 

Referring to Eig. 2, the anode Ol' plate circuit.S. 
of tubes. and 2. are: connected respectivelyi to 
relay coils. 33, and 34. Relay coil 33 is positioned 
to actuate the relay SWitch: 35; and relay coil 3 & 
is positioned to actuate the relay switch 36. The 
position of the relay switches shown in Fig. 2 
are for the maximum light received by the photo 
tube 3 of Fig. 1. When the tube. 3...receives max 
imum light, neither power tube . Ynor power tube 
2 are fired and the relay coils 33 and 34 are not 
energized, and the relay switches 35 and 33 are 
positioned such that the reject indicator or Se-. 
lecting: means 3 has its circuit closed. In in 
specting, specimens for a given dimension. Within. 
a predetermined tolerance range, if the dimension 
is proper, it will shadow tube 3 such that tube 
3, Will receive only sufficient light for the power 
tube 2 to be fired, which will actuate the relay 
Switch 33 opening the: reject circuit and closing 
the accept circuit. Within the tolerance range, 
less light may be received but the accept circuit 
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will continue to be connected. However, if the 
object is too large, it; will reduce the: amount of. 
light received by tube 3: to such a point that the: 
tube - will fie; opening the accept. Cirguit: alad. 
again closing the reject circuit. Thus, by the 
individual control of the potential to which the 
tubes - and 2- are connected, the length: of time. 
between the successive firing. Of tubes. 2 and f. 
gives a tolerance: within which the piece may be 
accepted, and if the piece is: too large, it Will be: 
rejected because tube 3 receives too, little: light. 
and the power tube: ; fires, operaing: the accept. 
circuit and closing the reject circuit. and if, the. 
piece is too small, it will reduee: the light. On 3, 
sufficiently: to fire tube 2 aad the reject. circuit. 

it: shown in Fig. 2, in 
stead of accepting: a piece. Within a definite tol 
erance range, could be used it.0 indicatestWo differs 
ent sizes of articies and if more sizes: of articles. 
are desired, additional, indicating raeans.3i and 
38 could be used to indigate:different sized articles. 
The remaining part of the drawing Eigue 2. 
which has not been described above is exactly. 
the same as the corresponding portion in Figure: 
and the Saine nunerals: have been applied... this. 
portion corresponding: to Figure.1 operates in the 
same manner as: that described in connection: 
With the description fore Eigure 1. . . . . 

Fig. 3 ShoWS another, although.not necessarily 
An. 

amplifying tibe: 33, Similar to: the amplifying: 
tube 8 of Eig:1, has its control grid .403 connected 
to point i?: which is also connected: to the point 
is: in a similar manner that the control grid-9 

I of tube 8 is connected to point 8-in:Fig. 1. The 
amplifying tube, 39 is connected directly to the 
positive Source. Of I). C. potential at... terminal 
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anode of tube. A. 

42, having its negative terminal. at point. 43. 
Suitable dividing resistors 4 and 45 and:6 are. 
provided to give the proper Operating and Voltage 
potentials for the aimplifying tube 33: When-no. 
light is on tube 3, the control: grid: 49 of tube 
39; is substantially, that of ground, whereas the 
cathode of tube. 394 is raintained at. Substan 
tially about ground and the tube 39 conducts 
little or no current. In a similar manner, an 
amplifying tubets: has its plate circuit, connected 
to a Source of i). C. potential having its positive 
terminal; at 49; and its negative terminal at 5: 
and the operating current and plate: Voltages. 
are maintained through dividing resistors. 5d., 52, 
and 53, connected to the ground at 5:... Likewise, 
the control grid. 43iis. connected to point id, and 
When there is Substantially, no lighton phototube 
3, its potential is Substantially...that. of ground, 
Whereas: the cathode of tube: 4 is connected to 
a point. Substantially above ground and no. or 
very little current. Will flow through to tube: 47. 
A power. tube 55, similar to tubes and 2 of Fig. 1, 
contains two control, grids, 56 and 57. The con 
trol grid: 56: is connected... through limiting re 
sistor. 58 to adjustable contact point 59 to the 
adjustable loading resistor. 56 which is connected 
between the source of D. C. potential 49 and the 

the control grid. 5 of tube. 
55; is connected through loading resistor. 6; to 
the adjustable contact point 62.and the adjustable 
loading 63 which is connected between the cath 
Ode. Of... tube 39, and: the adjustable resistor 6: 
Thus, it is apparent that, when the tube. 47; is. 
rendered. Substantially. non-conducting, the con-... 
trol: grid. 56, of tube 55 is: connected to a source. 
of positive potential: higher than the cathode of 
tube. 55, since the tube 55 is connected at a rela 
tively low negative potential between the posi   
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tive terminal 42 of the direct current source of 
potential and a ground 64 and also between the 
dividing resistoi's 65 and 66. As the aimount of 
light increases on tube 3, the armplification of 
tube 4 increases and the currellai, fiowing through 
the resistoi 83 increases and a point Will be 
reached due to the current filowing through the 
reistor 63 that the control grid 53 of the tube 
5 Will be riven Suficiently negative as to pre 

Weint tube 55 from firing, ever thcugia Suilicient 
positive potential Were placed on control grid 

... The control grid 5i is maintained sufficiently 
negative in respect to the cathode of the tube 
55 when no current is flowing through the tube 
39 that this bias itself car prevent tube 55 fron 
firing even though the positive potential on corn 
trol grid is relatively high. However, as tube 3 
receives more and more light, the current flowing 
through the cathode circuit of tube 33 tends to 
drive the bias on the control grid 5 in a positive 
direction which will overcome the negative po 
tertial of the cathode which is connected at point 
6 such that the tube 55 will fire providing a 
proper potential is maintained on control grid 
58. Thus, as tube 3 receives more and more 
light, it tends to drive the bias on control grid 
53 in a negative direction and the bias on the 
control grid 5 in a positive direction and there 
is Only a certain time period that the bias on both 
grids is Sufficiently positive as to permit tube 55 
to file. 

In a typical operation of my device, I will as 
Sume that maximum light is received by tube 3. 
In this case, the maximum current is flowing 
through tubes 39 and 47, and the bias on the 
control grid 52 is maintained relatively high in a 
positive direction, whereas the bias on grid 56 
is maintained in a relative low negative direction 
and thus the tube 55 will not fire. As the tube 3 
receives less light, it will reach a point depend 
ing upon the point of contact of the grid circuit 
to the adjustable rheostat 63 such that the bias 
on 56 will become Sufficiently positive so that the 
tube 55 Will fire. The tube 55 will continue to 
fire With further decrease in light, depending 
upon the point of contact 52 on adjustable rheo 
stat 63 until such a point that insufficient cur 
rent flowing through the amplifying tube 39 
causes a Sufficiently negative potential to be 
placed on the control grid 5... that the bias be 
comes negative and the tube 55 will cease firing. 
Thus, in passing from maximum light on tube 3, 
there is only one range of the light received on 
tube 3 which will permit tube 55 to fire or con 
duct a current and it is only When the tube 55 
is conducting that the indicator 68 is actuated. 
Therefore, if the electronic diagram shown in 
Fig. 3 is used to indicate the size of a piece, it is 
only of the proper size as long as tube 55 is firing. 
The tolerance Within Which the piece is good de 
pends upon the length of time the tube 55 will 
fire which, in turn, depends upon the amount of 
shadow cast on tube 3 by the image of the piece 
undergoing inspection. The tolerance can be in 
creased or narrowed by changing the setting of 
the adjustable connection 62 attached to the re 
sistor 63 and the adjustable point 59 attached 
to the resistor 60. Furthermore, by this adjust 
ment, the minimum tolerance, as well as the 
overall tolerance can be individually controlled. 

Referring to Fig. 4, amplifying tube 8 and pow 
er tube are connected in the same manner aS 
the corresponding tubes of Fig. 1. The control 
of tube by tube 8 is similar. The cathode of 
tube is connected to the adjustable resistor 7 
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at point T2. The control grid 8 of tube f is 
connected through limiting resistor 2 in the line 
23 to the point 20. With the phototube 3 con 
pletely in shadow, the bias on the tube 8 is ad 
justable such that no current flows through the 
amplifying tube 8. As the tube 3 receives more 
light, current flows through the anode circuit of 
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tube 8 through the load resistor T and when the 
amount of current reaches the point that the 
control grid 8 of tube has its potential driven 
Sufficiently in a negative direction, it will stop the 
flow of current or greatly reduce the flow of cur 
rent through power tube f and the point at which 
the current Will cease to flow through tube f is 
controlled by adjusting the adjustable resistor 7 
So as to vary the negative potential placed on 
the cathode of power tube . 
This circuit has an additional amplifying tube 

connected in a similar manner to the amplifying 
tube 47 with two exceptions, (1) the control grid 
48 is connected to ground 76, and (2) the cathode 
is connected to the adjustable resistor 53 at point 
73 which is directly connected to point O of the 
light sensitive circuit between resistor and the 
light sensitive device 3. This hookup for the 
amplifying tube 47 is commonly referred to as 
being connected in cut-off position. The bias 
on the tube 47, when there is no light on photo 
tube 3, is such that a substantial current flows 
through the plate circuit of tube 47 but as tube 
3 receives more light, a greater positive potential 
is placed on the cathode circuit of tube 47 and 
since its control grid 48 is connected to ground, 
the bias eventually reaches the point where the 
positive potential on the cathode is such that the 
tube will cease to conduct current. 
Although not shown on the drawing, the point 
may be connected to an adjustable resistor in 

the line between the phototube 3 and the resistor 
7, rather than connecting point 77 directly to 
point Fe and thus can be controlled the ampli 
fication of tube 48. The power tube 2 is connect 
ed to the amplifying tube 47 and its related lines 
in a similar manner that the amplifying tube 2 
is connected in Fig. 1. In other Words, as the 
plate current on amplifying tube 47 increases, it 
drives the bias on the tube 2 in a negative direc 
tion and thereby reduces the current flow 
through tube 2 and eventually tube 2 will cease 
to fire. Again, the time that the tube 2 fires or 
ceases to fire, depending on the amount of light 
tube 3 receives, may be adjusted by moving the 
adjustable point 74 along the resistor 5. 
The relay switches 35 and 36, controlled by the 

relay coils 33 and 34, respectively, said relay coils 
located in the plate circuit of the tubes, respec 
tively, are shown in such a position that the indi 
cator 68 is not actuated when the tube 2 is firing 
and the tube is not firing. 
When tube 3 is receiving the maximum amount 

of light, a large amount of current is flowing 
through the plate circuit of amplifying tube 8 
which places a sufficient negative bias on grid 8 
of tube that it will not fire. Under the same 
conditions, a high positive potential is placed 
on the cathode of tube 47 and the tube 47 is 
therefore not firing and the tube 2 is firing since 
under these conditions the control grid f of tube 
2 is substantially of the potential of the point 
49 and the cathode of tube 2 is at a lower nega 
tive potential since it is connected at point 14. 
As tube 3 receives less light, it will reach the 
point where the negative bias on the control grid 
18 of tube is reduced to the point that the 
tube Will fire and the relay switch 35 Will be 
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actuated, completing the circuit for the indica 
tor- and the indicator will indicate that both of 
:the tubes are firing. As tube 3 receives less 
light, it will pass through a period when tubes 
and 2 both are firing but will reach a point 

when sufficient positive potential is placed on 
tube-47 that the plate current through the tube 
:6-7 will be increased to the point which will place 
a sufficiently high negative bias on the control 
grid 9 of tube 2 that tube 2 will cease firing 
which will open the relay switch 36. and the indi 
cator GS will no longer be-actuated. Thus, within 
the broad principles of my inventien, the indica 
tor is only actuated during a definite period in 
going-from maximum light to minimun light, Ch. 
tube. 3, and by properly controlling, regulating, 
and adjusting the bias on the grids 8 and 9 
of tubes- and 2, respectively, tubes and 2 are 
independently and successively controlled-by the 
amount of light received from a light sensitive cir 
cuit such as that embodied in phototube 3. In 
such application, I can place an article to be 
checked for a certain dimension in a photoelec 
tric inspection zone wherein a beam of light is 
passed over the article and an image-cast upon. 
tube 3. If the article is of the right size within 
the predetermined tolerance range, which may be 
adjusted by controlling, the time that both tubes 
and 2 are firing, the indicator. 63 will be actu 

ated. If the article is too large, tube 3 will not. 
receive sufficient light for the indicator. 68 to be 
actuated because tube 2 will cease to fire when 
the amplifier tube 47 conducts sufficient current to 
idrive the bias on tube 2 in a negative direction. 
Likewise, if the piece is too small, the tube. 3. 35. 
will receive too much light and sufficient cur 
rent will flow through the plate circuit of tube 
8 as to place a high negative bias on control 
grid, of tube and tube. . . will not fire. Thus, 
the tolerance within which the piece is of proper 
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the time of firing of the tubes , 2, and 78, are 
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controlled by the resistors 24, 26, and 26", con 
nected to ground 25 for the tube , resistors. 28, 
2, and .29 are connected to ground 28. for the 
tube 2, and the resistors 66,85, and 84. connected 
to the positive terminal . . The bias. On the tubes 
i, 2, and 78 are respectively adjusted and regul 
lated through the adjustable resistors 24, 27, 
and 84. The limiting resistors. 2, 22, and 88’ are 
provided. This circuit is particularly adapted:for 
indicating sizes of articles fed to the photoelec 
tric inspection zone which Vary in size. For ex 
ample, if the article is of the Smallest size, it Will 
darken phototube 3 and by proper regulating 
of the negative potential of the cathode of the 
tube 73 by means of the adjustable resistor 24, 
tube 8 will fire actuating indicator 33. If the 
tube is of the next larger size, both phototubes 3 
and 79 will be darkened and in that case, indi 
cator 82 will be actuated in a similar manner. 
If the article is of the next size, phototube 8) 
will be darkened and indicator. 8 will be actur - 
atéd. Thus, I have provided a novel system for 
inspecting articles varying in size. In general, 
the principle shown in Fig. 6 is the same as 
that shown in Fig. 1 and the independent and 
successive control of the firing of the tubes. 1, 2, 
and 8 is accomplished in the same manner. 

In Fig. 7 is shown a type of optical system which 
may be used in connection with any of the elec 
tronic devices heretofore described. In addition, 
I have provided a means for accepting or re 
jecting an article if the article : does not meet 
the proper requirements. - - . . . . . 

Referringto:Fig. 7, a light, source: 92; is provided 
and a coadensing lens: 9 is located on the optical 
axis of the light source for projecting a bean 
of light through the inspection zone across the 
top-of-the-article 95 being inspected. In this case, 

40. Isam checking the article for proper size. The -dimension-can-be controlled by adjusting the time. 
of firing of tubes. and 2. 

Referring to Fig. 5, a method and device is 
shown wherein the principles shown in Fig. 4 
may be used when employing only one power 
tube. In this case, the control grid $8, instead of 
being located in a separate-power tube, is placed 
in power tube 2. In other words, the screen grid 
of power tube 2, instead of being connected to 
the cathode, is connected to...the line, 23. Other 
wise, the function is the same as for Fig. 4. The 
bias on both grids 3. and 9 must be sufficiently 
positive for the indicator to be actuated. If 
either one of them is driven too much in a nega 
tive direction, the indicator would not be actU 
lated. Thus, in checking the dirension of the 
piece, the piece is only good as long as it con 
trols the amount of light, on tube 3: such that 
the bias on tubes 8 and 9 is sufficiently posi 
tive to that of the cathode that the tube 2 will fire, 

Referring to Fig. 6, another modification en 
ploying the broad principles...of my invention is 
shown. Phototubes. 3, 79, and 8s are connected 
in parallel between the positive terminal 4 and 
the ground 6. The control grid 9... of the tube 3 
is connected to a point between resistor and 
the tubes-3, 79, and:83. Eloading resistor it pro 
vides the placing of a negative bias on the con 
trol grids 2i, 9 and 87 of the phototubes , 2, and 
78, respectively, to which are connected indica 
tors. 8, 82, and 83, respectively. 
Amplifying tube. 8 has its operative voltages 

provided by dividing resistors E3, 4, 5, and 6. 
In a manner similar to that described for Fig.1, 

45 tube 3 as shown. 

projecting lens 94 projects an image of the object 
onto. magnifying mirror 93, which may be of any 
suitable type but is shown as convex, and the re 
flecting magnified image cuts across the photo 

In this case, if the piece is 
exactly the right size, the tube is receiving the 
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actuate the valve 39 and a blast of air controlled . . 
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proper amount of light which will actuate the 
power tubes, and 9 of Fig. 1 in such a manner 

- that the accept circuit, 39 shown in Fig. 2 is closed, 
The accept circuit may control, the solenoid valve 
588 and a blast of air will send the article 95 to 
the accept receptacle. If the piece is either too 
large or too: Snaill, the phototube 3-will not re 
:ceive the proper amount of light and the reject 
circuit 37 shown in Fig. 2 will be closed which will 

by the solenoid valver-89 willflow: through the line 
into the W block 99 and the article. Will be re 
-jected by sending it to the reject receptacle. Thus, 
I have illustrated one way of sorting articles ac 
cording to proper, or improper size. A similar-de 
Vice can be used with the scheme shown in Fig. 6 
for Sorting articles, according to size. 

Figs. 8-12 show diagrammatically various types . 
of inspections that may be made using one: or 
more of the modifications of the electronic circuit 
herein described. Fig. 8 shows a method for 
Simultaneously indicating the position of two 
edges of an article. In this case, the phototubes 

70 are connected in parallel and the controllis-made 

75 

by the amount of light received by both of the 
phototubes shown. Phototubes 96 and 97 in 
Figure 8 are used to make the above inspection of 
the article: 38. Fig. 9 shows an article to be in 
Spected: Oriented in a proper manner for simul 
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taneously indicating both the length and the di 
mension of an article. With Specific reference to 
Figure 9, an article 98 is positioned in the V 
block of against the stop 92 and the phototubes 
O3 and 04 are used for simultaneously indicating 

both the length and the dimension of the article 
0. 
Fig. 10 shows the location of a phototube en 

ployed to Scan an article Such as a cylinder 
wherein the cylinder is rotated in the inspection 
Zone, for example, between the rollers as shown. 
If the piece is good, the phototubes Will receive 
the proper amount of light during the entire ro 
tation and this can be indicated by any one of 
the electronic diagrams herein described With 
Specific reference to Figure 10 a cylindrical article 
05 is rotated between the roller 5 and the 

phototube 07 as used for making the photoelec 
tric inspection. 

Likewise, Fig. 1 shows the location of a pair 
of phototubes wherein a round Such as a cylinder 
may be rotated as in Fig. 10 and the eccentricity 
and concentricity of the inner and outer surfaces 
as well as the inner and outer dimensions may be 
determined with Specific reference to Figure 11 
a cylindrical object 98 is rotated in a manner 
similar to that shown for Figure 10 and the photo 
tubes G9 and are used for indicating photo 
electrically the eccentricity and concentricity for 
the inner and outer Surfaces as well as the inner 
and Outer dimensions. 

Fig. 12 shows how a number of the tubes may be 
located around the perimeter of the image of the 
inside diameter such as is shown in Fig. 11 and 
Where the cylinder remains Stationairy aid 
is not rotated. By connecting phototubes 2 
in parallel such as those shown in Fig. 6 and by 
using the wiring diagram of Fig. 5, for example, 
there would only be one set of conditions wherein 
all the phototubes shown in Fig. 12 receive the 
proper amount of light to actuate indicator 68 
of Fig. 5. Throughout the above description, the ampli 
fying tubes may be of any suitable type, although 
I have shown them as being the pentode type 
which I prefer to use in my invention. The power 
tubes may also be of any conventional type but 
I prefer to use the gas-filled arc discharge type 
as shown on the drawings. The indicators are 
only shown conventionally but the indicators may 
be meters, bells, lights, flags, etc., or may be a Se 
lecting device or may operate selecting devices 
wherein the article is routed or classified accord 
ing to the type of inspection being made on the 
article. 
The above modifications and embodiments of 

my invention are not to be considered necessarily 
equivalent, although they all fall within the broad 
scope of my invention. Furthermore, the descrip 
tion and the drawings are not to be considered as 
limiting my invention. Since it is limited only 
by the following claims. 
I claim as my invention: 1. A photoelectric inspection circuit compris 

ing a light sensitive circuit including a photoelec 
tric device, a first amplifying means connected 
to said light sensitive circuit such that changes in 
the amount of light received by the photoelectric 
device cause corresponding changes in the amount 
of current flowing through the first an plifying 
means whereby said change in current is caused 
only by the amount of light received by said 
photoelectric device in said light sensitive circuit, 
a second amplifying means comprising a first Con 
trol grid and a second control grid, Said control 
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grids operatively connected to the first amplify 
ing means such that said control grids have their 
reSpective Voltages changed only by said changes 
in the amount of current flowing through the 
first amplifying means and only in accordance 
With changes in the amount of light received by 
Said photoelectric device and said control grids 
being further biased and further controlled such 
that they are successively acted upon and each 
have their respective voltages changed when said 
photoelectric device receives an increasing 
anourt of light varying from a relatively small 
anouat of light to a relatively large amount of 
ight, and Such that each grid is acted upon suc 
CeSSively and in reverse order from the first men 
tioned change in voltage whereby their respec 
tive voltages are changed in the opposite direc 
tion of potential from said first mentioned change, 
When the photoelectric device receives a decreas 
ing amount of light varying from a relatively 
large aimount of light to a relatively small amount 
of light, and an indicating means operatively con 
Elected to Said Second amplifying means for indi 
cating the state of illumination of Said photoelec 

25 tric device. 
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2. A photoelectric inspection circuit comprising 
a Source of potential, a light sensitive circuit in 
cluding a photoelectric device connected to said 
Source, a first amplifying means connected to Said 
light sensitive circuit comprising an amplifying 
tube having a loaded anode circuit, a control grid 
and a cathode circuit, said first amplifying means 
connected to a second Source of potential, said 
control grid biased by said light sensitive circuit 
Such that the nore light, received by the photo 
electric device the more the Voltage on said con 
trol grid is driven in a positive direction, said am 
plifying tube normally being biased such that 
the more light received by the light sensitive de 
vice the more current will flow through said an 
plifying tube, a Second amplifying means com 
prising a second and a third amplifying tube 
Connected in parallel, each of said last mentioned 
tubes is connected 180° out of phase with the first 
amplifying tube, each of Said last inentioned an 
plifying tubes having an anode circuit, a control 
grid and a cathode circuit, each control grid of 
said second and third amplifying tubes being 
connected to the located anode circuit of the first 
amplifying tube such that the more current flow 
ing through the said anode circuit the more each 
control grid is driven in a negative direction of 
potential, each of said second and third ampli 
fying tubes being normally biased by having their 
respective cathode circuits connected to a rela 
tively negative source of potential in respect to 
their control grids so that each of said last men 
tioned tubes is rendered conducting, said third 
amplifying tube having its cathode circuit Con 
nected to a more negative source of potential than 
the cathode circuit of the second amplifying tube 
such that more current is required to fioW through 
the anode circuit of the first amplifying tube 
for driving the control grid of the third ampli 
fying tube in a negative direction of potential 
thereby rendering said third amplifying tube 
non-conducting, than is required for driving the 
control grid of the second amplifying tube in a 
negative direction of potential thereby rendering 
the second amplifying tube non-conducting, 
whereby the respective control grids of the sec 
ond and third amplifying tubes have their respec 
tive voltage potentials successively changed in a 
negative direction by said photoelectric device re 
ceiving an increasing amount of light varying 
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from a relatively small amount of light to a rela 
tively large amount of light and whereby said 
control grids have: their respective: Voltage poten 
tials changed in a positive direction. Successively 
but in reverse order from said first mentioned 
change, by said photoelectric. device receiving a 
decreasing amount of light varying from a rela 
tively large amount of light to a relatively. Small 
amount of light and an indicating means Oper 
latively connected to said second amplifying means. 
for indicating the state of illumination of Said 
light sensitive device. 

3. A photoelectric inspection circuit comprising 
a source of potential, a light-sensitive circuit in 
cluding a photoelectric device connected to said 
source, a first amplifying means Comprising a 
first amplifying tube and a second amplifying 
tube, each of said amplifying tubes having an an 
ede circuit, a control grid and a cathode circuit, 
each of said amplifying tubes being biased by the 
light sensitive: circuit such that the more light re 
ceived by the said photoelectric device, the more 
positive is the potential placed on each of said 
control grids, the cathode circuit of the first 
amplifying tube having a load resistor connected 
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25 therein, the anode circuit of the second amplify 
ing tubehaving a load resistor connected therein, 
a second amplifying means comprising a third 
amplifying tube having an anode circuit, a cath 
ode circuit and two control grids, said control. 
grids jointly controlling the flow of current 
through said third amplifying tube, one of said 
latter control grids biased by being connected to 
the loaded cathode circuit of the first amplifying 
tube such that the more current that flows 
through the first amplifying tube, the greater the 
potential on said last mentioned grid is driven in 
a positive direction, the other of said control grids 
in said third amplifying tube" biased by being con 
nected to the loaded anode circuit of the second 
amplifying tube such that the more current that 
flows through the second amplifying tube the 
more negative is driven the potential On said 
other control grid whereby the first mentioned 
control grid in the third amplifying tube is driven 
in a...positive direction for an increasing amount 
of light received by the photoelectric device and 
is driven in a regative direction of potential for 
a decreasing amount of light as received by the 
photoelectric device and the Second mentioned 
control grid in the third amplifying tube is driven 
in a negative direction of potential for an in 
creasing amount of light as received by the pho 
toelectric device and in a positive direction for a 
decreasing amount of light as received by the pho-si 
toelectric device and an indicating means opera 
tively connected to said second amplifying means 
for indicating the state of illumination of said photoelectric device. 
4. A photoelectric inspection circuit comprising 

ca, Source: of potential, a light sensitive circuit.in 
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'cluding a photoelectric device connected to said 
'Source, a first amplifying means, comprising a first 

- amplifying tube and a second amplifying tube, 
Said first amplifying tube:having a loaded anode 
circuit, a control grid and a cathode circuit, said 
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control grid being biased by the light sensitive 
circuit such that the more light received by the 
photoelectric device, the more said control-grid is 
driven in a positive direction of potential, said 
second amplifying tube having a loaded anode 
circuit, a control grid and a loaded cathode cir 
cuit, said control grid being connected to ground, 
said cathode circuit of said second amplifying 
tube being connected to said light sensitive -cir 
cuit such that the more light received by said 
photoelectric device, the more said last mentioned 
cathode is driven in a positive direction of poten 
tial in respect to its control grid thereby decreas 
ing the flow of current through said secondam 
plifying tube, a second amplifying means com 
prising a third amplifying tube and a fourth aim 
plifying tube, said third amplifying tube having 
an anode circuit, a control grid and a Cathode 
circuit, said third amplifying tube being con 
nected 180° out of phase with the first amplifying 
tube such that the more current that flows 
through the first amplifying tube the less current 
will flow through the third amplifying tube, said 
fourth-amplifying tube having an anode, circuit, a 
control grid and a cathode circuit, and said fourth 
tube being connected 180° out of phase. With 
said first amplifying tube such that the more cur 
rent flowing through the second amplifying tube 
the less current Will flow through the fourtham 
plifying tube, and said control grids in the third 
and fourth amplifying tubes being further biased 
and further controlled such that when the photo 
electric device receives an increasing amount of 
light varying from a relatively small amount of 
light to a relatively large amount of light, the 
Control grid in the third amplifying-tube is driven 
in a negative direction of potential and the control 
grid in the fourth amplifying tube is driven in a 
positive direction of potential and such that when 
the photoelectric device receives a decreasing 
amount of light varying from a relatively large 
amount of light to a relatively small amount of 
light, that the control grid in the fourth amplify 
ing tube is driven in a positive direction of poten 
tial and the control grid in the third amplifying 
tube is driven in a negative direction of potential 
and an indicating means operatively connected 
with said second amplifying means for indicating 
the state of illumination of said light sensitive 
device. -, - 
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