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This invention relates to a method and ap 
paratus for automatically discriminating between 
articles on the basis of the uniformity or non 
uniformity of their transparency to X-rays and 
selective segregation based on such discrimina 
tion. 
The invention finds particular application in 

food processing and handling and may be ap 
plied in any application where it is desired to dis 
criminate between articles having on the One 
hand, uniform X-ray transparency or X-ray 
transparency having a number of local variations, 
or X-ray transparency which does not vary 
sharply between one position and another, and 
articles on the other hand, which show large 
numbers of non-uniformities or sharp variations 
in X-ray transparency. Thus the apparatus may 
be used to make selection between objects of the 
same kind which for one reason or another may 
vary in uniformity of X-ray transparency from 
object to object. In the alternative, selection 
may be made between commingled objects of 
different kinds which are characterized by dif 
ferences in their X-ray transparency pattern. 
A particularly fertile field for apparatus of this 

character is in the citrus packing industry. Ac 
cordingly, the invention is described and illus 
trated with reference to its use in this industry 
to sort citrus fruit prior to packing, Selection of 
a single industry for purposes of description is 
made for purposes of convenience only, the in 
vention being equally applicable to all situations 
wherein the above conditions with respect to 
X-ray transparency are encountered. 

It is Well known that citrus fruits in general 
are susceptible to damage from exposure to sub 
freezing temperatures. The damage consists of 
changes in the structure of the internal tissue of 
the fruit imparting thereto a dry, pithy or granu 
lar structure as compared with the juicy, almost 
uniforn density structure of an undamaged fruit. 
Additionally, citrus fruit is Subject to So-called 
"granulation' apart from change due to frostbite 
which results in a tissue deterioration and struc 
ture quite similar to that produced by frostbite. 
At the present time there does not appear to be 
any conclusive explanation of the cause of such 
granulation. In any case, it is known to occur 
and it becomes necessary to separate granulated 
fruit as well as frostbitten fruit from good fruit 
before the latter is marketed. Hereafter the 
term "granulated' will be used to describe frost 
bitten as well as granulated fruit, since it is de 
scriptive of the tissue structure resulting from 
either cause, 
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This separation of granulated fruit from good 

fruit is complicated by the fact that the change 
in internal tissue structure is not accompanied by 
any detectable change in outer appearance. It 
has been found in the case of frostbite, that if 
sufficiently severe, there will be such a change in 
the density of the fruit that it becomes separable 
from good fruit by flotation. However, frostbite 
less Severe than that, necessary to permit a sepa 
ration by flotation will still damage the fruit to 
the extent that it is not marketable except for 
preparation of by-products. 
Because oranges are of primary economic im 

portance, the following description relates to 
their separation. However, the same considera 
tions and procedures are equally applicable to all 
of the citrus fruits as well as other products. 

It is known that granulated oranges may be 
distinguished from those not so damaged by ex 
amination with transmitted X-rays. Ordinarily, 
oranges have an X-ray transparency image 
characterized by a central absorbent portion 
Corresponding to the meat of the orange sur 
rounded by a less absorbent region corresponding 
to the more or less pithy rind. The center ab 
sorbent portion in a good orange shows little evi 
dence on X-ray examination, of internal struc 
true due to only slight variation in transparency 
throughout the central portion, while the same 
portion in a frostbitten orange shows an irregu 
lar, mottled or granular appearance due to sharp 
variations in X-ray transparency throughout the 
central portion. 
The use of X-rays for grading oranges on the 

basis of their internal structure has become a 
common practice in the citrus packing industry. 
However, X-ray application as currently en 
ployed requires a final rejection of damaged 
oranges to be made by a human operator on the 
basis of the overall appearance of the orange 
when viewed by transmitted X-ray. As a result 
an error factor is introduced based on Operator 
fatigue, misjudgment and occasional oversights. 
Furthermore, the presence of a human operator 
necessitates elaborate electrical and X-ray shield 
ing for reasons. Of Safety. Consequently, it is 
desirable that means be provided for adapting 
X-ray examination to completely automatic op 
eration since more accuracy, and reduced costs 
Will be the result. Such an automatic apparatus 
is more economical than existing apparatus for 
reasons mentioned above and for the further rea 
SOn that an automatic device can be made to 
work continuously and with greater rapidity than 
apparatus depending upon a human operator, 
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For example, in one packing plant in the 
Southern California, area, it has been found neces 
sary to keep the present non-automatic X-ray 
equipment in operation 24 hours a day in Order 
to keep the packing plant on an eight hour pro 
duction schedule. 
I have now invented a method and apparatus 

for distinguishing continuously and automatically 
between sound oranges on the one hand and 
oranges which have been frostbitten or have 
granulated on the other and which may be ap 
plied without material changes to any commer 
cial grading problem in which the articles to be 
graded are distinguishable one from the other 
by differences in the uniformity of their trans 
parency to X-rays. 
In One embodiment, the apparatus of the in 

vention comprises a Source of X-rays, a fuores 
cent body, means for successivly disposing 
oranges, or other articles between the source and 
the fluorescent body, a photo-electric cell adapted 
to develop a potential responsive to the light in 
tensity on a small area of the fluorescent body, 
means for moving each orange past this area, 
electrical means for charging a condenser in pro 
portion to the variations in potential develop 
ment by the photocell, and means for applying 
the potential thus impressed on the condenser 
to reject those oranges of non-uniform trans 
parency. 
Other embodirnents of the invention include 

additional refinements, but all of these likewise 
operate on the basic principle that a condenser 
is charged responsive to variation in X-ray 
transparency throughout each Orange. In this 
fashion the Oranges of Substantially uniforn 
transparency do not develop an appreciable 
charge on the condenser whereas the Orarages of 
non-uniform transparency produce a consider 
ably larger charge on the condenser. It is this 
larger charge Which is used, in accordance With 
the invention, to operate an electrically actuated 
rejection mechanism. 
A feature of the invention is the application 

of a photocell to replace the visual Scanning 
of the fluorescent Screen. Visual examination 
requires that the X-ray equipment be operated 
at high intensity necessitating expensive equip 
ment with a high depreciation factor. However, 
by employing the more Sensitive photo-electric 
cell, lower intensity and thus lower cost X-ray 
apparatus may be employed. 
Another feature of the invention is that its 

application is based on non-unifornity of X-ray 
transparency within a single object instead of 
between two objects. For example, given two 
Oranges of different and yet uniform X-ray 
transparency, neither would be rejected. How 
ever, Sharp variations of transparency within a 
Single orange will produce a coin pairatively large 
Charge On the aforementioned condenser which 
upon discharge will actuate the rejection device 
to discard the Orange. 
The invention Will be clear from the follow 

ing detailed description taken in relation to the 
accompanying drawings i? which: 

Fig. 1. ShoWS One en bodiment of the inven 
tion in diagram form; 

Fig. A shows an alternative arrangeinent of 
the fiuoresceni, Screen and photocell; 

Fig. 3 ShoWS an alternative form of electrical 
circuit wherein the effect of variations in light 
intensity on the photocell is just opposite to 
that in the apparatus of Fig. 1; and 

Fig. 2 is a graphical portrayal of the condi 
tions which prevail in the various parts of the 
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apparatus of Fig. 1 and Fig. 1B when a sound 
orange and when a frostbitten orange are Sub 
jected to the X-ray examination. 

Referring to Fig. 1, the apparatus there shown 
includes a Source of X-rays, the Source being 
illustrated as a conventional X-ray tube, a fluo 
rescent screen 2 Spaced from the source and 
on the opposite side of a conveyor 4. The con 
veyor forms no part of the present invention 
other than its necessary relationship thereto 
in carrying oranges 6 between the X-ray source 
i8 and the fluorescent Screen 2. A lens is 
Spaced from the fluorescent Screen 2 a distance 
greater than the focal length of the lens and 
on the opposite side of the screen 2 from the 
X-ray source : ). An opaque screen 8 is spaced 
on the opposite side of the lens at Such a 
distance as to make the fluorescent Screen 2 
and the opaque screen 8 essentially at con 
jugate foci of the lens , the Screen 8 having 
an aperture 2, therein. A photocell 22 is dis 
posed behind the aperture 2 to receive the 
transmitted light from the fluorescent Screen 2 
as picked up and focused by the lens E. 
Anode 22A of photocell 22 is connected through 

a battery or other D. C. source 24 to an amplifier 
26. Cathode 22B of the photocell is connected 
through a condenser 2 to the amplifier 26. A 
resistor 28 is connected across the anode and 
cathode and a second amplifier 30 is connected 
across the resistance 28. A condenser 32 is con 
nected across the output of amplifier 26 through 
a rectifier 33. A third amplifier 34 is connected 
across the condenser 32 through a relay 36, coil 
38 of Which is connected across the output of 
amplifier 38. A rejection device 4) is connected 
to the output of amplifier 34. 
The amplifier 34 is an optional feature and in 

many cases may be replaced by an electrical 
relay of appropriate sensitivity or by an elec 
tron tube of the thyratron type. Alternatively, 
and if the charge of condenser 32 is Suficiently 
large, the rejection device 4 may be connected 
directly across the condenser 32 without inter 
mediate amplification or triggering means. 
The operation of the apparatus of Fig. 1 can 

best be described in relation to Fig. 2 which is 
a graphical portrayal of the conditions existing 
in various parts of the apparatus of Fig. 1 during 
the operation thereof. There is shown in Fig. 
2 a good orange é4 and a frostbitten orange 45 
with the position of the scanning aperture 20 
With respect to the oranges shown by dotted lines 
acroSS the face of the orange. Directly below 
Oranges A4, 45 there is shown in graphs a, and 
a' respectively, the fluorescent luminosity on the 
photoelectric cell 22, when the oranges 64, 45 
are SCanned along the line of aperture 2). These 
graphs illustrate the initial high luminosity when 
the space between one orange and the next is 
Scanned, the lower luminosity when the X-ray 
bearin is partially absorbed in the skin of the 
Orange, and the still lower luminosity when the 
X-ray beam is still more completely absorbed 
in the watery meat of the orange. From the 
graphs a, d' it will be observed that the highest 
absorption both in the sound orange 44 and the 
frosted orange 45 is in the central meaty por 
tion of the Orange and that in the case of the 
Sound Orange the absorption is practically con 
Stant throughout this portion whereas in the 
frosted or granulated orange the absorption 
fiuctuates sharply. 

Referring to Fig. 1, the luminosity on the 
photo-electric cell is translated to an electric 
potential on resistor 28 in such a fashion that 
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an increase in luminosity on the photocell re 
Sults in an increase in voltage on the resistor. 
The potential developed across resistor 28 for a 
good Orange and for a frostbitten orange are 
shown in graphs b and b respectively, of Fig. 
2 in relation to the degree of luminosity repre 
Sented by graphs a, and ot'. A dotted line 48 
intersecting the graphs b, b is representative 
of the voltage required to close the relay 36 in 
the manner hereinafter described. Thus, the 
potential on resistor 28 reaches a value suffi 
ciently high to actuate relay 36 only when there 
is no, or Substantially no X-ray absorption be 
tween the Source and the fluorescent screen; i. e. 
in between succeeding objects. 
The voltage across resistor 28 is fed through 

condenser 2 to the amplifier 26. The effect of 
the condenser 2 is to pass to the amplifier 26 
only the alternating component of the voltage 
across resistor 28, i.e. only that voltage devel 
oped responsive to changes in X-ray transpar 
ency. Graphs c and c' Show the signal voltage 
delivered to the point a in Fig. 1, i. e. the input 
of the amplifier 5. It Will be noted that the 
graph c representing the input voltage developed 
by paSSage of the Sound Orange 4 between the 
X-ray tube and the fuorescent screen is a 
straight line across the central portion of the 
Orange, this being due to the fact that there is 
Substantially no alternating component devel 
oped in Scanning the sound orange. On the other 
hand, the voltage signal delivered to the amplifier 
26 during the period a frostitten Orange is be 
ing Scanned (see graph c') varies sharply across 
the central portion of the Orange Correlative to 
the variations in transparency illustrated in 
graph d'. 
As the orange passes across the field of view 

of the optical system, the amplifier 26 delivers 
a pulse or charge to condenser 32 through the 
rectifier 33 every time there is an appreciable 
change in the X-ray transparency. A great va 
riety of electrical Systems well known in the art 
may be employed to cause amplifier 26 to deliver 
a charge or pulse to the condenser only when a 
Sudden change of Voltage across resistance 28 
takes place, only when a more gradual change 
takes place, or both. One means of accomplish 
ing this is shown in Fig. 1. 
In scanning the Sound orange 44 (Fig. 2), the 

Systern will show only a comparatively Small 
nimber of gradual changes in luminosity and 
consequently the charge delivered to condenser 
32 will be substantially negligible and its poten 
tial correspondingly Small. The build tip of a 
charge on condenser 32 during the Scanning of 
the Sound orange 4 is shown by graph d of Fig. 
2 where it, will be noted that substantially ne 
charge is built up during the Scaning of the 
central meaty portion of the Orange. If a frost 
bitten orange is scanned there is a tatterially 
greater number of changes in transparency as 
represented by graph d’ (Fig. 2) with a corre 
spondingly greater charge delivered to condenser 
32 and a higher potential on the condenser at the 
end of the Scanning operation. The build up of 
a charge on condenser 32 during the Scanning 
of the frostbitten orange 5 is illustrated in the 
graph d' of Fig. 2. 

If it is desired that the system be responsive 
both to magnitude and to number of variations 
in X-ray transparency, anglifier 26 should be of 
non-Saturating type. If it is desired that the 
system sense only on number of variations with 
out regard to their relative magnitudes, amplifier 
26 may have high inherent gain but Saturate at 
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6 
a relatively low output level. If it is desired that 
the system be responsive only to variations larger 
than a given magnitude, this may be accom 
plished by inserting a fixed D. C. bias in rectifier 
33 or in a variety of other ways obvious to those 
skilled in the art. All these embodiments, which 
may be desirable to meet the needs of specific 
problems, will be obvious to those skilled in the 
electronic art from the essential bases of the in 
Wention here disclosed. 
AS SOOn as the scanning of a single object is 

complete the light level on the photocell returns 
to the high value corresponding to the absence of 
an X-ray absorber in the path of the X-ray 
beams. This high value is represented on the 
eXtremities of graphs d, d', of Fig. 2. This high 
light level causes the potential across resistor 
28 to rise to its maximum value (in the circuit 
arrangement of Fig. 1) whereupon amplifier 30 
delivers a, current to the coil 38 of relay 36 to 
close the relay. When the relay 3 is thus closed 
the charge accumulated on condenser 3S is in 
preSSed on the rejection device A through the 
internaediate amplifier 34. As Stated above, this 
amplifier may be eliminated if desired. If the 
Oranges are frostbitten, condenser 32 has a large 
enough charge to Operate rejection device A, 
Whereas if the Orange is Sound there is not a 
sufficient charge built up on condenser 32 to op 
erate the rejection device. This is shown in 
graphs d and d' Of Fig. 2 wherein the rejection 
level is shown by the dotted line 5 traversing the 
graphs. It is seen that the charge built upon the 
condenser 32 for the frosted Orange 45 exceeds the 
rejection level 5 of the rejection device A. Where 
as the build up for the Orange 45 falls short of 
that necessary to operate the rejection device. 

In either case, i. e. whether or not the rejec 
tion device is operated, the charge on condenser 
32 is discharged and the appearance of the next 
object to be examined produces Such a drop in 
potential across the resistor 28 that relay 36 is 
de-energized whereby the System is ready to re 
peat the cycle. 

Modifications of the apparatus of Fig. 1 are 
shown in Figs. 1A and 1B. Fig. 1A shows appara 
tus substantially similar to that of Fig. 1 includ 
ing the X-ray tube 0, fluorescent Screen 2, 
opaque screen 8 and photocell 22. The appara 
tus of Fig. 1A differs from that of Fig. 1 in the 
elimination of lens and placement of the 
opaque Screen 8 directly behind the fluorescent 
screen 2. This represents simplified apparatus 
which occupies less physical space than that of 
Fig. 1 and which is leSS expensive than that of 
Fig. 1. 
The same object may be accomplished in the 

same manner by eliminating both the fluorescent 
and the opaque Screens and using a single spot of 
fluorescent material to accomplish the same ef 
fect. In any case, the essential object of the 
Screen System is that at any instant the photo 
electric cell Shall be Sensitive to the X-ray ab 
Sorption of only a restricted part of the whole 
object to be examined and that during trans 
port of the object across the Scanning field, the 
photo-electric cell shall sense on a consecution 
of such restricted parts. The several parts of the 
objects Scanned may form all or less than all 
of the Whole object depending upon the nature of 
the specific problem. 
In the application of the apparatus to the dis 

crimination between sound and granulated or 
frostbitten Oranges, it is desirable that the rescity 
ing power of the System be high since the char. 
acteristics to be examined are of fine structure, 
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Accordingly, in the apparatus of either Figs. 1 
or 2 the total of separate parts Scanned forms 
a narrow strip as the orange moves past the aper 
ture 2 in the opaque screen. 

However, if desired, the apparatus may include 
means for scanning the entire object part by part, 
This may be done by replacing the Opagule Screen 
With a scanning disc which is rotated as the 
object crosses the field of view. Such a scanning 
disc may be generally circular With an aperture 
therein and may be rotated at such a ratie with 
relation to the rate of linear travel of the object 
to be examined that a plurality of strips acroSS 
the object are Scanned. Essentially, this a mounts 
to having the aperture 2 in the opaque screen 
8 move in a direction more or leSS trainSVerSP 

to the direction of the object So that instead of 
Scanning a single horizontal Strip as shown in 
Fig. 2, a succession of vertical strips is scanned, 
the number being dependent upon the rate of 
rotation of the Scanning disc as related to the 
other factors involved. 
The scanning of the entire object part by part : 

may also be accomplished by electronic ineans 
so as to eliminate the mechanical scanning disc 
described above. Thus, a pickup or camera tube 
such as an image orthicon may be incorporated 
in the apparatus to replace the optical system. 
and photoelectric cell and in such fashion that 
it scans the fluorescent Screen. The output of 
the camera, tube is connected in the circuit in the 
same manner as the photo-electric cell 22 to 
develop a potential on the resistor 28 responsive 
to change in X-ray transparency of the object. 

Fig. 1:3 shows a circuit, modification of th9 
apparatus of Fig. 1. Wherein the effect of changes 
in light level on the photocell 22 has the opposite 
effect on the voltage signal delivered to a' and b', 
i. e. to amplifiers 23 aind 3 (not shown in Fig. 
1B). In the circuit aritaingernent cf Fig. 8 a. 
resistor 52 is connected across the output of the 
photocell and Corresponds generaliy to the re 
sistor 28 in Fig. 1. The battery or D. C. Source 
24 is likewise connected across the output of 
the photocell through an additional resistor 55 
So that ain increase in light intensity on the 
photocell 22 will result in a decrease in potential 
developed across resistor 52, thus, having an op 
posite effect than that occurring in Fig. 1. 
Graphs e, e' of Fig.2 show the potential changes 

on resistor 52 corresponding to the uninosity 
changes shown in graphs G, and a ', and it will 
be noted that the graphs e and e' aire Substantially 
the reverse of the graphs to and to which show the 
potential changes on resistor 28 (of the appa 
ratus of Fig. 1). Similarly, graphs f and f' show 
the voltage Signal developad at a' in the appa 
ratus of Fig. 2. Comparison of the graphs f and 
f' With the graphs c and c', the latter portraying 
the Voltage Signal delivered to a of Fig. shows 
that substantially the reverse sittiation exists. 
There is no difference in the results obtained by 
the apparatus of either Fig. 1 or 13, the 
choice batWeen the one of the other of the two 
embodiments depending solely on the phasing 
and poiarity which is most conveniently 
in the anplifiers 26 and 33. 
Amplifier 33 ::may be of conventional type but 

is most conveniently a trigger tube operating the 
relay 36 when the potential across 'esistor 
rises above a certain predeterrained level. 
such embodiment, the amplifier 38 gay be inors 
accurately desgribed as a voltage-actuated trig 
gering circuit. Aniplifier 26 is also conveniently 
a trigger circuit Which operates to deliver a pulse 
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to the condenser 32 each time a signal is im 
pressed thereon from the condenser 27. How 
ever, it is obvious that a more elaborate amplifier 
may be employed to acconiaplish the same purpose 
Without changing the actual functioning of the 
apparatus and Within the Scope of the invention. 
The rejection device A3 may consist simply of 

an electrically operated Solenoid or paddle 
gillounted adjacent the conveyor on the down 
Strealin side of the fluorescent screen. The loca 
tion of the rejection device is necessarily Syn 
chronized with the rate of travel of the conveyor 
So that when it is actuated by discharge of a 
sufficient charge from the condenser 32 it will 
Operate to push or pull the defective Orange out 
of the path taken by the Oranges not so rejected. 
The rejection device may operate directly or with 
the aid of gravity. It is to be understood that 
the rejection device as Such does not form any 
part of the present invention other than in its 
Irelationship to the means shown for automati 
cally operating the sanne. Thus, any of the con 
ventional rejection devices now operated by man 
ual actuation may be adapted to electrical actua 
tion and employed in the operation of the in 
Vention. 

It is apparent that Since the invention is predi 
cated on changes in X-ray transparency within 
a single object, there need be no unifornity be 
tween Succeeding objects providing they are all 
characterizad by a Substantially uniform or non 
iniform X-ray transparency. Thus the methods 
a (ld apparatus described herein are Suitable for 
rejecting frostbitten citrus fruit from good citrus 
fruit even where there is a mixture of oranges, 

- ieia OinS Or grapefruit, since all of these are chair 
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acterized normally by a more or less uniform 
trailSparency to X-rays. The difficulty of mak 
ing Such Segregation from a quantity of mixed 
citrus fruit by visual inspection of the X-ray 
pattern is apparent. 
Other modifications of the methods and ap 

paratuS Cf the invention may occur to those 
skilled in the 3rt Without departing from the 
Scopa thereof as set forth in the foregoing de 
Scription and in the following claims. 

claim: 
1. A method for automatically selecting be 

tween a plurality of objects based on the X-ray 
transparency characteristics of each object which 
comprises detecting relative variations in X-ray 
transparency from part to part of each object and 
Segregating the objectS on the basis of uniformity 
and non-uniformity of X-ray transparency be 
tWeen different parts of each object. 

2. A method for automatically separating 
granulated and frostbitten citrus fruit from citrus 
fruit not so damaged based on the X-ray trans 
parency characteristics froin part to part of each 
fruit, which comprises Scanning a plurality of 
Separate portions of each fruit with X-rays and 
rejecting those fruit, which have a non-uniform 
X-ray transparency from portion to portion. 

3. A method for automatically selecting be 
tWeen two or more objects on the basis of X-ray 
transparency characteristics of each object which 
comprises Subjecting each object to X-rays, de 
veloping a potential proportional to the X-ray 
transparency characteristics from part to part of 
each object, and elihploying changes in the poten 
tial developed responsive to said plurality of parts 
to operate means for separating an object, pos 
Sessing Such non-uniformity from the other ob 
jectS. - 

4. Apparatus for automatically selecting be 
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tween a plurality of objects based on the X-ray 
transparency characteristics thereof which con 
prises a source of X-rays, means for successively 
Subjecting each of Said objects to the X-rayS, 
means for translating changes in transparency 
from part to part of each object into an electrical 
value, and means for selecting between the ob 
jects on the basis of this electrical value. 

5. Apparatus for automatically selecting be 
tween a plurality of objects based on the X-ray 
transparency characteristics thereof which con 
prises a source of X-rays, means for successively 
Subjecting each of said objects to the X-rayS, 
means for translating changes in transparency 
from part to part of each object into a D. C. po 
tential, a condenser, means for applying said po 
tential to the condenser so as to build up a charge 
on the condenser proportional to the variation in 
X-ray transparency between different parts of the 
same object, and means for selecting between the 
objects on the basis of the charges built up on 
said condenser responsive to the X-ray examina 
tion of each object. 

6. Apparatus according to claim 5 wherein the 
means for selecting between the objects comprises 
an electrically actuated rejection mechanism con 
nected across the condenser and actuated by dis 
charge of the condenser when the charge thereon 
is above a predetermined value. 

7. Apparatus for automatically selecting be 
tween a plurality of objects based on the X-ray 
transparency characteristics of each object which 
comprises a source of X-rays, means for succes 
sively scanning each of said objects with the 
X-rays, means for translating, changes in trans 
parency from part to part of each object, into a 
D. C. potential, a condenser, means for applying 
said potential to the condenser so as to build up 
a charge on the condenser proportional to the 
variation in X-ray transparency between differ 
ent parts of the same object, means for selecting 
between the objects on the basis of the charges 
built up on said condenser responsive to the X-ray 
examination of each object, and means for auto 
matically discharging the condenser after each 
object is Scanned. 

8. Apparatus for automatically selecting be 
tween a plurality of objects based on the X-ray 
transparency characteristics of each object which 
comprises a source of X-rays, means for succes 
Sively scanning each of said objects with tha 
X-rays, a fluorescent screen disposed so that said 
objects pass between the X-ray source and the 
Screen, means for translating changes in light, in 
tensity in the screen due to variations in X-ray 
transparency from part to part of the object into 
a D. C. potential, a condenser, means for applying 
Said potential to the condenser so as to build up a 
charge on the condenser proportional to the vari 
ation in X-ray transparency between different 
parts of the same object, and means for Selecting 
between the objects on the basis of the chairges 
built up on said condenser responsive to the X-ray 
examination of each object. 

9. Apparatus for automatically Selecting be 
tween a plurality of objects based on the X-ray 
transparency characteristics of each object, which 
comprises a source of :-rays, a fluorescent screen, 
means for Successively carrying the objects be 
tween the X-ray source and the screen, a photo 
cell adapted to receive light from the fluoresce;at 
screen, means for restricting the area of the fillio 
rescent screen on which the photocell senses at 
any instant to less than the area of the object 
being scanned, electrical means connected to the 
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10 
photocell for developing a D. C. potential re 
sponsive to changes in the light intensity detected 
by said photocell and resulting from variations in 
X-ray transparency from part to part of the ob 
ject, a condenser connected to said electrical 
means so that a charge will build up on the con 
denser proportional to the Wariation in X-ray 
transparency between different parts of the same 
object, and ineas operable responsive to dis 
charge of Said condenser for Selecting between 
the objects on the basis of the charges built up 
on said condenser responsive to the X-ray exami 
nation of each object. . 

10. Apparatus according to claim 9 wherein the 
naeans for rastricting the area of the fluorescent 
screen on which the photoceli senses comprises an 
opaque screen and an aperture in the opaque 
Screen in a line between the fiOreScent Screen 
and the photocell, the fiberture being. Smaller in 
area, than the object being scanned. 

11. Apparat is for selecting between a plurality 
of objects on the basis of the X-ray transparency 
characteristics thereof which comprises a source 
of X-radiation, a fluorescent screen, means for 
separately interposing a pluraliity of parts of each 
of said objects between the source of X-radiation 
and the fluorescent source, a photocell sensitive 
to the intensity cf the light, developed on the 
screen, a first amplifier connected to the photo 
cell to receive a signal responsive to changes in 
the intensity of light failing on the photocell, a 
rectifier, a condenser connected through said rec 
tifier across the output of the first annplifier, a 
second amplifier connected to the photocell, a re 
lay connected to the condenser and having a coil 
connected across the Ouitput of the Second all 
plifier, the second amplifier operating to close the 
relay and discharge the condenser when there 
is substantially no absorption of X-rays between 
the source and the screen, and means for select 
ing between the objects on the basis of the size of 
the charge discharged fron said condenser. 

12. Apparatus for selecting between a plurality 
of objects on the basis of the X-ray transparency 
characteristics thereof which comprises a, Source 
of X-radiation, a fluorescent Screen, means for 
separately interposing a plurality of parts of each 
of said objects between the Source of X-radiation 
and the fluorescent screen, a photocell sensitive to 
the intensity of the light developed on the screen, 
means for restricting the area of the Screen ex 
posed to the photocell, a first amplifier connected 
to the photocell to receive a signal responsive to 
changes in the intensity of light falling on the 
photocell, a rectifier, a condenser connected 
through said rectifier to said first amplifier, a 
second amplifier connected to the photocell, a re 
lay connected to the condenser and having a coil 
connected across the output of the second ampli 
fier, the second amplifier operating to close the 
relay and discharge the condenser when there is 
substantially no absorption of X-rays between the 
source and the screen, and means for selecting 
between the objects on the basis of the size of the 
charge discharged from said condenser. 

13. Apparatus for selecting between a plurality 
of objects on the basis of the X-ray transparency 
characteristics thereof which comprises a Source 
of X-radiation, a fluorescent screen, means for 
separately interposing a plurality of parts of each 
of said objects between the source of X-radiation 
and the fluorescent source, a photocell SeinSitive 
to the intensity of the light developed on the 
screen, a resistance connected to the anode and 
cathode of the photocell through a source of D. C. 
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potential, a first amplifier connected to the re 
sistance through a first condenser to receive the 
A. C. component of the potential developed acroSS 
the resistance responsive to the intensity of light 
falling on the photocell, a rectifier across the out 
put of the first amplifier, a second annplifier coin 
nected across the resistance, a relay having Con 
tacts connected to the second condenser and an 
operating coil connected across the output of the 
second amplifier, the second amplifier operating 
to close the relay and discharge the condenser 
when there is Substantially no absorption of 
X-rays between the source and the Screen, and 
means for selecting between the objects on the 
basis of the size of the charge discharged fron 
said condenser. 

14. Apparatus for selecting between a plurality 
of objects on the basis of the X-ray transparency 
characteristics thereof which comprises a Source 
of X-radiation, means for separately interposing 
a plurality of parts of each of said objects in the 
path of said X-radiation, conversion means for 
converting the X-radiation passing through said 
object into an electrical potential proportional to 
the intensity of the unabsorbed X-radiation, a 
first amplifier connected to said last named 
means to receive only the A. C. component of said 
potential, a rectifier, a condenser connected 
through said rectifier across the output of the first 
amplifier, a second amplifier connected to said 
conversion means, a relay connected across the 
condenser and having an actuating eoil connect 
ed across the output of the Second amplifier, the 
Second amplifier operating to close the relay and 
discharge the condenser when there is Substan 
tially no absorption of X-rays between the source 
and Said conversion means, and means for select 
ing between the objects on the basis of the size of 
the charge discharged from said condenser. 

15. Apparatus for Selecting between a plurality 
of objects on the basis of the X-ray transparency 
characteristics thereof which comprises a source 
of X-radiation, a fluorescent screen, means for 
Separately interposing a plurality of parts of each 
of Said objects between the source of X-radiation 
and the fluorescent source, a photocell sensitive 
to the intensity of the light developed on the 
Screen, an opaque screen interposed between the 
fluorescent screen and the photocell and having 
an aperture therein of Smaller area, than that of 
Said object, a first amplifier connected to the 
photocell to receive a signal responsive to changes 
in the intensity of light falling on the photocell, 
a rectifier, a condenser connected through said 
rectifier across the output of the first amplifier, a 
Second amplifier connected to the photocell, a re 
lay connected to the condenser and having a coil 
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connected across the output of the second ampli 
fier, the second amplifier operating to close the 
relay and discharge the condenser When there is 
Substantially no absorption of X-rays between 
the source and the screen, and means for selecting 
between the objects on the basis of the size of the 
charge discharged from Said condenser. 

16. In sorting objects, the improvement which 
comprises passing X-rays through a plurality of 
Separate portions of each object, sensing varia 
tions in X-ray transparency between said por 
tions, and separating those objects in which the 
total of Said variations exceeds a predetermined 
magnitude from those objects in which the total 
of Said variations falls short of said predeter 
mined magnitude. 

17. In sorting objects, the improvement which 
comprises passing X-rays through a plurality of 
Separate portions of each object, developing a 
potential responsive to variations in X-ray trans 
mission between Said portions, charging a con 
denser with said potential and differentiating be 
tween the objects on the basis of relative con 
denser charges. 

18. Apparatus for selecting between a plurality 
of objects based on the radiation transparency 
characteristics of the individual objects, compris 
ing a Source of radiation to which the objects are 
at least partially transparent, means for succes 
Sively Subjecting the objects to radiation emanat 
ing from said source, means for translating radi 
ation transmitted through a plurality of parts of 
each object into an electrical signal, means for 
differentiating said signal, an amplifier for ann 
plifying the differentiated signal, and means for 
integrating the output signals of the amplifier 
Separately for each object, the arrangement be 
ing such that the several objects are characterized 
by the magnitude of the integrated amplifier out 
put Signals separately derived from each object. 

CHARLES F. FROBINSON. 
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