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This invention relates to electronic relay cir 
cuits and particularly to electronic relay cil' 
cuits of the type adapted for use with Sorting 
devices. 
In the citrus region, particularly, it has been 

found desirable for the purpose of marketing 
certain products, such as lemons, to Sort the 
articles particularly as to their Weight and size, 
so that each shipment will consist of fruit of 
substantially uniform size characteristics. 

It has become customary in the art to Which 
this invention relates to sell the fruit in a C 
cordance with its size characteristics, So that 
a crate of lemons of one size would include 
an approximately certain established number 
of units, whereas a crate of lemons of a different 
grade-size would include more or less units, 
the number of which would be generally estab 
lished. 

Substantially spherical fruits, Such as Or 
anges, are easily graded by being passed through 
holes of the proper diameter. Other fruits, Such 
as lemons and avocados, which have only a 
single axis of symmetry, cannot be graded in 
this fashion because the major axis may be but 
little longer than the minor axis, or it may be 
much greater. No set of grading holes or aper 
tures can be made which will satisfactorily Se 
lect fruit of the same weight or cross-sectional 
area where such differences of shape exist. 
Where fruit may vary into ratio of length to 

diameter between, say, 1/2:1 and 2:1 (and these 
are by no means absolute limits) it is obvious 
that the least variation in actual size or Weight 
that can be expected is 33%%. 
made by comparing cross-sectional areas, hOW 
ever, this discrepancy can be greatly reduced. 
Where a double selection can be made by grad 

ing the fruit having the same non-circular 
cross-section, and then regrading in accordance 
with its circular cross-section, fruit can be se 
lected that has not only the same size but also 
substantially the same shape characteristics, 
with a result that the limits of any grade may 
be made as close as may be desired. With this 
invention the double grading can be accom 
plished both more speedily and more accurately 
than it can be by the most experienced Operators 
using other methods. 

In what follows this invention will be described 
as applied to the grading of lemons, but it is 
to be understood that it applies equally Well to 
the grading of any objects into Substantially 
uniform sizes, and that while it finds its great 
est utility in connection with products having 
at least one non-circular cross-section it can 
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2 
also be used with spherical products with equal 
accuracy. 
The invention herein to be set forth and de 

Scribed is directed particularly to the electrical 
circuits by which the sorting operation is per 
formed. In its essence the circuits herein to be 
described and set forth comprise arrangements 
Serving to control the opening and closing op 
erations of gate- or door-like mechanisms which 
move to different positions in accordance with 
the actual size of the units being sorted. In 
One preferred form of operation the sorting gate 
Or door is arranged to be noved under the con 
trol of a motor, so that with motor energization 
the gate or door noves from one extreme posi 
tion to another, in order thereby to guide the 
product to be sorted into one classification or 
another. In this connection it has been found 
that the operation of the gate mechanism con 
Weniently can be accomplished through the en 
ergizing of the field winding of a control motor, 
Where the rotation of the moto amature (or 
rotor) after or upon motor energization Will 
Serve to shift the position of the gate element 
between two limiting ranges. Mechanisms and 
circuits to effect this type of operation inay con 
Veniently be provided through the inclusion of 
the motor field coil winding as a part of the out 
put circuit of a controlling form of thermionic 
device, such as a gaseous discharge tube, so 
that at time periods of current flow through 
the thermionic device a current flow will like 
Wise be initiated through the moto field coil 
Winding. 
In the operation of such an arrangement the 

articles (such as the citrus fruits or lemons 
herein illustedated) are passed in such a Way 
as to interrupt or eclipse a beam of light di 
rected from an appropriate light Source into a 
photoelectric tube. Such articles as pass 
through the light beam Serve to eclipse the light 
directed to the phototube with the eclipse being 
measured as to amount by the croSS-Sectional 
area of the object in that the objects fall freely 
through the light beam, because they are sub 
jected Only to the gravitational acceleration of 
a falling body. 
The control of the novernent of the gate or 

door mechanism under the influence of the op 
eration of a control motor is then established at 
different points in the System in accordance with 
the total amount of light reduction upon the 
photoelectric tube, serving to cause different 
controlling thermionic devices or gaseous dis 
charge tubes to operate at different signal level 
indications. Any single control tube functions 



2,627,847 
3 

in such a way that its load circuit normally in 
cludes a motor to control the sorting Operation. 
This may be accomplished by including both 
the field winding of the control motor and the 
voltage source which serves to bring about an 
operation of the thermionic device as part of 
the control tube circuit. Current flowing 
through the motor then produces a torque which 
tends to open or close the gate or door member, 
as the case may be, against the force exerted 
by some suitable resilient mechanism tending to 
maintain the initial position of the element. 

It is then desirable to provide ways and means 
by which the operative period of the thermionic 
device initiating the operation may be controlled 
and established. To this end the shift in posi 
tion of the gate mechanism serves to operate a 
relay which, in turn, places a storage element in 
the output circuit of the thermionic device and 
the motor. The storage element charges in ac 
cordance with current flowing through the therm 
ionic devices. If the thermionic device is of the 
gas discharge type it will be apparent that as the 
drop in potential across the storage element due 
to its contained charge approaches in magnitude 
the voltage of the source serving to maintain op 
eration of the thermionic device, the difference in 
potential between the plate or anode and the 
cathode of the thermionic device will approach 
zero, thereby arresting its operation. Then, if 
provision is made for permitting the energy ac 
cumulated in the field winding of the control 
motor to leak away Subsequent to an interruption 
of the operation, and if the gate member is biased 
normally and in the absence of other control 
forces to its first or initial position of operation, 
it becomes apparent that the gate member Will 
soon operate to return to its initial state with 
the cessation of current flow through the therm 
ionic device and the thereby controlled motor. 

Warious modifications of the System herein to 
be set forth are, of course, capable of being made, 
but the invention in one of its preferred forms 
has been set forth in the accompanying drawing 
wherein Fig. 1 is a schematic representation of 
one form of circuit for accomplishing the deter 
minations and objectives of the invention and 
wherein Fig. 2 comprising parts (a) and (b) 
shows two curves to explain in further detail 
than the circuit alone the operation of the system 
and circuit herein set forth. 
In the light of the showing herein to be pre 

Sented, it will, of course, become apparent that 
the invention has as One of its primary objects 
that of providing a positively responding control 
relay unit which will function at a rapid rate to 
establish a sorting control. Another object is 
that of providing an accurate sorting of objects 
having only a single axis of symmetry which pre 
cludes Sorting by means of Size grading through 
the use of measuring apertures. A further object 
of the invention, naturally, becomes that of de 
veloping a circuit for controlling the operation 
of a sorting device where measurable differences 
in current values flowing will bring about a segre 
gation of the sorted articles or units as to size. 
Further objects are those of developing a circuit 
of relatively simple nature which will function 
free of complexities and which Will nonetheless 
perform the desired operating steps with a mini 
mum of inconvenience. Other objects are those 
of providing a Sorting control circuit of increased 
efficiency wherein a minimum tube complement 
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4. 
is required and wherein greater fidelity of Oper 
ation is achieved. 
With these points in mind, reference may now 

be made first to Fig. 1 of the drawings, wherein 
light from a source f is arranged to be projected 
through any appropriate optical System 2 upon 
a photoelectric tube i3. The articles to be sorted 
are arranged to pass by gravitational feed, for 
instance, so as to eclipse or interrupt the light 
beam reaching the phototube 3 from the source 
f . The path of the articies is conventionally rep 
resented as being generaliy in the direction of 
the arrow, so that light falling upon the photo 
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tube 3 will be eclipsed or interrupted for time 
periods and in amounts which can be made a 
measure of the size or cross-sectional area of 
the falling article. 

Preferred forms of the device call for arrang 
ing the optical system in Such a way that a beam 
of light passing from Source i i to the phototube 
3 be rendered, by an appropriate optical System, 

into a beam of generally parallel rays during at 
least a portion of its travel. 
The phototube i3 is supplied with operating 

voltages from a voltage Supply source such as the 
well-known voltage divider, or the illustrated 
battery 6. A suitable point on the battery con 
nects to ground at . Positive voltage tapped 
at a Selected point on the battery is Supplied 
to the phototube anode by Way of the conductor 
i8, while negative polarity voltage which is de 
rived also from the battery and at the opposite 
side of the ground connection i is Supplied to 
the photo-Sensitive cathode by way of the con 
nection of the battery to the phototube output 
resistor 9. 
This Same Connection Serves to apply bias upon 

the control electrode 20 of the phototube amplifier 
tube 2. The amplifier has its plate or anode 22 
connected through the plate or load resistor 23 
to a Suitable positive voltage terminal on the 
Supply or battery 6, as indicated. The output 
from the tube 2 is also supplied by way of the 
coupling condenser 23 to a second resistor or 
potentiometer 25, connected between the coupling 
condenser 24 and the negative terminal of the 
battery or voltage Supply 6. A rectifying diode 
2 having a plate element 23 and a cathode 29 
is connected across the potentiometer resistor 25 
in the manner indicated. Warious taps connect 
the output points 30, 3, 32, 33 and 34 to various 
points on the potentiometer, so that the Voltage 
effective at the connecting points may vary and 
represent different conditions of operation. Such 
voltage as is effective at the terminal points may 
then be transferred to suitable control thermionic 
devices, of which only the thermionic device 35 
connected to the terminal point 34 is shown. The 
devices connected to the terminai points 30 
through 33 inclusive may be regarded as being 
Sinilar to that being connected at the terminal 
point 34, although the former will operate at 
different output levels, as will be apparent from 
what follows. 
The thermionic tube 35 is generally in the 

nature of a gas-filled triode and thus may be a 
tube of the type known as the Type 884 or 885, 
for instance. This tube consists of a gas-filled en 
velope containing plate, a control electrode and a 
cathode element, 36, 37 and 33 respectively. The 
tube is usually of the indirectly heated type, 
although this is not in any way essential to the 
invention. 
The illustrated connection of the invention 

shows the plate or anode of the gas-filled therm 
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ionic tube 35 as being connected through the 
conductor 39 to the conventionally represented 
field winding 40 of a motor, generally designated 
at 4. The other connection of the motor field 
winding is to a conductor 42 which connects 
through the relay switch arm 43 and the con 
tacting point 44 to a conductor 45, which, in 
turn, connects with a point of positive voltage 
on the supply represented conventionally as the 
battery 6. The circuit is completed through 
the ground connection and thence through the 
cathode element 38 of the thermionic gas dis 
charge tube. 
Thus, upon initiation of current flow through 

the thermionic tube 35, by a control pulse of 
positive polarity on its control electrode it will 
be seen that current flows through the tube and 
through the field winding 40 of the motor 4. 
By reason of the attachment in any Suitable 
manner of a closure gate or door mechanism, 49 
to the motor it will be apparent that energiza 
tion of the field winding 40 will serve to rotate 
the closure gate or door member in a clockwise 
direction from that shown by Fig. 1, So that its 
position is changed from resting upon and 
against the stop member 5 so that it rests 
against and upon the stop member 52. At Such 
times as this shift in position occurs a follower 
arm 53 likewise tending to rotate clock Wise, by 
reason of its attachment to the closure gate or 
door 49, moves over against the pressure of the 
spring member 54 to contact the relay arm or 
armature 43 and to move it away from the con 
tact point 44 and over against the contact 
point 55. 
Connected serially between the contact point 

55 and the plate 36 of the gas-filled triode 35, 
is a resistor element 56. 
The capacitor 57 connects between the con 

ductor 45 through which plate voltage for the 
tube 35 is supplied and the conductor 42 leading 
to the motor field coil. This capacity 57 is suf 
ficiently large to prevent a sudden change in the 
potential difference between the contact point 
44 and the armature 43 of the Switch as it oper 
ates, due to movement of the arm 53. Accord 
ingly, the plate current in the tube 35 is main 
tained at a substantially constant value during 
the short interval of time within which the al 
mature 43 moves between the contact point 44 
and the contact point 55. This then prevents 
the generation of high voltage across the field 
coil 40 of the motor 4, which would occur if 
the field current were reduced rapidly. Such a 
high voltage would damage the tube 35. 

It can be seen that after the armature 43 con 
tacts the contact point 55 the voltage across 
the condenser 57 may rise rapidly as the Con 
denser is charged by the plate current flow in 
the tube 35. However, as the voltage acroSS the 
condenser approaches that of the battery or 
source is the drop in potential between the plate 
36 and the cathode 38 of the tube 35 decreases 
to a value which will not support ionization 
within the tube 35, so that the plate current 
SOO Cea.SeS. 
The energy which has been stored in the mag 

netic field of the motor 4 is then dissipated as a 
current flowing through the field coil 40 of the 
motor and the resistor 56, the contact point 55 
and the armature switch 43, which maintains 
the closure or gate member 49 over against the 
stop 32, until the current is reduced to a value 
such that the magnetic torque of the motor is 
insufficient to overcome the torque produced by 
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the spring 54 connected with the arm 53, which 
tends to rotate the arm 53 counter-clockwise 
So aS to move the closure or gate element 49 
back over against the stop 5. 

NoW, to describe Somewhat further the opera 
tion of the System herein set forth, it will be 
appreciated that in a quiescent state there is 
no interruption at all of light from the source 
f to the phototube 3, so that the phototube 
receives maximum illumination. Suppose, how 
ever, that an article to be sorted as to size, such 
as a lemon, falls from an appropriate point by 
gravity (So that all articles fall at like rate) 
So as to paSS through the light beam between 
the Source i and the phototube 3. It is ap 
parent at once that the light reaching the photo 
tube is reduced. The article itself functions as 
a light obturator as it passes before the photo 
tube. This action then changes the instantane 
Ous current flowing through the phototube and 
consequently the circuits connected thereto. In 
any device Such as the phototube 3 the quantity 
of electrons einitted is Substantially proportional 
to the intensity of the illumination of the device. 
Where the anode and cathode of the phototube 
are connected through an external circuit con 
taining a Source of Voltage, as herein provided, 
Which causes the phototube anode to assume a 
Slightly positive potential with respect to the 

: cathode, some of the emitted electrons from the 
phototube cathode are drawn to the anode and 
I'eturned to the cathode through the external 
circuit. increasing the potential differences be 
tween the anode and cathode causes an ever 
increasing fraction of the emitted electrons to 
be drawn to the anode. Where substantially all 
of the electrons emitted reach the anode, the 
tube operates in a Saturated State and the current 
through the external circuit becomes propor 
tional to the radiant light flux which impinges 
upon the photocathode of the phototube and a 
Voltage drop occurs through the resistor 9. 

ihe ainpiiiier tube 2 is generally of the con 
Ventional vacuun high-nu-triode type. It is 
connected in the circuit with the phototube 3 in 
Sucin a way that its control electrode 20 is at all 
times maintained slightly negative with respect 
to its cathode, So that no current ever flows in 
the tube grid circuit. This is accomplished by 
selecting the bias voltage effective at the control 
electiode 26 of the tube 2, So that it is slightly 
in eXceSS of the Voltage dirop occurring acroSS 
the resistor 9, but it can be seen that where 
light falling upon the phototube i3 is reduced, 
he potential effective at the plate or anode 22 

of the tube 2i becomes slightly higher due to 
decreased current flow in the tube 2. 

in this connection it is desirable that the 
resistance 23 be of Such value that it is at least 
equal to the plate resistance of the tube 2, in 
order that reasonably high Voltage amplification 
may be attained. Nonetheless, the resistance 
value should be kept as low as practicable to 
promote the prompt return of the unit to a con 
dition of operation maintained when there is no 
light interruption at all on the phototube 3. 
The value of th0 plate Supply source should be aS 
high as is practical without causing the plate 
power dissipation of the tube 2i to exceed reason 
ably safe limits, although the higher tile plate 
supply voltage is chosen, the les:Ser Will be the 
danger of plate current cutoff in the tube 2 with 
light interruptions upon the phototube 3. When 
ever there is an interruption of light on the 
phototube 3 the control electrode 20 of the tube 
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2 becomes more negative and reduces the plate 
current flow through the tube, So that the poten 
tial at the tube anode 22 rises. 
For conditions of operation where no inter 

ruptions of light reaching the phototube 3 are 
brought about, the condenser 24 blocks the ficw 
of current from the plate of the tube 2 through 
the potentioneter resistance 23, b2 cause of the 
steady state of output of tube 2 . Likewise, there 
is no appreciable current in the grid circuit of 
the tube 35, because the grid is inaintained nega 
tive with respect to the cathode by the voltage 
of that part of the battery S coninected to the 
right of the ground connection at , as indi 
cated. Thus, no current flows in the potention 
eter resistor 23 and no difference in potential is 
found to exist between the anode 28 and the 
cathode 23 of the diode 27, with a result that no 
current flows through the diode. 

However, as a transition between a condition 
of steady illumination on the phototube 3 and 
a condition where light interruption occurs is 
brought about, it was already rentioned that the 
anode 22 of tube 2 rises in potential with respect 
to its cathode and this change in Voltage is in 
pressed across the resistor 23 and also across a 
circuit including the condenser 24 and the poten 
tioneter resistance 25 in series, so that one con 
ponent of the change in current appears acroSS 
the resistor 23 and a second current component 
appears in the circuit consisting of the con 
denser 24 and the potenticmeter resistance 23 
in Series. That cl:rrent which flows through the 
potentioneter resistance 25 produces a drop in 
potential across the resistance, which is sufficient 
to cause the cathode 29 of the diode 2 to beconne 
positive with respect to its plate or anode 28, 
and under this condition of operation no plate 
current can flow through the diode, so that the 
diode may be disregarded in this portion of the 
circuit analysis. 
The current flowing through the potentiometer 

resistance 23, however, causes the acclimulation 
of a charge upon the conderaser 23 with the result 
that a change in potential between the condenser 
plates is brought about, which tends to oppose 
the flow of current through the potentiometer 
resistance 25. By increasing the values of the 
condenser 24 and the potentioieter resistance 
25, this voltage increment across the condenser 
may be reduced without limit. he value of the 
potentiometer resistance 25 is made several tinnes 
that of the resistor 23 and the valie of the con 
denser 24 is preferably such that the voltage 
increment developed across it is only a Small 
fraction of the voltage increment appearing 
between the plate and cathode of the tube 2 
during an interruption of the light bean on the 
phototube 3. 

Accordingly, the condenser 26 may be con 
sidered generally of negligible effect, so that the 
current flow from the tube 2 divides between the 
resistor 23 and the potentiometer resistor 25 in 
parallel. Thus, since the values of the two re 
sistances of the parallel network comprising 
resistor 23 and the potentiometer resistance 25 is 
nearly constant, as is the value of the resistance 
9 and the plate resistance of the tube 2, as well 

as its amplification factor, it becomes clear that 
the voltage drop appearing across the potention 
eter resistance 25 is approximately proportional 
to the current flow through the phototube and 
thus proportional to the change in illuinination 
upon the phototube. Since the illumination upon 
the phototube is a neasure of the size of the 
article to be sorted, in the assumed instance the 
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8 
lemon, the Voltage drop across the potentiometer 
resistance 25 is likewise a measure of the size of 
the article to be sorted. 

Referring now to the control circuit of the gas 
filled thermionic tube 35, it will be observed that 
the tube anode is maintained at a positive poten 
tial with respect to its cathode by reason of the 
connection from the source 6 through the con 
tact point 44, the armature 43, the conductor 42, 
the field Winding 40 of the motor 4t, and the 
conductor 39 connected through to the tube anode 
36, where the tube has its cathode 38 connected 
to ground 7. Under these conditions, however, 
no current flows through the tube 35 So long as 
the tube grid or control electrode 37 is kept suffi 
ciently negative with respect to the tube cathode. 
This negative potential is applied, as above, ex 
plained, by reason of the connection of the point 
34 to a point on the battery or supply source 
6, which is negative with respect to ground 7. 
However, as the tube control electrode 3 be 
comes less negative with respect to its cathode, a 
point is reached. Where ionization of the gas in 
the tube occurs and the tube plate resistance 
suddenly drops to an extremely low value, so that 
current flows in the plate circuit of the tube and 
through any ioad included therein, in this case 
the motor field Winding. 
As is the case With any gaseous discharge tube, 

the grid loses all control over the tube plate cur 
rent as Soon as ionization commences and Cur 
rent continues to flow in the plate circuit until 
the plate voltage is removed. In the instance 
described above, where the light beam to the pho 
totube 3 is interrupted, a Voltage drop occurs 
across the potentiometer resistance 25 and the 
polarity of that drop is Such that the grid or 
control electrode 3 which connects to the point 
34 becomes less negative with respect to the tube 
cathode. Thus, by setting the points of connec 
tion 34, 33, 32 and so on, voltages may be es 
tablished which are barely sufficient at each 
point to initiate ionization of the gaseous dis 
charge tube thereto connected. Where the points 
are once established and proper adjustment has 
been made, it will be appreciated that the pas 
sage of a unit to be sorted between the light 
source and the phototube 3, Which is of leSS 
than a minimum size will be prevented from 
causing ionization of any of the gaseous dis 
charge tubes. However, a somewhat larger ob 
ject Will initiate ionization only in that gaseous 
discharge tube which is connected at the ter 
iminal point 38, for instance, while still larger 
units will initiate ionization in other gaseous dis 
charge tubes with the terminal point 34 being 
set so that it responds to the largest size of unit 
category to be selected. This is pulrely illustrative 
of the operation and where tubes operating in a 
manner like tube 35 are connected to other con 
tacts the method of contact is like that above-de 
Scribed. - 

Under conditions when current flow is initiated 
in the gaseous discharge tube 35, current flows 
in its plate circuit, as above explained, and as 
also was explained above, this current flow 
through the field winding 38 of the notor 4 
moves the closure or gate member 49 in a clock 
wise direction over against stop 52 instead of stop 
5. 

It was also explained above in connection with 
the movement of the closure or gate member 49 
how that element returned to its position as in 
dicated. It accordingly now becomes appropriate 
to refer further to the function of the diode 27 
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in the circuit, since the above explanation point 
ed out that the diode cathode 29 became posi 
tive With respect to the anode 28, due to the Wolt 
age drop appearing across the potentiometer re 
sistance 25, being of a polarity to bring about this 
result. It was likewise pointed out above that 
the condensei 24 accumulates a small charge dur 
ing periods. When the light directed to the photo 
tube 3 is eclipsed by the falling article. Accord 
ingly, as Soon as the falling article has passed 
out of the light path to the phototube to per 
mit full light to fall thereon, the charge on the 
condenser 24 must be reduced to a negligible 
value before it is possible again to operate the 
apparatus by permitting another falling article 
to eclipse the light beam directed to the photo 
tube. If the residual charge were not dissipated 
the voltage produced in the control grid circuit 
of the gaseous discharge tube 35, for instance, 
as a result of any subsequent objects' reducing 
the light to the phototube 3 would be a measure 
of and would be dependent upon the size of the 
first object as well as the size of the second ob 
ject, and so on, with the result that inaccurate 
sorting would result. Thus, immediately follow 
ing the transition from a condition of light 
eclipse to a period when maximum light is per 
mitted to fall upon the phototube 3, the con 
denser 24 will commence to lose the charge built 
up during the period of light interruption. Un 
det' these circumstances, if the diode 27 were to 
be omitted from the circuit, this charge Would 
have to be dissipated by current flowing through 
the potentiometer resistance 25, the voltage sup 
ply source is, and the shunt combination of the 
resistance 23 and the plate resistance of tube 2. 

Because of the high total resistance in a cir 
cuit of this variety, the current Would have to 
be low, as would the rate of dissipation of the 
charge, but by including the diode in the circuit 
the current resulting from the discharge of the 
condenser 24 is in such a direction as to cause 
the plate or anode 28 of the diode to become posi 
tive with respect to its cathode and the low plate 
resistance of the diode under these conditions 
serves for the moment effectively as a short cir 
cuit about the potentiometer resistor 25 and per 
mits the condenser 24 to discharge through the 
relatively low resistance shunt combination thus 
provided. If the resistance of the potentiometer 
is made large in comparison with the equivalent 
resistance of resistor 23 and the plate resistance 
of the tube 2, the charge accumulated by the 
condenser 24 may be kept low and the diode 27 
will then promote its rapid dissipation. 
These effects have been shown particularly by 

the curves of Fig. 2, where the curve (a) repre 
sents the conditions obtaining in the circuit with 
the diode 2 omitted. In this case condenser 24 
is not completely discharged at time t5 (corre 
sponding to t1 in the first cycle of operation) 
and a back voltage remains which limits the 
charging current to a lesser value at time to than 
it had at time to. Since the voltage across the 
potentiometer 25 is proportional to the charging 
current it does not rise to its previous value even 
though the degree of eclipse is the same, as the 
figure shows, and a wrong selection results, es 
pecially since the effect is somewhat cumulative. 
Curve (b) shows how this effect is prevented by 
the use of diode. 

Referring first to Fig. 2(a) the time period t1 is 
that where the article falling through the light 
beam from the source it commences to interrupt 
the light to the phototube 3. By the time t2 the 
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10 
light is fully eclipsed and the condition is as 
sumed to persist until a time t3 at Which the 
article has fallen to such a distance that the 
light from the source f is once more uncovered 
or revealed to the phototube 3 as the object falls. 
By the time t the object has fallen to such an 
extent that the light from the Source and the 
phototube 3 is fully revealed and the article is 
fully outside of the light beam. This condition 
is maintained until a time t5 whereupon a repeti 
tion of the conditions that started at time t1 takes 
place. Thus, for reference purposes, times t1 and 
t5 may be considered alike. 

Considering now the curves (a) and (b) of 
Fig. 2, it will be seen that on each the Woltage 
at which current will start to flow (or ionization 
occur) in tube 35 is represented by the dotted 
line. This potential is reached betWeen time t1 
and time t2, that is, between the time the article 
starts to eclipse the light passing between the 
source and the phototube i3 and the time 
when the article is completely within the light 
beam. At this time, however, the condenser 24 
continues to accumulate a charge due to current 
flowing through the potentiometer resistance 25. 
This continues while the article is completely 
within the light beam, but with the article mov 
ing beyond the region whereat the light beam 
is effective it is again apparent that the tube 2 
Will draw more current, and the result is that 
the potential at the condense 24 is reduced until 
at the time ta. when the article has passed out 
completely from within the light beam the poten 
tial at the junction of condenser 24 and the 
Cathode 29 connection of diode tube 27 is nega 
tive (as in Fig. 2b). If the diode 2 is not in 
cluded in the circuit (as per Fig. 2d), then the 
charge on condenser 24 can only be dissipated 
by the current flow through the potentiometer 
resistance 25, the battery 16, and the shunt com 
bination of the resistance 23 and the plate re 
sistance of tube 2. Such a circuit has high 
total resistance and therefore the rate of dis 
sipation of the condenser charge is low. 
As shown by Fig. 2d. Where no diode is in 

cluded, there still may be Some residual charge 
in condenser 24 at the time ts (the next t1) SO 
that at time to (the next t2) the potential C 
which should be the same as C, for a case of 
equal light interruption (same size object inter 
rupting light) it is actually less than should be, 
unless each of two Successive objectS is going to 
have a different effect on the system. If this 
happened inaccurate sorting Would result. But, 
where diode 2 is included in the cil'cuit the cur 
rent resulting from the discharge of condenser 
24 is in such a direction that the plate or anode 28 
of diode 2 is effectively positive relative to the 
tube cathode 29. Thus, the resistance of tube 27 
becomes low and effectively short circuits the 
potentiometer resistance 25 and thus the con 
denser 24 is able to discharge through the rela 
tively low resistance shunt combination of re 
sistor 2S and the plate resistance of the tube 2. 
If the resistance of the potentiometer resistance 
25 is much larger relative to the equivalent parel 
lel resistance of resistor 23 and the plate resist 
ance of the tube 2 the charge accumulated by 
condenser 24 may be kept relatively low and the 
diode 2 permits its rapid dissipation. 
Having now described the invention, what is 

claimed is: 
... An electronic control device comprising a 

gate member, a motor for moving the gate in one 
direction between an open and a closed position 
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at time periods of current flow through the motor, 
a thermionic tube. having its output circuit con 
nected to include the notor to establish an oper 
ation of the gate in its selected direction of open 
ing and closing to coincide with periods of 
operativeness of the thermionic tube, an electrical 
energy Storage device, an intermittently operat 
ing control circuit for initiating a charging oper 
ation of the electric energy storing device under 
the control of the current flow through the output 
circuit of Said thermionic tube subsequent to the 
gate Operation for regulating the current flow 
and limiting the operative period of the said 
tube, means operative subsequent to a cessation 
of Operation of the thermionic tube to return 
the gate member substantially to its initial posi 
tion. 

2. An electronic control device comprising a 
gate merinber, a motor for moving the gate in one 
direction between an open and a closed position 
at time periods of current flow through the motor 
coil, a thermionic tube having its output circuit 
connected to include the motor coil to establish 
an operation of the gate in its selected direc 
tion of opening and closing to coincide with 
periods of operativeness of the thermionic tube, 
an intermittently operating control circuit con 
nected to initiate an operation of the thermionic 
tube, an electric energy storing means connected 
to be charged by the current flow in the output 
circuit of Said thermionic tube subsequent to the 
gate Operation to control and limit the opera 
tional period of the thermionic tube, means in 
cluded as a part of the charging circuit of the 
electric energy storing means to dissipate the 
motor coil energy, and means to return the gate 
member substantially to its initial position, 

3. An electronic control device comprising a 
gate member arranged to open and close to allo 
cate objects directed thereto to one or another : 
paths, a motor for moving the gate in one direc 
tion between its open and closed positions con 
currently with current flow in the motor coil, 
a gaseous discharge tube having its output cir 
cuit connected Serially with the motor coil to 
establish an operation of the gate in its selected 
direction of opening and closing to coincide with 
the initiation of operation of the gaseous dis 
charge tube, an intermittently operating meas 
uring control circuit for the gaseous discharge 
tube to initiate its operation, a condenser con 
nected to be charged by the current flow through 
said gaseous discharge tube subsequent to the 
gate Operation to control and imit the Opera 
tional period of the gaseous discharge tube, means 
Operative With a cessation of operation of the 
gaseous discharge tube to dissipate the motor 
coil energy, and means to return the gate mem 
ber promptly substantially to its initial position. 

4. An electronic control device comprising a 
gate herber arranged to open and close to allo 
cate objects directed thereto to One or another 
paths, a motor for moving the gate in one direc 
tion between its open and closed positions Con 
currently with current, flow in the motor coil, a 
gaseous discharge tube having its output circuit 
connected serially with the motor coil to estab 
lish an operation of the gate in its selected di 
rection of opening and closing to coincide With 
the initiation of operation of the gaseous dis 
charge tube, an intermittently operating meas 
uring control circuit for the gaseous discharge 
tube to initiate its Operation, a condenser con 
nected to be charged by the current flow through 
said gaseous discharge tube subsequent to the 
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gate operation to control and limit the operational 
period of the gaseous discharge tube, and means 
to return the gate member promptly substantially 
to its initial position. 

5. An electronic control device comprising a 
gate member arranged to move between two lim 
iting positions, a motor for moving the gate in 
One direction between the two limiting positions 
coincidentally With current flow in the notor 
coil, a thernionic tube having its output circuit 
connected to include the motor coil to establish 
a movement of the gate in its one direction of 
motion to coincide in time period with the initia 
tion of operation of the thermionic tube, an 
intermittently operating photoelectric tube con 
trol circuit for the therinionic tube to initiate 
its operation concurrently with changes in light 
at the photoelectric tube, a condenser element 
Connected to Cne terminal of the motor Winding, 
means for normally establishing a short, circuit 
about. Said condenser, a relay circuit connected 
te operate to remove the short circuit substan 
tially coincidentally with initial gate operation 
and thereby to Connect the condense serially 
in the circuit including the thermionic tube and 
the motor coil to charge the condenser and to 
render the thermionic tube inoperative at Sub 
Stantially the time when the condenser becomes 
charged. 

6. Electronic relay apparatus comprising a gate 
Emember positioned normally to remain in one of 
a closed and open state, a motor in cooperative 
association with the gate member to change the 
gate position Substantially coincidentally with 
notor operation to the other of its open and 
Closed states, an interruptedly operative thermi 
Onic device to initiate an operation of the motor 
eoncurrently with an initial flow of current 
throt!gh the said device, an energy storing de 
Vice connected to receive a storage charge of 
energy through the thermionic device at a time 
Subsequent to the initiation of notor operation 
and to control and limit the operative periods of 
the thermionic device, a circuit to dissipate the 
energy stored in the motor winding following an 
interruption of Operation of the thermionic de 
Vice, and means to return the gate member to 
its normal and initial position. Subsequent to a 
cessation of operation of the thernionic device. 

7. Electronic relay apparatus comprising a gate 
member positioned normally to remain in one 
of a closed and open state, a motor in cooperative 
aSSGeiation with the gate member to change the 
gate position Substantially coincidentally with 
motor operation to the other of its open and 
closed states, an interruptedly operative thermi 
onic device to initiate an operation of the motor 
concurrently With an initial flow of current 
through the Said device, an energy storing de 
Vice connected to receive a storage charge of 
energy through the thermionic device at a time 
subsequent to the initiation of motor operation 
and to control and limit the operative periods 
of the thernionic device, and means to return 
the gate member to its normal and initial po 
sition subsequent to a cessation of operation of 
the thermionic device. 

8. Electronic relay apparatus comprising a plu 
rality of gate, neig's each positioned noFinally 
to remain in one of a closed and open state, a 
notor in cooperative association with each gate 
inenber to change the gate position substantially 
coincidentally with motor operation to the other 
of its open and closed states, a normally inop 
erative thermionic device connected to initiate 
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with its own operation an operation of the notOI 
concurrently with an initial flow of current 
through the said device, a plurality of energy 
storing devices connected to receive individually 
a storage charge of energy determined by the 
current flow through an individually associated 
thermionic device at a time period subsequent 
to the initiation of inotor operation and during 
an operative period of the theireWith a SSociated 
thernionic device and to terrainate the Opera, 
tive period with a charging of the therewith 
associated energy-storing device, a light Source 
and a photoelectric means, means to direct light 
from the Source upon the photoelectric ineans 
to provide output current fow neasured by the 
light reaching said aeans So that the current 
output is substantially a measure of the light 
quantity reaching the photoelectric means within 
a unit time period, means responsive to output 
charge from the photoelectric reas to initiate 
an operation of Selective aind individual OneS 
of the thernionic reas in accordance With the 
output, current magnitude from the photoelectric 
means, and means to return the gate to its initial 
position Subsequent to 2 cessation of Operatio. 
Of the theireWitti associate thernionic inteans. 

9. Electronic relay apparatus comprising a plu 
rality of gate members each positioned normally 
to remain in One of a closed and Open State, a 
notor in cooperative association with each Cf 
the gate members to change the gate position 
substantially coincidentally with an operation of 
the thereWith aSSociated rotoi to the oths: C 
itS open and coSec States, a, Selarate gaseous dis 
charge device to initiate an operation of eat 
individual motor concurrently with an initia flow 
of current through the there with associated gase 
ous discharge device, a photoelectric neans con 
nected to respond to eclipsing of a control light 
bean for variable time periods neaString oil 
jects intermittently and progressively passing 
within the light, beam to modify a flow of cur 
rent generated thereby, a control circuit to initi 
ate operation of individual ones of the gaseous 
discharge devices dependent upon the time pe 
riods of light eclipse upon the photoelectric i. 
means, an energy-storing device connected with 
each gaseous discharge device to receive a storage 
charge of energy through the gaseous discharge 
device at time periods Subsequent to the initi 
ation of motor Operation of the thereWith associ 
ated motor and to limit the operative period of 
the said gaseous discharge device, a portion of 
the charging circuit being adapted to release the 
energy stored in the notor field following an in 
terruption of opei'ation of the gaseous discharge 
means, and means to control the time period of 
return of the gate Yember to its nornal and 
initial position. 

10. Electronic relay apparatus comprising a 
plurality of gate members each positioned nor 
may to remain in One of a closed and open 
State, a motor in Cooperative association with 
each of the gate members to change the gate 
position substantially coincidentally with an op 
eration of the thereWith associated notor to the 
other of its open and closed states, a separate 
thernionic device to initiate an Operation of each 
individual motor concurrently with an initial flow 
of current through the thereWith associated 
thermionic device, a photoelectric means con 
nected to respond to eclipsing of a control light 
beam for variable time periods measuring ob 
jects intermittently and progressively passing 
within the light bean to modify a flow of current 
generated thereby, a control circuit to initiate 

2 

2 

: 5 

60 

65 

70 

14 
operation of individual ones of the thermionic 
devices dependent. Upon the time periods of light 
eclipse upon the photoelectiric 128ans, and a rec 
tifier unit connected to shunt at least a part of 
the control circuit to restore it to an equilibriuin. 
condition following the operation of each individ 

all thernionic device and prior to any SubSe 
quent operation thereof, an energy-storing de 
vice, means to connect the energy-storing device 
to the output circuit of each thernionic de 
energy-storing device under the control of cur 
rent flow through the thernionic device at time 
periods subsequent to the initiation of motor op 
eration of the therewith associated notor and 
during an operative period of the said thermionic 
device, Said charging circuit, including means to 
release the energy in the notor field following an 
itei'i'uptioi of operation of the thernionic 
leans, and means to control the time period of 

return of the gate reher to its horal and 
initial position. 

1. Electronic article sorting apparatus for 
Segregating articles having different length inajor 
and minor axes as to size, corpiising a plurality 
of gate inenbers each positioned normally to re 
main in One of a closed and open state; a plu 
trality of gate operating notors each having its 
field Winding gonnected in cooperative associa 
tion with one of the gates to control upon notor 
energization a change in the gate position in 
one direction between its open and closed state; a 
in einionic device to initiate a current flow 
tihirough individual notoi's in a Ccordance with 
the article size instantaneously being neasured; 
photoelectric apparatus and an activating light 
Source therefor, the light reaching said photo 
electric device - from the light Source being ar 
rang2d to be eclipsed by articles to be sorted 
passing through the light beam with the light 
eclipses varying substantially in proportion to 
the size of the article instantaneously to be meas 
ured, thereby to control the output circuit to 
initiate an operation of individual motors de 
pendeit upon the degree of light, eclipse between 
a. Inishinuin and that value approaching totality; 
energy-Storing elements each having one ter 
ninal connected to a theires/ith-associated 
motor, relay means normally to short-circuit 
each energy-storing element, means operative 
coincidentally to the actor operation to remove 
the short-circuit of the energy storing element 
and to connect the energy-storing element in the 
Output circuit of the therewittin-associated tube 
to charge Said energy-storing element to a value 
to render the tube inoperative; and a gate oper 
ating control device for returning each gate to 
that of its closed or open positions in which it 
Was located prior to energization of the motor 
and SubSequent to an operation of the motor 
by the thernionic means. 

12. Electronic Sorting apparatus for segregat 
ing a Symmetrical articles as to size comprising 
a plurality of gate members each positioned nor 
nally to remain in One of a closed and open 
State; a gate operating motor in cooperative as 
Sociation. With each gate to control, upon motor 
energization, a change in the gate position in 
One direction between its open and ciosed state; 
a. thernionic device to initiate an operation of 
individual motors determined in accordance with 
the time when current fiows through said devices, 
photoelectric apparatus and an activating light 
Source therefor, the light reaching said photo 
electric apparatus from the light source being 
adapted to be eclipsed by articles to be sorted 
passing through the light beam with the light 
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eclipses varying substantially in proportion to 
the size of the article instantaneously eclipsing 
the light directed to the photoelectric apparatus, 
thereby to control the output current upon the 
photoelectric apparatus, a control circuit to 
initiate an operation of individual motorS de 
pendent upon the degree of light eclipse between 
a minimum and a value approaching totality, an 
energy storing device connected to be included 
in the circuit of each thernionic device SbSe 
quent to an initiation of motor operation, there 
by to charge during periods of current flow 
through the thermionic device, a circuit to release 
the energy stored subsequent to an interruption 
of operation of the thermionic means, and a gate 
operating control device for returning each gate 
to that of its closed or open positions in which it 
was located prior to energization of the motor 
and Subsequent to an Operation of the notor by 
the thermionic means. 

13. The electronic control device claimed in 
claim 3 comprising in addition a unilaterally 
conducting element connected in parallel with at 
least a part of the control circuit and connected 
to be energized by the current flow in the con 
trol circuit to restore the control circuit to an 
equilibrium state in the time interval between its 
states of intermittent operation. 

14. The control circuit claimed in clain 4 con 
prising in addition a rectifier connected in shunt 
with at least a part of the gaseous discharge tube 
control circuit for restoring the control circuit to 
an equilibrium state during the inoperative pe 
riods thereof. 

15. An electronic control. device for sorting ap 
paratus comprising a thermionic tube IOrmally 
having a steady current flow therethrough, and 
means to modify the current through said tube 
under the control of the objects to be Sorted, an 
output circuit for said tube including a first path 
including a resistive element and a Second path 
in parallel with the first path, the second path 
including in Series connection a capacitive and a 
resistive element across which a voltage drop in 
dicative of the object controlling current flow . 
through the thermionic tube is developed With 
modification of the current flow through said 
tube, a load circuit including at least one gaseous 
discharge tube having its input circuit connected 
across at least a part of the resistive element of ; ; 
the second path, an output circuit for Said gas 
eous discharge tube including a motor coil Wind 
ing and a source of operating Voltage for the gas 
eous discharge tube, a gate mechanism Con 
nected to be moved from one to another of tWO 
limiting positions with initiation of motor opera 
tion, an electrical energy storage device, relay 
means operative in one position normally to 
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short-circuit the electrical storage device at 
times of motor inoperativeness and operative in 
a second position initiated coincidentally to 
motor operation to disconnect the motor Coil 
from the gaseous discharge tube output circuit 
and to include in its stead a shunt path thereto 
comprising a series combination including the 
energy storage device and a coil energy-dissipat 
ing element, said last-named connection provid 
ing a charging circuit for said energy Storage de 
Vice through Said gaseous discharge tube so that 
upon charge accumulation in said electrical stor 
age device approaching the value of the source 
conduction through the gaseous discharge tube 
ceases, and means for restoring the gate mecha 
nism and motor to an initial position following 
disconnection of the notor coil from the tube 
output circuit and the coil energy dissipation 
through the energy dissipating element. 

16. The electronic control device claimed in 
claim 15 comprising, in addition, a diode Con 
nected in shunt to the resistive portion of the 
second output path of the thermionic tube, said 
diode being adapted to become conductive follow 
ing a movement of the gate mechanism to re 
store an equilibrium condition of gaseous dis 
charge tube operation. 

17. An electronic control device as claimed in 
claim 15 comprising, in addition, a unilateral 
conductor connected in shunt to the resistive por 
tion of the said second output path of the therm 
ionic tube and connected to become conductive 
with restoration of a steady state output current 
flow from the said thermionic tube so that the 
operation of the gaseous discharge tube is re 
stored to an equilibrium state following each 
operation of the gate mechanism. 

JOHN B. POWERS. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTs 

Nuber Nane Date 
1929,273 Crago --------------- Oct. 3, 1933 
1972,682 Fitzgerald ---------- Sept. 4, 1934 
2,024,300 Miller ------------- Dec. 17, 1935 
2,096,427 Gulliksen ---------- Oct. 19, 1937 
2,149,177 Miller ------------- Feb. 28, 1939 
2,244,826 Cox --------------- June 10, 1941 
2,312,357 Odquist ------------ Mar. 2, 1943 
2,413,070 Reeves ------------- Dec. 24, 1946 
2,433,557 Hurley, Jr. --------- Dec. 30, 1947 
2,433,946 Gause et al. --------- Jan. 6, 1948 
2,434,680 White et al. --------- Jan. 20, 1948 
2,445,460 Snyder ------------ July 20, 1948 

  


