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SORNG MACNE 
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Mich 

Grand Rapids, 

Application August 3, 1938, Serial No. 222,87 
29 Claims. (C. 209-11) 

This invention relates to improvements in 
sorting machines. 
The main objects of my invention are: 

. First, to provide a novel and improved machine 
for sorting articles on the basis of the relative 
color reflectivity thereof which is operative 
throughout a practically unlimited color range. 
Second, to provide a sorting machine capable 

of classifying objects in accordance with hue as 
distinguished from brightness. 
Third, to provide a sorting machine capable 

of classifying objects in accordance with both 
hue and brightness simultaneously. 

Fourth, to provide a sorting machine which, 
with a single inspection, can make a plurality of 
totally independent decisions and subsequently 
make appropriate disposition of the inspected 
articles. 

Fifth, to provide a sorting machine whose deci 
sions may be based on two independent variables. 

Sixth, to provide a machine of the type de 
scribed having photoelectric means for scanning 
a plurality of articles to be sorted in combination 
with cathode ray tube means for receiving a pri 
mary signal originating in said photoelectric 
means, the said cathode ray means acting to 
originate a secondary signal in further photo 
electric means viewing the cathode ray screen 
as exposed by a mask. 
Seventh, to provide a machine of the type de 

Scribed embodying a cathode ray tube, the said 
tube constituting control means for determining 
the actuation of ejecting means. 

Eighth, to provide a machine embodying a 
cathode ray tube adapted to have signals from 
a suitable Originating Source impressed on the 
deflecting plates thereof, and sentinel means as 
sociated with said cathode ray means and adapt 
ed to receive an indication therefron. 

Ninth, to provide a selective transmitting 
means including a cathode ray tube of the de 
flecting plate type and having a selectively 
masked fluorescent screen whereby only a pre 
determined portion of the screen is effective for 
light transmission. 
Tenth, to provide in combination with a cath 

ode ray tube means whereby light impingements 
on only a portion of its fluorescent screen are 
translated to subsequently operated means. 

Eleventh, to provide a Cathode ray controlling 
and actuating mechanism of broad utility. 
Twelfth, to provide a novel sorting machine 

whose versatility is augmented by including 
means for making reflectivity measurements of 
two colors and means whereby acceptance or re 

jection may be determined in accordance with 
any prescribed values, either independent of or 
mutually dependent on said measurements. 
Further objects relating to details and econ 

omies of my invention will definitely appear from 
the description to follow. The invention is de 
fined in the claims. 
A structure embodying the fetaures of my in 

vention is illustrated in the accompanying draw 
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ings, wherein: 
Fig. 1 is a perspective view of a practical em 

bodiment of my invention especially adapted or 
designed as a sorting machine for citrus fruit. 

Fig. 2 is an enlarged fragmentary view in per 
spective, illustrating the rotatable article carrier, 
the ejector mechanism, and the article illumi 
nating and scanning housing of my machine in 
operative relation to one another. 

Fig. 3 is an enlarged fragmentary view of the 
illuminating and scanning housing and the ar 
ticle carrier, partially broken away and in ver 
tical section to illustrate the construction and 
operative relation thereof. 

Fig. 4 is a diagrammatic view illustrating the 
manner in which the photoelectric scanner views 
an article to analyze the color components there 
of by light reflected therefrom. 

Fig. 5 is a fragmentary perspective view illus 
trating the operative relation of a cathode ray 
tube, a mask, and a photoelectric sentinel tube 
which constitute important features of this in 
vention. 

Figs. 6 and 6A illustrate the wiring diagram for 
the electrical actuating circuit of the machine, 
the said diagram being broken into two parts 
along line A-A. 

Fig. 7 is a representation of the screen of a 
cathode ray tube, having Superposed thereon-a- 
diagram or chart illustrating the behavior of the 
cathode ray trace while the machine scans war 
ious articles. 

Fig. 8 is a view illustrating a detail of con 
struction or assembly of a modified embodiment 
of my invention. 
The embodiment of my invention illustrated is 

a machine for sorting articles such as citrus 
fruits into various classifications according to 
color and, therefore, generally, degree of ripe 
ness or condition. My invention is not, however, 
restricted in use to this field and is adaptable 
and may be employed for the sorting or color 
classification of any other articles, for example, 
coffee beans, peanuts, and the like, which, when 
subjected to light focused thereon from a source, 
are capable of reflecting rays of light having a 
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plurality of constituent colors. Furthermore, 
the machine possesses utility broadly as a sorting 
device irrespective of the basis on which the 
sorting is made and may avail itself of any char 
acteristics of the articles, i.e., weight, hardness, 
strength, etc., which are capable of being propor 
tionately expressed in the form of electric in 
pulses. 
In the embodiment illustrated, the advantages 

of my machine are emphasized in view of the fact 
that citrus fruits ordinarily vary through a wide 
range in the color thereof. It is of great prac 
tical importance to sort such fruits thoroughly 
in order to haye articles of the same color crated 
together, or to remove overripe and underripe 
specimens or for other reasons, and it has here 
tofore been possible to accomplish such color 
sorting only by hand, a process which is slow 
and, in addition, by no means free from error. 
After a short interval of time, the most skilled 
sorter is unable to detect differences in color 
within a very appreciable range, due to fatigue 
of the eye; thereafter his work is totally unsatis 
factory. 
The present machine is eminently suited for 

the sorting of such articles or any articles having 
a considerable range of color variation, in view 
of the fact that its operation is based on an 
analysis of colored light reflected from the arti 
cles to be sorted and a consequent electro-me 
chanica sorting procedure in strict consonance 
with and by means of the information gained 
from this analysis of the articles. I am aware 
that it has hitherto been proposed to aSSOrt 
articles by differences in absolute intensity and 
differences in intensity of light reflected from 
the articles relative to a standard. In my prior 
copending applications Serial No. 711,374, filed 
February 15, 1934, now Patent No. 2,131,095 
dated September 27, 1938, and Serial No. 49,727, 
filed November 14, 1935 now Patent No. 2,131,096, 
dated Sept. 27, 1938, I disclose machines assort 
ing according to light intensity. 
The present invention differs materially from 

prior art devices and the subject matter of the 
above noted applications in that in the instant 
invention provide photoelectric means for view 
ing or scanning the articles through a plurality 
of color filters or screens So as to analyze light 
refected from the articles according to the rela 
tive intensity of at least two of its color com 
ponents. 
In the specification to follow I employ the term 

'color reflectivity' to designate the property 
possessed by the surface of an article of reflect 
'ing a certain component of a multichromatic 
light to which it is exposed. However, I would 
not consider it a departure from the spirit of 
this invention should it be found desirable to 
use fluorescent light excited by a shorter wave 
length. Although this would not involve true 
"reflectivity," nevertheless the effect on the light 
sensitive scanning instrumentality would be the 
same and I consider such an expedient within 
the scope of my invention. 
In the machine of my invention, photoelectric 

impulses generated from such a scanning, that 
is, the separate primary signals, each propor 
tional in strength to the percentage reflectivity 
of a certain color present in the light reflected 
from the surface of an article being sorted, are 
transmitted to the deflection plates of a cathode 
ray tube. The resulting electrostatic field set up 
between the respective deflection plates causes 
the electron stream or beam of the cathode ray 
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2,244,826 
tube to be deflected in one dirction or another 
on the fiuorescent screen thereof. By associat 
ing a sentinel means unit in this embodiment 
and a photoelectric viewing...means with the 
screen of the cathode ray tube and blocking out 
or masking desired portions of said screen, it is 
possible to expose the Sentinel means to the spot 
or trace on the screen produced by the electron 
beam in whichever portion of the cathode ray 
screen it is desired. Bearing in mind that the 
beam deflection arises as a manifestation of the 
particular color of an article viewed, for instance, 
a defective article, it will be seen that the 
luminous spot or trace thus produced on the 
Screen, if masked fron the view of the viewing 
means, will cause no further action, but if it is 
permitted to be viewed by the photo-cell or -tube, 
the latter instantaneously originates a secondary 
impulse. The impulse-generated in the said sen 
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tinel means may be then amplified and trans 
mitted by suitable instrumentalities to an ejector 
mechanism and the undesirable article ejected. 
The flexibility of my improved machine will be 

appreciated when it is realized that by suitably 
masking the cathode ray screen in an almost in 
finite number of ways an almost infinite number 
of gradations in relative color reflectivity of 
articles will be recognized by the photoelectric 
tube and any one thereof ejected if desired. On 
the other hand, if desired, the cathode ray screen 
may be so masked that al., except a certain class 
or coloration of articles, no matter how large or 
how small the class, will be ejected. It is only 
necessary that a certain grade or color of article 
be run through the machine in order to fix the 
point at which the cathode ray beam impinges 
On the Screen when a given article passes the 
scanning tube; and the screen may be masked 
to pass only the beam trace characterizing 
articles of that color or of a range of color ad 
jacent that color and accordingly set the ma 
chine to eject those articles, or, on the other 
hand, the mask may be selected to obstruct that 
bean trace and Set the machine to eitect all 
articles except those of that color or that range 
of Color. 
So far as I am aware, it is broadly novel to 

adapt the cathode ray tube to an assorting ma 
chine of the type described. Up to the present, 
the cathode ray tube has been restricted in its 
application to its use as an analysis or testing 
device, generally in the laboratory and more par 
ticularly in servicing radio receiving and trans 
mitting apparatus, and in television. Its use in 
the cathode ray oscillograph is well known. To 
my knowledge, all other practical or industrial 
adaptations of the cathode ray tube are at most 
experimental; the idea of employing the same 
as an element of a control apparatus in combi 
nation with a photoelectric viewing means and 
a selectively variable mask, either broadly or for 
the particular adaptation in a sorting machine, 
which I have deemed it expedient to illustrate, 
have, so far as I am aware, never occurred to 
anyone prior to myself. 

Referring to the drawings, the reference nu 
meral indicates a supporting standard, table, 
or framework of the machine of my invention, 
the said framework rotatably supporting an 
article carrier wheel or conveyor 2 journaled on 
an upright axis and having a plurality of article 
carrying seats 3 thereon. A supporting bracket 
on framework carries a lamp housing 5 and 

an ejector mechanism generally indicated at 6, 
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consisting of a battery of ejector hammers 7 lo 
cated at one side of and above wheel 2. 
The framework also supports the electrical 

amplifying and control apparatus generally in 
dicated 8. This consists of a scanner amplifying 
section 9, a sentinel impulse amplifying and con 
trol section , and an intermediate enclosed 
section , wherein are mounted various control 
mechanisms to be hereinafter described. For a 
more particular description of the elements con 
stituting these sections, reference will be had to 
the wiring diagram to be hereinafter described. 
Adjacent the front of framework f, I mount 

a housing 2 enclosing a plurality of cathode 
ray tubes 3. Cathode ray tubes of the RCA 908 
type have been found to be satisfactory. This 
type of tube uses an electrostatic field between 
the plates to control deflection of the beam. It 
is obvious that electromagnetic deflection of the 
cathode ray beam is very similar to electrostatic 
deflection and it is of course possible to employ 
electromagnetically controlled tubes, such as the 
RCA 903, in my apparatus. However, voltage 
amplification is quite as easily accomplished as 
current amplification and it is believed to be 
definitely easier to approach absolute propor 
tionality with voltage amplification. 

Each tube is operatively associated with a 
photoelectric cell designated by the reference 
numeral 4 and for convenience hereinafter re 
ferred to as a "sentinel' tube, the said sentinel 
tubes being placed in operative relation directly 
adjacent the cathode ray screen (see Fig. 5). 
On this screen I place a mask 5 the function 
of which has been alluded to and will be more 
particularly pointed out. As illustrated in Fig. 1, 
each photoelectric sentinel tube 4 has a dome 
f6 enclosing the same and shielding it and also 
the cathode ray screen from external light. On 
One side of the machine, I mount a box f st 
adapted to contain transformers, rectifiers, and 
filters, which will be hereinafter more particu 
larly described. 
Rearwardly of the cathode ray tube housing 
2 and control section fe, I mount a delay com 
mutator or detainer and a rotary switch. gen 
erally designated and 8, respectively. Means 
in the form of a motor (not shown) is provided 
for rotating article carrier wheel 2, and rotary 
switch 8 is driven from the wheel through a 
chain 9 so that it is rotated in timed relation 
with the article carrying wheel. In the present 
case, the relation is such that rotary switch 8 
makes one rotation in the time it takes a pair 
of article seats 3 to pass a predetermined point. 
Detainer T is driven from rotary switch 8 by 
means of a chain 20 enclosed in a shield 2. the 
ratio of rotary switch angular speed to detainer 
angular Speed being six to one. In other words, 
detainer makes one rotation in the time it 
takes six article seats to pass a predetermined 
point. The detainer and rotary switch are pro 
vided with brush supporting brackets 22, 23, re 
spectively, adjacent the same. The brushes car 
ried by these brackets and the arrangement 
thereof with reference to the detainer and rotary 
switch, as well as the electrical connections from 
the brushes to the various other parts of the 
machine, will be hereinafter particularly referred 
to. 

Referring to Figs, 2 and 3, the lamp housing 5 
consists of a shell 24 which is substantially in the 
form of an ellipsoid internally, the internal ex 
posed surface thereof being made up of a plu 
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rality of mirrors 25 suitably secured as by cement 
ing to the shell. An illuminating lamp 26 is 
arranged in the housing substantially at one 
focus thereof. The feed wire for the lamp is 
indicated by the reference numeral 2. Passages 
28 are cut in the housing to provide for the 
passage of the article seats 3 of the conveyor 
and articles 29 thereon. The housing is posi 
tioned relative to the conveyor so that the articles 
29 pass substantially through the other focus 
of the ellipsoid. A pair of reference background 
members 30 are secured to the housing at either 
side of the path of travel of the articles there 
through. These furnish a background for the 
article being viewed, and are viewed by th3 
photoelectric scanner means during the nor 
malizing operation to be hereinafter described. 

I mount photoelectric article viewing means, 
generally designated 3, 32, in the lamp housing 
on either side of the path of travel of the articles, 
each consisting of a cylinder 33 inserted and 
fixedly secured in an opening in the housing and 
serving to mount a lens 34, a color filter 34, and 
a photoelectric article viewing tube. There are 
four such photoelectric tubes, designated by the 
reference numerals 35, 36, 37, and 38. For con 
vendence, they will be hereinafter referred to as 
'scanner' tubes. The tubes are enclosed in 
housing 40 as illustrated in Figs. 2 and 3 and are 
arranged in the manner shown diagrammatically 
in Fig. 4. It will be noted that each scanner tube. 
is provided with its separate lens and color filter. 
Likewise, each tube has a separate viewing cylin 
der 33 and the latter is provided with a project 
ing lid 4 adapted to shield its cell from the 
direct rays of lamp 26. 
In the embodiment of my invention illustrated, 

the right side of the lemon is viewed by scanner 
tubes 36 and 38, the left side by scanner tubes 
35 and 37. By using red-sensitive tubes, red 
transmitting filters, and suitable associated am 
plifying apparatus, tubes 35 and 38 make an ex 
tremely rapid measurement of the reflectivity of 
the lemon with reference to red light. Similarly, 
green-sensitive tubes 36 and 37, aided by green 
isolating filters and an independent amplifying 
channel, make measurement of reflectivity with 
reference to green light. These measurements 
appear as voltages at the output of the ampli 
fler, which will be detailed subsequently. 

In Fig. 7 is presented graphically, using rec 
tangular coordinates, red and green reflectivity 
measurements of several familiar kinds of fruit 
Selected on account of color. An examination 
of this chart shows that very dark objects ap 
pear near the top, very bright ones near the 
botton, gray ones somewhere on the line “black' 
to "white." Yellow objects locate near e, orange 
ones near f, dark red ones near g, pale green ones 
near c, deep green ones near a. Every object has 
a location Somewhere on this color field and the 
location is in general characteristic of its ap 
pearance. Objects of the same hue appear on 
radial lines such as mn and mp originating at 
the apex marked "black.' Their distance from 
this apex is a measure of their brightness. Arcs 
such as tu and rs indicate essentially zones of equal brightness. 

It is evident from the diagram that the color 
of the tangerine i differs from that of the green 
apple c in hue while of practically the same 
brightness. The green apple c, on the other 
hand, differs from the lemon b in brightness, but 
registers almost identical hue. The light green 
lemon b may be distinguished from the dark 
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green lemon E by either hue or brightness, but 
the brightness distinction is much-larger. 
The various aforementioned objects whose rel 

ative color reflectivity is...readily and accurately 
-indicated on the Cathode ray Screen as illus 
trated in Fig. 7 have been measured in the lab 
oratory to determine the actual color reflectivity 
thereof by comparison with a standard. The 
following percentages of light reflecting char 
acteristics were established: 

Article Description Green Red 

Percent Percent 
6-- Dark green lemon-- 23 12 
b -- Lightgreen lemon- 38 26 
C-- Green apple-------- 52.5 36 
d-- 'Silver' lemon 65 67.5 
-- Ripe lemon.----- 57 77.5 

f.-- Orange---------- 26 77 
-- -- Dark red apple--------------- 5 26 
--------- Magnesium carbonate block.-- 100 00 
---------- Tangerine.------------------------ 19 60 

These figures, determined by actual laboratory 
measurement, correspond exactly with the in 
dications of hue and brightness as determined 
for the same articles by the Scanner and 
cathode ray tube arrangement of my invention. 
Were a chart similar to that of Fig. 7 Super 
posed on the cathode ray tube screen, it would 
be possible to instantly and exactly ascertain 
the light reflecting characteristic of any article 
as expressed in terms of the percentage reflec 
tivity of any two different colors present in the 
article by employing suitable filters. 

It is well known that the luminous spot on the 
Screen of a Cathode ray tube may be deflected 
in two independent directions by Voltages applied 
to certain deflecting electrodes or plates, and in 
the embodiment of my invention illustrated, the 
voltages representing the two reflectivity meas 
urements are so applied to the deflecting plates 
of cathode ray tubes as to delineate both the 
hue and brightness as shown in Fig. 7. 
By means of the scintillator brush and asso 

ciated mechanism to be explained later, it is 
provided that the cathode beam is extinguished 
most of the time, appearing only momentarily 
when the object is centered in the field of view. 
Thus, each object is represented by a dot of light 
on the screen and it is evident that by covering 
any desired sections of the screen with opaque 
material the scintillations corresponding with 
certain colors and brightnesses would not be vis 
ible to an observer. In the embodiment of my 
invention illustrated, such masks are employed 
to prescribe the types of lemons to be accepted 
or rejected. 
The observer is represented by a "sentinel' 

photo-tube and associated mechanism ever alert 
to detect the scintillation and register its ap 
pearance by a charge on the delay commutator 
or detainer, to be described, which, after an in 
terval sufficient to bring the lemon before one 
of the ejectors, actuates that ejector and re 
moves the lemon. 
The particular color of the filters employed 

and the type of photo-tube are of course sus 
ceptible of change depending upon the nature 
of the articles being judged. Red and green 
filters are preferable in the sorting of citrus 
fruits, such as lemons, oranges, and the like, 
for obvious reasons. 
The construction and operation of the cath 

Ode ray tube are in general known; however, it 
may be well to state briefly the principles of 
operation of the same with reference to the 

0. 
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manaer in Which it is related to the present 
invention. 

in general, a cathode ray tube consists of an 
evacuated or gas filled envelope wherein are 
mounted a cathode adapted to emit a stream of 
electrons when heated and means for heating 
the same, a plurality of control grids or electrodes, 
usually two, an anode cooperable with said elec 
trode in accelerating and focusing the stream of 
electrons emitted from the cathode when the 
Same is heated into a beam, and a plurality of 
vertical and horizontal deflection plates, four in 
number, arranged in pairs above and below and 
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at the sides of the said beam. These deflection 
plates are connected to potential sources, the 
horizontal to once source and the vertical to 
another source. In a balanced or neutral con 
dition of the plates, the electron stream flowing 
therebetween is in the form of a straight line 
beam from the cathode longitudinally and cen 
trally of the tube. The end of the tube is coated 
with a fluorescent preparation which, when 
struck by the negative electron particles of the 
beam, becomes luminous at the point struck. If 
one of the horizontal deflection plates be rendered 
negative in charge relative to the other, the 
negative stream of electrons will be deflected 
away from the lower potential plate and towards 
the higher. The same situation obtains relative 
to the charging of the vertical deflecting plates; 
i. e., the stream will be deflected vertically to 
wards the plate at higher potential and away 
from the plate at lower potential. 
Applying these principles to my adaptation of 

the cathode ray tube, it is apparent that impulses 
originating in scanner tubes 35, 36, 37, and 38, 
by causing the beam trace to be deflected to one 
side or the other of the theoretical line 'black' 
to “white' in the diagram, accurately indicate 
the relative color reflectivity, or the hue of an 
article Scanned, while the distance the trace is 
deflected along one of the isochromatic lines, 
such as mp or man, or from the black apex, gives 
a measurement of the brightness of the reflected 
light, whatever its hue may be. 

It will be apparent to those skilled in the art 
from the description so far that my scanning and 
cathode ray translating apparatus is capable of 
being considerably altered without affecting the 
manner of operation thereof. For example, in 
stead of employing a pair of "red" and a pair of 
"green' filtered scanner tubes with the tubes of 
each pair generating separate impulses, which 
are later blended to furnish separate composite 
"red' and "green' impulses, it is of course pos 
sible that two independent views of the article 
may be made, one on each side thereof, there 
after blending the two views and exposing a pair 
of photo-tubes to the resultant blended view 
through two red and green filters, respectively. 
In other words, the light could be mixed rather 
than the electrical impulses resulting from the 
light. This, of course, would cut down the 
number of photo-tubes and filters from four to 
two and minimize any possible difficulty of photo 
tube matching. 

It may be found to be of advantage in assur 
ing a strong signal from sentinel tube 4 to adopt 
as a screen material for the cathode ray tube 
one of the well known series of materials giving 
a red trace, so that a powerful caesium photo 
tube can be used as the sentinel tube. This would 
enable the sentinel to pick up the cathode ray 
trace without great sensitivity demands upon 
the Sentinel amplifier. 
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As a possible further modification of my in 

vention, coming within the scope of the appended 
claims, it is indeed quite possible that the sen 
tinel tube might be omitted entirely so long as 
some other means were provided to initiate a 
secondary signal in accordance with the position 
of the cathode ray beam. For example, as illus 
trated in Fig. 8, by employing a suitable sensitive 
foil or plate 40 inside or outside the cathode 
ray tube envelope connected to a take-off lead 
4, it is conceivable that the beam falling on 
such an element could suffice to bias a gas filled 
discharge tube directly, without the intervention 
of either a photo-tube or an amplifier. Of course, 
the inability to conveniently alter the shape of 
such an element to alter the type of objects sorted 
would interfere with the commercial practicality 
of such an expedient. However, it is referred to 
as a possible extension of the basic idea of the 
present machine. 
Primary impulses originating in scanner tubes 

35 and/or 38 are amplified by a two-stage ampli 
fier generally indicated by the reference numeral 
42, including a pair of triodes 43, 44 of the type 
generally designated as "56' and technically 
known as unipotential cathode triodes, while 
scanner tubes 36, 37 are connected to a similar 
amplifier. In view of the fact that the wiring 
for the amplifier circuits for tubes 35, 38 on the 
one hand and tubes 36, 37 on the other hand, is 
identical, only one thereof will be described and 
corresponding reference numerals will be used 
for the other. 
The output of amplifier 42 is impressed on a 

cathode ray tube 3. There are a plurality of 
such cathode ray tubes, the number thereof de 
pending upon the number of hammers or ejectors 
which it is desired to actuate, and each cathode 

ray tube is connected so as to be capable of actu 
atting any one of the hammers. For the purpose. 
of simplification, Only one of these identical 
cathode ray tube-to-hammer circuits will be de 
Scribed. The corresponding parts of the other 
circuits will be denoted by similar reference nu 
merals. It should be understood, however, that 
the number of cathode ray tubes which may be 
employed is in no way limited and if it were de 
sired to sort articles into five, ten, or more re 
ceptacles, a mere multiplication of the elements 
and connections which I shall describe would 
accomplish this result. 
Cathode ray tube 3 has mounted adjacent 

thereto a photoelectric tube 4 which is adapted 
to be selectively exposed or not to the beam trace 
on the screen of the cathode ray tube, depend 
ing upon whether the mask 5 thereon permits 
said beam trace to reach, Or prevents it from 
reaching, the photoelectric tube f4 and thereby 
originating what may be termed a secondary in 
pulse or signal. Because of the function which 
it fulfills, the said photo-tube is referred to as a 
sentinel tube. 
Regarding mask 5, it may be formed of any 

material which is opaque and capable of having 
a light admitting Opening or Openings formed 
therein. In developing this invention and in ac 
tual practice in the machine illustrated, I have 
found that Ordinary electrician's adhesive tape 
is admirably well suited to this purpose, inasmuch 
as it is opaque and a plurality of strips thereof 
may be adhered to the outside of the screen in 
any desired position so as to mask off all portions 
of the screen except a predetermined area or 
areas through which the beam trace is to be 
viewed by the photoelectric sentinel tube 3 or 

10 

5 

20 

30 

35 

S 
which is to activate the sentinel tube. In this 
connection, reference is again made to the latti 
tude available in disposing the masks on the 
screen to sort a wide range of Colors, no matter 
what the construction of the mask per se may be. 
As stated above, all of the screen may be rendered 
opaque except a Certain small area whereby to 
pass the beam trace when caused to be deflected 
to that area by a certain small range of colors. 
This area may be enlarged at will to increase the 
range of the said color, or On the other hand a 
smaller or larger area may be rendered opaque 
whereby all articles save those in the range 
protected by that area will be ejected. 
Other manipulations of the mask will suggest 

themselves. For example, the same may be made 
opaque throughout except in a plurality of por 
tions, whereby to eject articles of different color 
causing a deflection of the beam to those various portions. 
A further aspect of my invention resides in the 

fact that with the hammers disconnected a num 
ber of articles may be placed on the article con 
veyor, for example, articles of various colors oth 
er than a given standard acceptable color. If a 
photograph of the entirely exposed cathode ray 
Screen be now taken, so as to record on a negative 
photographic film the positions of the luminous 
trace under the various influences of the differ 
ent Colored articles and controlled by the scinti 
lator mechanism to be described, it is apparent 
that a positive transparency of the negative may 
thereafter be employed as a mask for the cath 
ode ray tube, thus eliminating the necessity of 
making individual masks each time a group of ar 
ticles is to be sorted. On the other hand, if a 
group of standard Colored articles, all acceptable, 
be employed as test objects and the exposed 
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Screen photographed, the resultant negative may 
be used as a standard mask which will thereafter 
govern the cathode ray tube 3 and sentinel 4 
to initiate ejection of all articles other than the 
acceptable standard colors. From this it appears 
that the device of my invention lends itself to use 
in making its own control elements. 
The secondary impulses originating in sentine - 

tube 4 are amplified by the multiple-stage am 
plifier tube 45 and pass from the plate thereof to 
a grid controlled gaseous discharge tube 46. The 
plate of this tube is connected to a selector switch 
4. The grid controlled gaseous discharge tube 
48 furnishes the actual signal which actuates the 
electromagnetic ejector mechanism 5, but be 
tween tube 48 and selector switch 4T I interpose 
the delay commutator or detainer T, which times 
impulses on the grid of tube 48 so that they occur 
only when an article seat 3 is directly before a 
hammer T. Detainer withholds ionization of 
discharge tube 46 until a secondary impulse has 
been impressed on the grid thereof. When this 
happens, the condition of the detainer is altered 
by a condenser discharge, to be described, with 
the result that after a predetermined interval, the 
discharge tube 48 is fired and the ejector actu 
ated. 
I preferably provide means in the form of a 

suitable conducting lug on rotary switch 18, en 
gaged by a scintillator brush, to ignite the cath 
ode ray tube only intermittently and during a 
very short period in the scanning cycle, name 
ly, when the articles being sorted are exactly in 
scanning position before the scanner tube, or, if 
desired, midway between articles. This causes 
the sentinel 4 to view a beam trace in the form 
of a small distinct dot. Such provision, of course, 
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greatly increases the life of the cathode ray tube, 
which would be likely to wear out or crack in a 
relatively short time were it permitted to operate 
continuously. 
The various particulars of the hookup will now 

be described. The reference rauneral indicates 
an alternator or source of alternating-current, the 
terminals of which are connected to the primary 
50 of a transformer 5 having a plurality of sec 
ondary coils. From certain of these coils de 
rive a potential, rectified through the all-wave 
rectifier 52, for the anode circuits of the scanaer 
tubes and the amplifiers described above, the 
said potential being smoothed out by the pulsa 
tion eliminating chokes 53, 54 and condensers 55, 
56 across the terminals thereof. Other of the 
secondaries furnish a voltage which is rectified 
by the half-wave rectifer tube 57. This voltage 
traverses a 30,000-ohm resistor 58 and serves as 
a fixed potential for the cathode ray alaode. 
The cathode ray grid voltage is controllable by 

the 20,000-ohm potentiometer 59. The voltage 
for the first anode of the cathode ray tube is con 
trollable by an adjustable tap on the 36,000-ohm 
potentiometer 60. The voltage dropping resistors 
63, 74 of 33,000 and 100,000 ohms respectively, 
along with potentiometers 59, 60, constitute a 
voltage divider generally designated S. The fill 
ament of the cathode ray tube is connected to 
the transformer filament winding as indicated 
by the reference characters, J. One of the hori 
zontal and one of the vertical deflecting plates, 
as well as the second anode, of the Cathode ray 
tube are connected to ground at 62. The control 
grid and first anode voltages are variable by ad 
justing potentiometers 59 and St. A resistance 
65 of 1 megohm is included in the line from the 
adjustable tap on potentiometer 59 to the Cathode 
ray tube. -- 
A voltage divider, generally indicated by the 

reference numeral 66, Inade up of a 1000-ohm 
resistor 67, a 100-ohm resistor 68, a 100-ohm 
potentiometer 69, a 20-ohm resistore, a 60-ohm 
potentiometer 7, a 2000-ohm resistor 2, and a 
200-ohm resistor 3, is connected between the 
output of rectifier 52 and a further voltage di 
vider, generally indicated by the reference nu 
meral 74, which is employed for energizing the 
scanner tubes and amplifier 42 and for match 
ing and controlling the same. The anodes of 
scanner tubes 35, 36, 3, 3 are adjustably tapped 
to parallel 4000-ohm potentiometers 5, 6 re 
spectively in the last named voltage divider, and 
a suitable high resistance 77, say of 3 megohms, 
is interposed between the cathodes of those tubes 
and the minus side of the scanner amplifier 
voltage divider 4. Aside from potentiometers 
75, 76, the voltage divider 4 consists of the 
40-ohm resistor 8, the 200-ohm potentiometer 
T9, the 20-ohm resistor 8, the 700-ohm resistor 
8, the 100-ohm potentiometer 2, and the 55 
ohm resistors 83. The cathodes of amplifier tubes 
43, 4 are connected to the adjustable tap of 
potentiometers 2 and 79 as illustrated. 
The plate of the triode amplifier 43 is con 

nected to the grid of amplifier 4 through a 
25-microfarad condenser 85; i. e., the two ann 
plifier tubes are capacity-coupled. Anormalizing 
Switch 86 is placed in shunt from a point be 
tween condenser 5 and the grid of tube to 
a point between resistors and 8 in the scan 
ner amplifier voltage divider. 

in practice, this Switch Stakes the form of 
a rotary commutator having a circuit-making 
conducting lug thereon, substantially as disclosed 
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in my Patent No. 2,131,096, dated September 27, 
1938, this commutator being driven in synchro 
nisin with the conveyor 2 so as to monentarily 
close a circuit through switch 8B between scan 
ning periods from the grid of tube 4 to voltage 
divider ... the said commutator may con 
Yeniently be arranged as a part of rotary switch 
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, but the actual detail of construction has not 
been shown, in order to avoid complicating and 
confusing the disclosure. Suffice it to say that 
the said recurrently actuated switch SS serves 
to establish a suitable bias on the grid of tube 

each time the same is closed. This instan 
taneous setting of the tube to a normal condi 
tion between scanning operations I refer to as 
'normaliziag' 
The plate of amplifier tube 43 is connected 

to the plus side of the voltage divider 74 through 
a 5000-ohn resistor S. 

The plate of amplifier tube 44 is connected 
through a 200,000-ohm resistor SB to the plus 
side of resistor 3 of Yoltage divider 66. The 
output of the 'red' scanner amplifier tube 44 is 
connected to the vertical deflection plates of the 
various cathode ray tubes, while the output of 
anplifier tube for the "green scanners is 
applied to the horizontal deflection plates of the 
various cathode ray tubes, 

Potential for the anode of sentine tube 4 
adjacent cathode ray tube 3 is supplied from a 
connection to the voltage divider 66 between re 
sistors 2 and 3 and this source likewise serves 
to supply a plate voltage for the plates of the 
twin triode amplifier tube 45, which is the type 
generally referred to as a '53. The cathode 
of Sentiae tube and the first grid of tube 45 
are connected to ground through a suitable 
high resistor 89 of 15 megohms. Resistors 9, 
9 are 200,000-ohm plate circuit resistors for 
tube 5, and the grid bias for tube 45 is con 
trolled by an adjustable tap on resistor . 

The cathode of the sentine tube 4 is con 
nected to the first grid of the twin triode tube 
is and the plate of the first triode element of 
tube 5 is connected to the grid of the second 
triode element of that tube through the O-mi 
crofarad condenser S2 so as to effect a capacity 
coupling therein, and the said last named grid 
has a 0-2-megohn resistor 93 between the same 
and ground. 
The output of the amplifier tube A5 is in 

pressed on the grid of the small grid controlled 
gaseous discharge tube 46 through a 0.1-micro 
farad condenser 9 and a 10,000-ohm resistor 95. 
A 0-2-megohm resistor SG is inserted between 
the discharge side of condenser 95 and an adjust 
able tap on voltage divider resistor 69 to vary 
the bias on the grid of tube 46. A 0.01-micro 
farad condenser between the grid of tube 4s 
and ground serves to avoid hesitation in the per 
formance of tube 46. The cathode of tube is 
is connected between the 2900-ohm and 30000 
Ohna resistances , 99, respectively, of a voltage 
divider generally designated ED, and also to 
ground through the 0.1-microfarad condenser 
ii. One end of voltage divider is connected 
to ground and the other end is connected 
through conductor 2 to a line which in turnis 

nected to the faltered 150-volt D. C. source 
The plate of gaseous discharge tube 4S is con 

nected to the selector switch 47, the various 
contact lugs of which are connected with brushes 
on delay commutator or detainer T. By this 
switch, I am able to connect the gaseous dis 
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charge tube 48 actuating any one of ejectorham 
mers with any one of the cathode ray tube 
circuits. As illustrated, the switches 4 are ar 
ranged to connect their respective cathode ray 
circuits with the gaseous discharge tube circuits 
immediately adjacent the same. However, the 
arrangement might be an entirely different One 
or, if desired, one or more of the switches might 
be disposed in off position so as not to make 
connection with any of the discharge tube cir 
cuits. 
The contact lugs of switch 47 are each con 

nected through a 6000-ohm resistor 04 to a 
brush 05 riding on the periphery of detainer fl. 
This detainer carries a plurality of spaced sets 
f06 of condenser and brush engaging conducting 
elements or lugs, the condensers and conducting 
lugs being indicated by the reference numerals 
07, 08 respectively. There are in the illustrated 

example six such sets spaced equally circum 
ferentially of the detainer. Each set consists of 
three condensers 07 each having a plate con 
nected to a conducting lug 08 and Spaced axially 
along the detainer. The condensers 0 are of 
0.25 microfarad capacity. The brushes los are 
spaced axially of the detainer to correspond to 
the axial spacing of the lugs and condensers, so 
that each brush engages one of the circumferen 
tially alined and spaced lugs fo8 of the several 
sets. The other plate of each condenser is con 
nected to a continuous conducting ring 109 on 
the detainer. It will be appreciated that the 
expedient of illustrating the elements of sets 06 
in radial Order has been adopted only to simplify 
the disclosure. It is believed that in the light 
of the foregoing description the actual circum 
ferential and axial disposition of condensers O, 
lugs 08, and brushes 05 will be clear. 

I provide further peripherally and axially 
spaced brushes 0, one for each ejector hammer 
, these being connected respectively to one end 
of the three coils of the iron core step-down 
transformers 2 in the discharge tube circuits. 
The other ends of the respective coils are 
connected to a still further brush 3 which 
rides on the continuous conducting ring 09. 
Brush 3 is connected to the aforesaid D. C. 
source fo3 through a 30-henry choke 23 and 
Serves to maintain a charge on the innermost 
plate of condensers fol. 
The three brushes to are spaced axially to 

engage the respective axially spaced lugs fo 
and furthermore they are spaced peripherally 
from one another and from brushes 05 dis 
tances in proportion to the spacing of the three 
ejector hammers , from the viewing station or 

7 
are in engagement with brushes at the mo 
ment an article on the wheel is being viewed 
by scanners , , 37, 8. 
The foregoing construction of detainer and 

brushes constitutes a delay timing mechanism 
somewhat similar in function to the instrumen 

... tality described in my above mentioned Patent 
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field in lamp housing 5. For example, with the 
hammer nearest the viewing field spaced a dis 
tance from the lamp housing equal to approxi 
mately the distance between three and one-half 
article seats on the conveyor wheel, the first 
brush ft 0 will be circumferentially spaced from 
brushes fo5 a definite proportionate distance in 
the direction of movement of detainer f7. Since 
the second or middle hammer is spaced from 
the first hammer a distance equal to the dis 
tance between article seats, the second brush flo 

60 

will be spaced from the first brush to a distance 
in the direction of detainer rotation which is in 
the same proportion, Or, as it actually happens, 
a distance equal to the distance between sets 06. 
A similar consideration holds for the spacing 
of the third brush O from the Second brush 

O. The detainer is so synchronized with 
the article carrying wheel 2 that the sets 06 
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No. 2,131,096, and therein referred to as an iso 
chronous ejector mechanism. The present tim 
ing or delay mechanism is shown and claimed 
in my copending application Serial No. 244,821, 
fled December 9, 1938. An impulse originating 
in sentinel tube 4 and considerably amplified 
through amplifier tube 45 will be impressed on 
the grid of gaseous discharge tube 46 at the 
instant an article is scanned, assuming that the 
cathode ray trace has been permitted by mask 5 
to impinge the sentinel tube. At this same in 
stant, brushes OS engage lugs 18. Immediately 
prior to this engagement, the plates of condensers 

are in an equally charged condition, by reason 
of the voltage impressed thereon through brushes 

0 and df from source f3, and when the en 
gagement of lug 18 and brush S takes place 
the outermost condenser plate discharges on the 
plate of one of the tubes 46, depending on the 
Setting of switch 4, causing. that tube to fire. 
In the event that no impulse or signal has been 
received on the grid of tube 46, of course, ioniza 
tion will not take place. The bias of tube 46 may 
be properly set by an adjustable tap on poten 
tiometer to a suitable value. The events at 
tending the scanning of the article and the 
ionization or non-ionization of tube 46 may be 
regarded as occurring in what may be termed 
an instantaneous scanning and signalling period. 
The detainer now rotates until the conduct 

ing lugs to8 reach and engage brushes O. Since 
the outermost pate of one of the condensers 107 
has been assumed to have discharged, it follows 
that that condenser is in an unbalanced condi 
tion S0 that when its lug 08 engages the corre 
sponding brush fo the plates of the condenser 
will be short-circuited. This short circuit in 
cludes the coil of transformer f2 and the 
result is that a distinct signal is sent through 
the Secondary coil 4 of the transformer onto 
the grid of gaseous discharge tube 48. The in 
terval during the rotation of detainer to bring 
the lugs 08 into contact with one or another of 
brushes to corresponds to the time required for 
conveyor wheel 2 to transport an article from 
the housing 5 to a position before one or another 
of the ejector hammers . It may be designated 
the detaining or timing and ejecting period. 

It need hardly be stated that if the tube 46 
has not been fired, then condensers 07 remain 
in balanced condition and -the tube 48 is not lighted. 

I illustrate six sets 06 of condensers and con 
ducting lugs. Detainer is driven in synchro 
nism with article carrying wheel 2 so far as the 
linear Speed of the article bearing seats and sets 
06 is concerned. Therefore, in the embodiment 

shown, detainer it will make one revolution in 
the length of time that it takes six article seats 
to pass a given fixed point, or stated otherwise, 
the length of time between the departure of one 
Set of conducting lugs to from angular aline 
ment with brushes 05 and the arrival of a suc 
ceeding set is exactly equal to the length of time 
consumed by one article seat in passing from a 
point in front of one hammer 7 to a point in 
front of the succeeding hammer. 
A 15,000-ohm resonance damping resistor 5 
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is disposed between the terminals of coll ff. 
The grid of tube 48 is given suitable bias by con 
necting the same through a 50,000-ohm resistor 

6 and coil 4 to a point on voltage divider 66 
between resistors 67 and 68. 
A 0.02-microfarad condenser f is connected 

between resistor 6 and the grid of tube 48 and 
to ground, with the cathode of tube 48 connected 
between the condenser and ground. 
The plate of discharge tube 48 is connected 

to the coil f f 8 of an electromagnet, the core 9 
of which functions to actuate hammer T. The 
said coil is connected through a 5-ohm resistor 
20 to a brush 2 bearing on rotary switch f3, 
through which plate current for tube 48 is trans 
mitted during the ejecting period. 
A scintillator brush 22. and a further brush 

23 also bear on the rotary switch and are con 
nected through a 0.05-microfarad condenser 24 
and a 500-ohm resistor 25... Brush 23 is in 
engagement with a continuous conducting ring 
26 on the rotary switch, while scintillator brush 
22 periodically engages a relatively Small Con 
ducting segment 27 thereon. 
The said segment 27 and conducting ring 26 

are in conducting relation to or integral with 
the large or Semi-circular conducting Segment 
28, which latter segment is engaged by brush 
2 during one-half of each rotation of rotary 

switch 8. The rotary switch is, as pointed out 
above, driven in predetermined relation to the 
speed of detainer f, in this case, six times as 
fast, so that the rotary Switch makes one revo 
lution between the departure of an article seat 
from a given point and the arrival of the suc 
ceeding article seat at that point. In other 
words, rotary switch 8 performs one cycle of its 
operations for each article. 
When the small segment 27 is in engagement 

with scintillator brush 22, the cathode ray tube 
3 is energized by a surge passing through 0.01 
microfarad condenser 32. This takes place at 
the exact instant that an article is being scanned 
by scanner tubes 35, 36, 37, 38; during the re 
mainder of the cycle of rotation of switch 8 the 
cathode ray tube is extinguished. Thus, the life 
of the tube is greatly increased. 
The tapped resistor 30 permits a suitable 

fraction of the voltage picked up by brush 22 
to reach and fire the cathode ray tube. 
In practice, I have found it desirable in setting 

the machine to be able to light the cathode ray 
tube during an instant when the space between 
article seats is at the scanners, as well as when 
the Seats themselves are in position for scanning. 
To this end I furnish a second scintillator brush 
bearing on rotary switch 8 diametrically oppo 
site brush 22, and designated by the reference 
numeral 22". The connections from this brush 
to the cathode ray tube are similar to or common 
with those from brush 22 to the tube so that 
like reference numerals primed will be employed 
to identify the Secondary Connections. The two 
pole manually controlled switch 29 is provided 
to enable brush 22 or 22' to be employed to 
cause the cathode ray tube to be energized at or 
between article seats, as will be understood. 
Assuming brush 22 to engage segment 27, 

then a circuit is completed from voltage source 
03 through brush 23, ring 26, segment 27, 

brush 22, resistor 25, switch 29, a suitable 
resistor 30, and conductor 3 to the parallel 
condensers 32. Each cathode ray tube 3 has 
a control grid connected to One side of one of 
these condensers. This control grid must have 
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a plus voltage impressed thereon for the tube 
to light and if the Same goes negative the tube 
will extinguish. Therefore, the scintillator signal 
charges the said grid for an instant, causing 
tube 3 to produce an instantaneous electron 
beam trace, which inpinges on sentinel tube 4 
Or is intercepted by mask 5, as the case may be. 
When the segment 27 passes brush 22, the tube 
3 goes out, the grid charge referred to leaking 

off through resistor 65 and the adjustable tap 
on potentiometer 59, which is set appropriately 
for this purpose. 
The normal plate voltage for discharge tube 

48 during the ejecting period is derived from 
voltage Source fo3 through brush 23, large con 
ducting segment 28, brush 2 (during the half 
revolution of the rotary switch 8 when the last 
named brush and Segment are in conducting 
engagement), and through the resistor 20 and 
electromagnet coil 8. The grid of tube 48 is 
connected by conductor 33 to a point on voltage 
divider 66 between the resistors 67 and 68 thereof. 
The values of the grid bias and the plate voltage 
for tube 48 are such that the tube is barely held 
from ignition during the engagement of brush 
2 and large segment 28, and in order to trip 

electromagnet core 9, it is necessary that a 
further signal be impressed on the coil of trans 

a former 2. This signal comes from transformer 
secondary 4, as explained, and when it occurs, 
tube 48 ionizes and hammer 7 trips. 
The 4-microfarad condenser 34 and 16,000 

ohm resistor 35 arranged in series between elec 
tromagnet coil 8 and voltage source 03 serve 
to prevent sparking. 
The 16-microfarad condenser 36, in conjunc 

tion with choke 23, constitutes a filter to quiet 
that part of the direct current used by the 
detainer. 
From the foregoing, it is apparent that the 

present machine Will sort articles through a very 
large range of color variations as manifested in 
relative Color reflectivity. It is to be emphasized 
that the Sorting of this large range of colors is 
not on the basis of merely the presence or absence 
of an impulse in the photoelectric tube Scanners 
as has been the case in hitherto known photo 
electric sorting machines, but on the contrary, 
the Sorting of Such a range of Color compositions 
depends on the relative strength of the impulses 
generated in the red and green filtered scanner 
tubes, which impulses accurately reflect the per 
centage color Composition and relative bright 
neSS of colors in the article and result in displace 
ment of the cathode ray trace in exact accord 
ance with Such composition and brightness. 

For each of the combinations of signals origi 
nated in the four scanner tubes there is a cor 
responding point on the cathode ray screen to 
which the cathode ray beam trace is deflected; 
actuation of the ejector hammers 7 may be ini 
tiated by whichever of such signals is desired by 
appropriately masking the screen. 
A feature of considerable practical value and 

importance in the machine of my invention re 
sides in the ease with which any difficulties caus 
ing the same to operate improperly may be traced. 
Thus, for example, if it is found that an ejector 
hammer is being actuated to displace an article 
from the conveyor wheel when such displacement 
should not take place, or if it is found, on the 
other hand, that a hammer fails to act when it 
should, it is only necessary to remove the shield 
for the Sentinel tube f4 and observe the screen 
of cathode ray tube 3 and the occurrence of the 
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beam trace thereon relative to the mask Opening 
or openings. If the beam is visible when it should 
be visible, i.e., when an article should be ejected, 
then of course it follows that the trouble lies 
somewhere behind, or on the ejector side of, the 
cathode ray tube, which considerably narrows the 
field to be checked. If, on the other hand, the 
beam trace is not visible through the mask when 
it should be visible, then it follows that failure 
of the hammer to act is caused by some difficulty 
in front of, or on the scanner side of, the cathode 
ray tube, which may accordingly be checked 
without disturbing the apparatus behind the Said 
tube. In this manner, the cathode ray tubes, 
because of their characteristic of permitting 
visual analysis of the voltages impressed thereon, 
are of great importance in my application thereof. 
The herein disclosed device for delaying the 

actuation of the ejector, namely, detainer 1, op 
erates as described above to insure that, Once the 
impulses emanating from the sentinel tubes 4 
have been ascertained and recognized by the 
ionization of tube 46, the ejector will be actuated 
at a definite time interval thereafter. By this 
arrangement, perfect timing of the hammers is 
provided for, which is of considerable importance 
in view of the fact that the various article judg 
ing, impulse amplifying, and impulse transmit 
ting elements of the machine are instantaneous 
in action and accordingly capable of being oper 
ated at exceedingly high speeds. With such po 
tential high speeds of operation, it becomes of 
primary importance to assure that the mechan 
ical elements of the machine are precisely and 
practically instantaneously actuated. The de 
tainer and elements associated therewith in 
Sure such action. 
The foregoing description of my invention re 

lates to an embodiment thereof in a machine for 
Sorting articles on the basis of the relative color 
reflectivity thereof, but it will be apparent to 
those skilled in the art that the invention has 
broader aspects, that the structure described, 
with minor alterations, can be adapted for the 
Sorting of practically any articles on the basis 
of several different factors other than relative 
color reflectivity, such as Weight, hardness, 
strength, etc., whether such factors are made 
independent of or dependent on one another. 
Moreover, the machine may be readily adapted 
for the sorting of elongated objects, such as, for 
example, asparagus stalks, by the simple expedi 
ent of providing a conventional time Sweep volt 
age impressed on one of the deflecting plates. 
By Such provision, the cathode ray beam could 
be SWept horizontally by a sawtooth voltage and 
vertically with a single impulse proportional to 
the brightness of the object. Using an appro 
priate mask providing individual brightness tol 
erances to each section of the length of the ob 
ject, it is apparent that any inverted stalks or 
stalks of incorrect length could be rejected. 

Utilizing the principle of my invention, it is, 
moreover, theoretically possible to extend the 
System to cover a three-color process employing 
a double-beam cathode ray tube. This possi 
bility is limited by the fact. that the sum of the 
three-color measurements must be a constant, 
which is never the case with reflectivities. In 
the overwhelming number of cases in the com 
mercial Sorting field, analysis on the basis of 
two-color reflectivities is ample. Should a case 
occur requiring three-color analysis, it could be 
very simply handled by the structure shown and 
described by passing the objects first through a 
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machine Operating on the basis of red and green 
light, for example, then through another operat 
ing on the basis of, say, green and blue light for a 
further Sub-division. 
The normalizing provisions of this machine 

are also of considerable importance since they 
assure an independent judging of each article by 
resetting the scanner amplifier to original con 
dition after each scanning period. - 

Further advantages of the instant device will 
be obvious. As previously stated, I regard the 
provision of a cathode ray tube in combination 
with a Sentinel photo-tube and a mask or other 
governing means between said tubes, to be used 
as an actuating and control mechanism, as 

This arrangement con 
Stitutes a device which is of wide utility. In 
my Copending application, Serial No. 222,788, 
filed August 3, 1938, I disclose and claim Such 
means in various important general applications 
or adaptations. 
I have illustrated and described my invention 

in embodiments which I have found highly sat 
isfactory. I have not attempted to illustrate or 
describe Other embodiments or adaptations as it 
is believed that this disclosure will enable those 
skilled in the art to embody or adapt my inven 
tion as may be desired. 

Having thus described my invention, what I 
claim as new and desire to secure by Letters 
Patent is: 

1. In a machine for assorting articles accord 
ing to color, article scanning means adapted to 
originate an electrical impulse, article ejecting 
means, and means for actuating said ejecting 
means in accordance with variations in light re 
flectivity of the articles as viewed by Said Scan 
ning means, comprising a cathode ray tube hav 
ing one of the deflection plates thereof connected 
to said scanning means and adapted to be actu 
ated thereby to deflect the cathode ray beam, 
in one direction, further impulse originating 
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means connected to another deflection plate of 
the tube for deflecting said beam transversely 
of said first named direction, light-sensitive 
means adjacent the cathode ray tube adapted 
to view the trace of said beam in certain of the 
resultant positions of the same on the cathode 
ray screen produced by said impulse originating 
means, and means for controlling the positions 
of the beam trace in which the same is viewed 
by said light-sensitive means. 

2. In a machine for aSSorting articles accord 
ing to color, a cathode ray tube having beam 
deflection plates, means for originating a pair of 
independently variable signals including photo 
electric article Scanning means adapted to view 
articles, means for operating on said articles, 
and means for actuating said Operating means 
in accordance with the variations in relative in 
tensity of light reflected from the articles, said 
cathode ray tube having one of the deflection 
plates thereof connected to said Scanning means 
and adapted to be energized thereby to deflect 
the cathode ray beam in one direction, another 
of the deflection plates being connected to said 
first named means whereby to deflect the bean 
transversely of Said first named direction, and 
light-Sensitive means adjacent the cathode ray 
tube adapted to view the beam trace in certain 
positions of the same. 

3. Control and actuating means for an article 
Sorting machine of the type described compris 
ing a cathode ray tube, electrical means includ 
ing means operable in accordance with one or 
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more characteristics of an article to be sorted, 
Said first named means being connected to Said 
tube for controlling the positioning of the beam 
thereof in a plurality of directions transversely 
of the Screen of the tube, photoelectric viewing 
means disposed adjacent the screen of said tube, 
means between said Viewing means and said 
tube for selectively exposing said screen whereby 
to mask the beam trace of the cathode ray tube 
from the viewing means in various positions of 
the beam, Said VieWing means viewing the trace 
in other positions thereof, and generating elec 
trical impulses accordingly, and an ejector 
mechanism controllable in response to Said in 
pulses. 

4. In a machine of the type described, the 
combination of a beam emitting tube having a 
Viewing screen, means connected to said tube for 
Originating a primary impulse in accordance 
with a predetermined characteristic of articles 
to be operated on, and operative to deflect the 
beam of the tube in one direction, further in 
pulse originating means connected to the tube 
to deflect the beam in a direction tranSVerSe Said 
first named direction, said impulse originating 
means coacting to control the positioning of the 
beam laterally and longitudinally of the Screen 
of the tube, light-sensitive viewing means dis 
posed adjacent the Screen of said tube, means 
for selectively exposing said viewing means to 
said screen whereby to mask the beam spot of 
the cathode ray tube on the screen from the 
viewing means in various positions of the beam 
spot, said viewing means viewing the beam spot 
in other positions thereof, means for operating 
on the articles, and means controlled by said 
Viewing means for actuating said operating 
ES 
5. In a machine for Sorting articles according 

to color, the combination of article illuminating 
means, plural impulse originating means includ 
ing means for scanning the articles while Subject 
to said illuminating means, article ejecting 
means, means for actuating said article. ejecting 
means in accordance with variations in the . 
articles as viewed by said scanning means Con 
prising a cathode ray tube having beam deflect 
ing means operatively connected to said plural 
impulse Originating means to deflect the beam of 
the tube in two directions transverse to one an 
other, and light-sensitive means operatively as 
sociated with said cathode ray tube and adapted 
to View the beam trace of said tube in certain 
positions Only on the cathode ray screen. 

6. In a machine for sorting articles according 
to Color, the combination of plural article scan 
ning means, article ejecting means, means for 
actuating Said article ejecting means in accord 
ance With variations in relative color reflectivity 
of the articles as viewed by said scanning means 
comprising a cathode ray tube having beam de 
flecting means operatively associated with said 
plural scanning means to deflect the beam of the 
tube in two directions transverse to one another 
On the Screen of the tube, and light-sensitive 
means operatively associated with said cathode 
ray tube and adapted to view the beam trace in 
Certain positions only on the cathode ray 
Scee. 

7. In a machine for sorting articles according 
to color, the combination of plural article scan 
ning means, article ejecting means, means for 
actuating said article ejecting means in accord 
ance with variations in relative color reflectiv 
ity of the articles as viewed by said scanning 
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means comprising means for emitting a beam 
producing a luminous trace, Said emitting means 
having beam controlling means operatively con 
nected to Said plural impulse originating means 
to defect the beam in two directions transverse 
to One another, and light-sensitive means 
adapted to generate electrical impulses in re 
Sponse to Said beam under certain predetermined 
conditions thereof controlled by said controlling 
e3S. 
8. In an article sorting machine, the combina 

tion of a cathode ray tube, article judging means 
adapted to originate a primary impulse in ac 
cordance with a characteristic of the articles and 
Operatively associated with the beam deflecting 
means of Said Cathode ray tube whereby the 
beam trace is caused to traverse the cathode ray 
Screen in One direction in accordance with the 
variations in the primary impulse, further im 
pulse originating means connected to said beam 
deflecting means and operative to deflect the 
beam in a direction transverse the first named 
direction, the resultant positioning of the beam 
being determined by the coacting effects of said 
primary and further impulse originating means, 
light-sensitive activating means operatively as 
Sociated with the Screen of said cathode ray tube, 
and means for Selectively exposing said light 
sensitive activating means to the trace of the 
cathode ray tube beam in various positions of th 
bean. 

9. In a machine for sorting articles on the 
basis of relative color reflectivity, the combina 
tion of a cathode ray tube, primary impulse in 
itiating and transmitting means operatively as 
Sociated with the beam deflecting means of said 
cathode ray tube, said first named means actu 
ating the deflecting means to cause the beam 
trace to be deflected in one dimension in accord 
ance With the intensity of one reflected color and 
in another dimension in accordance with the in 
tensity of another reflected color, and light-sen 
sitive means operatively associated with said 
Cathode ray tube and activated by the beam 
trace. 

10. In a classifying machine, the combination 
of a cathode ray tube, plural impulse originating 
means including article judging means adapted 
to originate a primary impulse, said plural im 
pulse originating means being connected to said 
cathode ray tube whereby to control the posi 
tioning of the beam thereof in two directions 
transverse to one another in accordance with the 
Variations in the impulses originated by said first 
named means, light-sensitive activating means 
Operatively associated with the screen of said 
cathode ray tube and exposed for energization by 
the trace of Said beam in accordance with var 
iations in the positioning thereof effected by said 
impulses, article classifying means, and means 
controlled by said light sensitive activating means 
for actuating Said classifying means. 

11. In a machine of the type described, means 
for Scanning articles and initiating impulses pro 
portional in intensity to the intensity of light 
reflected from the articles, further impulse in 
itiating means, a cathode ray tube, means con 
necting said tube to said impulse initiating means 
to control the lateral positioning of the electron 
beam of the tube in two directions transverse to 
one another. in accordance with said impulses, 
light-sensitive means distinct from said first 
named for viewing the trace of said beam, said 
last named means initiating impulses in accord 
ance with the controlled condition of the beam, 
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and means for limiting the effective range of 
said light-sensitive means with reference to the 
screen of the tube. 

12. In a sorting or like machine, separate im 
pulse originating means including light-sensitive 
means for scanning articles, Said first named 
means simultaneously initiating separate sets of 
electrical impulses at least one of which is im 
pulses proportional in intensity to the intensity 
of light reflected from the articles, a cathode ray 
tube having the deflecting plates thereof con 
nected respectively to Said first named separate 
means whereby the electron beam of the cathode 
ray tube assumes Various positions laterally and 
longitudinally of the screen of the tube in ac 
Cordance With the intensity of Said impulses, 
light-sensitive means for viewing the trace of 
Said beam in certain of said positions and acti 
wated thereby in those positions, article shifting 
means, and means controlled by said light sensi 
tive viewing means for actuating said shifting 
eaS. 
13. In a machine for sorting articles according 

to color, the combination of plural article scan 
ning means, article ejecting means, means for 
actuating Said article ejecting means in accord 
ance with variations in relative color reflectivity 
of the articles as viewed by said Scanning means 
comprising a cathode ray tube having plural 
beam deflecting means connected to Said respec 
tive scanning means whereby the point of im 
pingement of the beam on the cathode ray screen 
shifts in two directions transverse to one another 
With variations in relative color reflectivity of 
the articles scanned by said scanning means, 
and light-sensitive means operatively associ 
ated with said Cathode ray tube and activated 
by the beam trace thereof in certain positions 
only on the cathode ray screen. 

14. The combination of a pair of article Scan 
ning means, a cathode ray tube having a screen 
and plural beam deflecting means disposed at 
an angle to One another and operatively associat 
ed with and controlled by said respective Scan 
ning means whereby the beam of the tube is de 
flected in two directions transverse to one an 
other On the Screen, so that the point of in 
pingement of the beam. On the cathode ray Screen 
is Selectively positioned on any portion thereof 
in accordance With Wariations in the scanned 
articles, light-Sensitive means operatively asso 
ciated with Said cathode ray tube and activated 
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cles from said translating means including a plu 
rality of ejecting members operatively associated 
with said translating means, a cathode ray tube 
for each ejecting means, said cathode ray tubes 
having the beam deflecting means thereof Oper 
atively associated with said Scanning means, ad 
justable masking means for the cathode ray 
Screens of said tubes leaving only a portion 
thereof exposed for the transmission of light, a 
light-sensitive means operatively associated with 
each cathode ray tube screen, and means for 
transmitting signals from said light-sensitive 
means and for imposing corresponding actuating 
impulses on said ejecting means in timed rela 
tion to said translating means. 

17. In a machine for sorting articles accord 
ing to color, an article Scanning means, means 
for translating articles Successively to said Scan 
ning means, means for selectively ejecting arti 
cles from said translating means including a 
plurality of ejecting means operatively associated 
With said translating means, a Cathode ray tube 
for each ejecting means, said cathode ray tubes 
having the beam deflecting means thereof oper 
atively associated. With said scanning means, a 
light-sensitive means operatively associated with 
each cathode ray tube screen, and means oper 
atively connecting said light-sensitive means 
With the ejecting means to initiate the actuation 
thereof. 

18. In a Sorting machine of the type described, 
means for scanning articles, a cathode ray tube, 
means connecting said scanning means to the 
plates of said cathode ray tube Whereby to de 
flect the beam thereof in accordance With the 
relative color reflectivity of an article, means for 
controlling said cathode ray tube to cause a beam 
to be emitted thereby only When an article to be 
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by the beam in certain positions only, and means 
acting on the articles scanned operatively asso 
ciated with said light-sensitive means. 

15. The combination of a pair of electrical 
impulse originating means including article 
scanning means, a cathode ray tube having a 
pair of beam deflecting means disposed at an 
angle to one another and connected to said re 
spective impulse originating means whereby the 
beam of the tube is deflected longitudinally and 
laterally relative to the Screen of the tube and 
the point of impingement of the beam on the 
cathode ray Screen is selectively positioned on 
any portion thereof in accordance with varia 
tions in the impulses, means operatively asso 
ciated with said cathode ray tube and activated 
by the beam in certain positions only, and means 
acting on the articles Scanned operatively asso 
ciated With said last named means. 

16. In a machine for sorting articles accord 
ing to color, an article Scanning means, means 
for translating articles successively to said scan 
ning means, means for selectively ejecting arti 

assorted is adjacent the scanning means, ejector 
means, and means for actuating said ejector 
means including a light-sensitive element adja 
cent the Cathode ray tube and means for limit 
ing the effective range of the light-sensitive ele 
ment with reference to the bean trace on the 
screen of the cathode ray tube. 

19. In a sorting or like machine, means for 
Scanning articles, a cathode ray tube, means 
connecting said scanning means to said Cathode 
ray tube. Whereby to control the beam thereof 
in one direction in accordance with the light 
reflectivity of an article, means connected to the 
tube for controlling the beam in a direction 
transverse to the first named direction, means 
for actuating Said cathode ray tube to cause a 
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beam to be periodically emitted thereby, article 
shifting means, and means actuated in response 
to the positioning of said beam by said control 
ling means for actuating said shifting means. 

20. In a machine for sorting articles accord 
ing to color, the combination of plural impulse 
Originating means including article scanning 
means, article ejecting means, means for initiat 
ing the actuation of said article ejecting means, 
said initiating means being activated by said 
Scanning means and comprising means for pro 
"jecting and deflecting an electronic beam con 
nected to said plural impulse originating means 
to deflect the beam in different directions trans 
verse to one another, the deflecting of the beam 
being controlled at least in part by the scanning 
means as influenced by the articles scanned, and 
means activated by Said beam when it is pro 
jected in a predetermined area of limited extent 
as compared to the area throughout which it is 
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projected as a result of the scanning of articles 
of varying hue and/or brightness. 

21. In a sorting machine of the type described, 
intermittently operative article judging means, 
an electron emitting tube adapted to emit a beam 
of electrons and having means for controlling the 
position of the beam, means connecting said Con 
trolling means to said article judging means for 
deflecting the beam substantially simultaneously 
with the operation of said judging means, and 
means for initiating the emission of the beam 
only at that instant. 

22. In a machine for sorting articles, photo 
sensitive means for scanning the articles adapted 
to originate electrical impulses proportionate to a 
plurality of characteristics of the articles being 
sorted, sorting means, and means for controlling 
the actuation of said sorting means from Said 
scanning means, comprising a device having a 
viewing screen and means for producing a visible 
signal on said screen, means electrically connect 
ing said scanning means to said device for alter 
ing the position of said visible signal in accordance 
with said characteristics, and means adjacent 
said screen sensitive to said signal in certain posi 
tions of the same on the screen for initiating an 
impulse for activating said sorting means. 

23. In a machine of the type described, photo 
sensitive means for scanning articles to be oper 
ated on adapted to Originate separate electrical 
impulses proportionate to a plurality of char 
acteristics of the articles being sorted, means for 
operating on the articles, and means for con 
trolling and actuating said operating means Com 
prising a device having means for producing a 
visible signal, means electrically connecting Said 
scanning means to said device for altering Said 
visible signal in accordance With Said Separate 
impulses, and means sensitive to said signal for 
transmitting an activating impulse to said oper 
atting means. 

24. In a machine of the type described, means 
for originating a pair of independently variable 
electrical signals, a cathode ray tube, means for 
amplifying and transmitting certain of said 
signals to one deflection plate of the cathode ray 
tube, means for amplifying and transmitting the 
other of said signals to another deflection plate 
of the cathode ray tube, means for restoring the 
amplifying means to a normal condition between 
transmission of signals, photoelectric means for 
viewing the cathode ray beam trace as deflected 
on the cathode ray screen under the influence of 
said signals, and means periodically placing Said 
cathode ray tube in beam emitting condition. 

25. In a machine of the type described, means 
for originating a pair of independently variable 
electrical signals, a cathode ray tube, means for 
amplifying and transmitting certain of Said 
signals to one deflection plate of the cathode ray 
tube, means for amplifying and transmitting the 
other of said signals to another deflection plate 
of the cathode ray tube, photoelectric means for 
viewing the cathode ray beam trace as deflected 
on the cathode ray screen under the influence of 
said signals, and means periodically placing Said 
cathode ray tube in beam emitting condition. 

26. In a sorting machine of the type described, 
means for conveying a series of articles in spaced 
relation, photoelectric Scanning means for view 
ing said articles, comprising a pair of photo 
electric tubes each provided with a color filter 
different in color from the filter for the other 
whereby each filter isolates a certain part of the 
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light reflected from the articles, means for ampli 
fying the separate impulses originating in said 
tubes, a cathode ray tube, means for connecting 
the output of said amplifying means to the de 
flecting plates of the cathode ray tube, means for 
periodically energizing said cathode ray tube to 
produce an electronic stream therein, variations 
in the charges on said deflecting plates causing 
the beam to be deflected on the cathode ray tube 
Screen, photoelectric Sentinel means adapted to 
view the beam trace on Said screen, a control 
mask associated with said screen to expose said 
sentinel means to the beam trace in certain posi 
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tions of the latter, an electrically actuated ejector, 
and means for amplifying and transmitting im 
pulses originating in said sentinel means in re 
Sponse to Said trace to said ejector including a 
device for timing said impulses so as to be ef 
fective on the ejector at predetermined intervals, 

27. In a sorting machine of the type described, 
means for conveying a series of articles in spaced 
relation, photoelectric scanning means for view 
ing Sajid articles, comprising a pair of photoelec 
tric tubes each provided With a color filter differ 
ent in color from the filter for the other whereby 
each filter isolates a certain part of the light re 
flected from the articles, a cathode ray tube, 
means for connecting the output of Said Scanning 
means to the deflecting plates of the cathode ray 
tube, means for energizing said cathode ray tube 
to produce an electronic stream therein, vari 
ations in the charges on said deflecting plates 
causing the beam to be deflected on the cathode 
ray tube Screen, photoelectric Sentinel means 
adapted to view the beam trace on said Screen, 
an electrically actuated ejector, and means for 
amplifying and transmitting impulses originating 
in said sentinel means in response to said trace 
to said ejector including a device for timing said 
impulses so as to be effective on the ejector at 
predetermined intervals. 

28. In a machine of the type described, photo 
electric scanning means for viewing a plurality of 
Spaced moving articles, Comprising a pair of 
photoelectric tubes each of which is provided 
With a color filter different in color from the filter 
for the other, whereby to isolate predetermined 
components of the light reflected from the arti 
cles, separate means for amplifying impulses 
originating in Said tubes and proportional to cer 
tain Color reflectivity of the articles, a cathode 
ray tube, means for connecting the output of one 
of said amplifying means to one deflecting plate 
of the cathode ray tube, means for connecting 
the output of the other amplifying means to an 
other deflecting plate of the cathode ray tube, 
and means for energizing said Cathode ray tube 
to produce an electronic beam therein, said beam 
being deflected in one dimension in accordance 
With the intensity of one color and in another 
dimension in accordance With that of another 
Color. 

29. A Sorting machine comprising an electron 
beam emitting tube having a screen toward which 
the beam is directed, light-sensitive means for 
scanning objects to be sorted connected to the 
tube to control the beam thereof in accordance 
with the relative color reflectivity of an object 
with reference to a plurality of colors, the beam 
of Said tube impinging the screen thereof in vari 
ous positions depending on said relative color 
reflectivity, and means for masking the beam 
trace On the Screen in certain of said positions. 
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