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SEPARATIN G ORE 
Ted C. Mathews, P.O. Box 2061, 

Fairbanks, Alaska 99701 
Continuation-impart of application Ser. No. 416,293, 
Dec. 7, 1964. This application Oct. 27, 1967, Ser. 
No. 678,647 

Int. Cl. B07c 5/34 ‘ 
US. Cl. 209-74 14 Claims 

ABSTRACT OF THE DISCLOSURE 

There is disclosed herein an apparatus and method 
wherein desired ore is separated from a quantity of ore 
by sensing radiation from the ore and controlling ?uid 
streams for eifecting the separation. One or more of a 
plurality of tubes emitting streams of ?uid such as water 
may be pivoted by an actuator assembly to direct water 
streams at ore particles to cause these particles to be 
separated from the remaining quantity of rundesired ore. 

This invention is a continuation-in-part of my US. 
patent application Ser. No. 416,293, entitled “Separation 
of Ore Particles Preferentially Coated With Liquid Fluo— 
rescent Materia,” ?led Dec. 7, 1964, now US. Patent 
No. 3,356,211. 

This invention pertains to the separation of desired 
ore from a quantity of ore. A common condition in many 
mining operations requires the mining of large quantities 
of worthless rock, and the like, to enable the recovery of 
the valuable mineral portion. All of this material usually 
is crushed, ground and treated before extracting the de 
sired mineral. 
To reduce the mill load it is desirable to reject at the 

mine the worthless material. In the instance where a 
strong visual contrast exists between the mineral and the 
worthless material, the mineral is often picked by hand 
to upgrade the feed for the subsequent cnushing and 
grinding operations. Heretofore, it also has been pro 
posed to automatically separate the mineral from the 
worthless portion by means which detect the difference in 
the natural color or radioactivity of the mineral and the 
worthless portion. However, these techniques have limited 
utility since at many mines visual or radioactive contrast 
does not exist and, hence, these ores may not be treated 
economically in this manner. Additionally, it has been 
proposed to employ compressed air to provide an air blast 
which is controlled by a valve or the like to change the 
trajectory of ore for separation purposes. Although com 
pressed air can be used to separate small ore, large com 
pressors and air pipes are required to move large rocks 
and such equipment is relatively cumbersome. 

In accordance with my above-noted copending appli 
cation Ser. No. 416,293, the disclosure of which is in 
corporated herein by reference, desired mineral is sepa 
rated from the worthless quantity by radiating the ore to 
cause a portion of the ore to emit at a characteristic 
wavelength, and the emitted rays are sensed and used to 
operate means for separating the ore into desired and un 
desired portions. In an embodiment disclosed in said appli 
cation, the separation may be achieved by ?rst treating a 
quantity of the ore with a liquid which preferentially coats 
the particles of one of the portions of the ore and which 
also is capable of emitting at a characteristic wavelength 
upon exposure to ultraviolet light, X-rays, or other suit 
able types of electromagnetic radiation. The treated ore is 
then passed to a separation zone where an electromagnetic 
wave means sensitive to the characteristic wavelength de 
tects which particles are coated and which particles are 
not. The sensing means then functions to actuate a de?ect 
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ing means which physically removes the coated particles 
from the body of ore particles. Thus, a desired or un 
desired type of mineral may be removed in this manner 
from the mass of ore. 

In accordance with the concepts of the present inven 
tion, there is provided an apparatus and method for sepa 
rating desired ore from a quantity of ore by sensing radia 
tion emission. Radiation emitted from ore particles is 
sensed and employed to operate an actuator assembly in 
cluding a plurality of electromechanical actuators. These 
actuators are coupled with means supplying a substan 
tially continuous ?uid stream to cause the same to be di~ 
rected at certain ore and thus separate the same from the 
mass of ore. The ?uid stream is e?ective for a time period 
which is a function of ore size. 

Accordingly, it is an object of the present, invention to 
provide novel apparatus for effecting ore separation. 

It is an additional object of this invention to provide 
apparatus wherein a substantially continuous ?uid stream 
may be controlled for effecting ore separation. 

It is another object of this invention to provide a novel 
actuator assembly. 
A further object of this invention is to provide a novel 

method of effecting ore separation. 
Another object of this invention is to provide a method 

of ore separation wherein the same is accomplished 
through control of a substantially continuous fluid stream. 

These and other objects and advantages of the present 
invention will become more apparent upon a consideration 
of the following description taken in conjunction with the 
drawings in which: 
FIGURE 1 is a perspective view of apparatus for 

effecting ore separation according to the present inven 
tion; 
FIGURE 2 is a partial cut-away perspective view of a 

portion of an actuator assembly and tubes controlled 
thereby for supplying liquid streams; 
FIGURE 3 is a cross-sectional view of the actuator 

assembly; 
FIGURE 4 is a cross-sectional View of the actuator 

assembly illustrating the manner in which a liquid stream 
tube is raised above a de?ector plate; 
FIGURE 5 is a partial plan view of the ‘liquid stream 

tubes; 
FIGURE 6 is a cross-sectional view of a liquid stream 

tube taken along a line P6 of 1FIGURE 3; 
‘FIGURE 7 is a cross-sectional view illustrating the 

manner in which the liquid stream tubes are coupled with 
a header; and 
‘FIGURES 8 and 9 are respectively an electrical block 

diagram ‘and an electrical circuit which may be employed 
in controlling an actuator of the actuator assembly. 

Turning now to the dnawings, ore, which is a preferred 
embodiment, has been treated with a ?uorescent material 
to provide both coated and uncoated particles, is placed 
on 1a conveyor 1 and caused to drop from the end of the 
conveyor in a downward Ipath past a radiation source 2, 
into a zone where the characteristic radiation emitted by 
the coated particles of ore is received in ‘an electromag 
netic wave sensing means 3. The wave energy received 
by the wave sensing means 3 produces a signal which is 
fed into an electrical system 4, the output of which con 
trols an actuator assembly 5. The actuator assembly 5 
operates de?ecting means '6 which comprises a plurality 
of 'Inovable tubes providing liquid jets or streams‘ to 
knock any particles emitting at the characteristic wave 
length out of the falling stream of ore particles. The de 
?ected particles ‘are received by :a collector 7 which may 
take the form of a conveyor moving in one direction, and 
the balance of the particles fall to a collector 8 which may 
take the form of a conveyor moving in another direc 
tion. Preferably the apparatus is covered to prevent ex~ 
ternal radiation from reaching the wave sensing means 3. 
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Turning for the moment to the initial treatment of the 
ore, a portion of a body of ore is caused to emit ‘a char 
acteristic wavelength which wavelength is unlike that 
emitted by the rest of the ore. The ore particles are then 
separated according to whether or not they emit the char~ 
acteristic wavelength. This may be accomplished accord 
ing to said copending application by ?rst treating a 
quantity of ore containing at least one valuable mineral 
portion with a liquid which preferentially coats the par 
ticles of one of the minerals in the ore. The coating 
liquid, in addition to being speci?c to particles of the 
minerals in the ore, is ‘also capable of ?uorescing at a 
characteristic wavelength after exposure to ultraviolet, 
X-rays, or any other suitable type of radiation. For ex 
ample, the coating liquid may be any one of a number 
of well-known long chain ‘hydrocarbons selected to match 
with the mineral through surface chemistry. The source 
2 may be a broad spectrum source with a ?lter to obtain 
the desired weavelength of radiation. For example, the 
?lter may pass a radiation band below 3,600 angstroms, 
‘and a ?lter may be used on the detector 3 to pass radia 
tion in a band above 3,800 angstroms to allow the de 
tector to pick up secondary emission from the rock 
caused by radiation from the source. By providing sepa 
rate wavelength bands in this manner, radiation from the 
source reaching the detector, as by re?ection from the 
ore as ‘distinguished from the secondary emission from 
the desired ore, will not pass the detector ?lter and cause 
improper operation of the actuator 5. 
While in the preferred form of the invention, a por 

tion of the ore particles is preferentially coated to provide 
the characteristic emissions upon exit-ation from the 
source, the coating may be dispensed with in the case 
of natural ?uorescing or other radiation emitting ores. 
These ores, upon exitation, emit at a characteristic wave 
length which can be used to activate the separation opera 
tion. \Ty-pioal materials which can be recovered from ore 
mixtures without coating or other pretreatment are 
willemite, 'hydrozincite, uraninite, calcite and sheelite. 
Other ores may be ?rst pretreated to provide the prefer 
ential coating capable of emitting at a characteristic 
wavelength upon exposure to one of the many forms of 
electromagnetic radiation. 

Herein, the ore particles which emit at a characteristic 
Wavelength upon exitation are sometimes referred to as 
being “?uorescent.” Likewise, the coating materials used 
in many cases to provide this property are referred to as 
“?uorescent materials.” In a narrow sense, ?uorescence 
refers to the property of absorbing radiation at one par 
ticular wavelength and re-emitting it as light of a different 
wavelength so long as the stimulus is active. However, 
it is intended ‘herein by the term “?uorescence” to indi 
cate that property of absorbing radiation at one particular 
Wavelength and re-emitting it at a different wavelength, 
whether or not visible, during exposure to the active 
stimulus, or after exposure, or during both of these time 
periods. Thus, ?uorescence is used generically herein to 
include the limited de?nitions of both ?uorescence land 
phosphoresence, and envisions the emission of a char 
acteristic wavelength whether or not visible. 
As described in said copending application, a wide 

variety of organic ‘materials which ?uoresce at a char 
acteristic wavelength upon exitation by ultraviolet light, 
X-rays, or other radiation may be used to preferentially 
coat either the desired or undesired portion of the ore. 

Turning now ‘more speci?cally to the detector 3, control 
system 4, actuator assembly 5 and a de?ecting means 6, 
the detector 3 may employ a plurality of photomultipliers 
:for detecting the characteristic radiation emitted by the 
radiated particles. It is generally necessary that the source 
and detectors be ‘located relatively close to the de?ecting 
means 6, such ‘as one half inch to several inches between 
the detectors and the de?ecting means. In order to have 
a relatively compact detector 3, the photomu-ltipliers may 
be arranged in two rows with ?ber optics or Well-known 
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4 
glass ?bers used ‘for conveying the characteristic radiation 
to the photomultipliers. For example, thirty-six photo 
multipliers in two rows of eighteen may be provided with 
one-eighth inch diameter glass rods extending ‘from the 
photomultipliers to the exterior of the detector 3. The 
signals from the photomultipliers ‘are applied to a control 
system 4 which will be discussed in greater detail sub 
sequently. \Brie?y, the control system 4 includes ampli?ers, 
trigger circuits and drivers to control the operation of 
electromagnetic actuators housed within the actuator as 
sembly 5. The actuators are operated electrically to de?ect 
a ?uid jet tube, ‘for example a tube 10, above a de?ector 
plate 11 to allow the ?uid to force a desired ore particle 
12 onto the conveyer 7. A typical de?ection is three 
eighths inch ‘for the three-eighths inch outside diameter 
tube. A typical spacing between the detector 3 and‘ de 
?ecting ‘means 6 is approximately ‘four inches to prevent 
the ?uid, for example water, ‘from spraying on the 
detector. 

Turning now to more detailed discussion of the actuat 
ing assembly 5 and de?ecting means 6, the same are 
illustrated in greater detail in FIGURES 2 through 7. 
Considering ?rst principally the enlarged showings thereof 
in FIGURES 2 and 3, the actuator assembly includes a 
1housing 15 in the form of an elongated box. The housing 
has a plurality of apertures in the bottom and top thereof 
for receiving a plurality of magnet-armature assemblies, 
such as assemblies 16 through 19. These assemblies are 
arranged in staggeed rows as best seen in FIGURES 2 
and 5. Each includes a permanent magnet 20 and a soft 
iron slug af?xed, as by an epoxy cement, to the upper 
end thereof which serves as an armature. A cylindrical 
coil ‘form 23 having a coil 24 thereon is positioned in an 
annular air gap 25 which is de?ned by an upper aperture 
in the box 15 and the slug 21. The housing 15 serves as 
a yoke for each of the “voice-coil” drivers, and when the 
coil 24 is energized the coil form 23 will move up or 
vdown. The housing 15 may be made of 1010 iron. The 
slug 21 may be deleted in which case the permanent mag 
net 20 extends from the top to the bottom of the hous 
ing 15, but preferably the soft iron slug 21 is employed. 
Similarly, a soft iron slug may be used at the bottom of 
the housing 15 to improve the magnetic coupling with 
the housing. An electromagnet rather than a permanent 
magnet 20 also may be employed. 
The coil form 23 preferably is machined from poly 

tetra?uoroethylene such as that sold under the name 
Te?on, and preferably includes two layers of eighty-seven 
turns each of number thirty wire forming a bi?lar winding 
‘for the coil 24. A rivet 27 is affixed to the upper end of 
the coil form 23, and a rod 28, such as small diameter 
music wire, is lai?xed to the rivet 27 and extends through 
a tube guide 29 and is coupled with a liquid jet or stream 
tube 30, like the tube 10 in FIGURE 1, as best seen in 
FIGURES 3, 4 and 6. An armature ‘frame '32 and a cover 
frame 33 are secured to the sides of the housing 15 by 
any suitable means, such as bolts. These frames 32 and 
33 extend the length of the top of the housing 15. The 
tube 29, as well as the other similar tubes, :are secured to 
the frames 32 and 33 as by soldering. A rubber bumper 
35 is secured to the upper end of the slug 21, and a rubber 
bumper 36 is secured to the underside of the armature 
‘frame 32, and these bumpers determine the limit of travel 
of the coil form 23. From the foregoing, it will be ap 
parent to those skilled in the art that when the coil 24 
is approximately energized, the coil form 23 will rise 
thereby causing the end of the tube 30 to rise above the 
de?ection plate 11 as illustrated in FIGURE 4. 
The de?ecting means 6 includes a header 40 having a 

plurality of plugs 41 extending through bores therein and 
soldered thereto as best seen in FIGURE 7. Outlet tubes 
42 are coupled with the plugs and ‘soldered thereto. Sec 
tions of ?exible air ‘hose 43 couple the outlet tubes 42 
with the tubes 30. A ?uid, such as water, is continuously 
supplied to the header under pressure, and thus continu 
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ous ?uid jets or streams eminate from the ends 44 of the 
tubes 30 and the ?uid is de?ected downwardly by the 
de?ection plate 11 unless a tube is raised by a respective 
driver. As an example, the tube 30 may be formed from 
three-eighths inch outside diameter tubing with the 
shortest tube being approximately eight inches long and 
the longest being approximately thirteen inches long. The 
rods 28 are a?‘ixed to the tubes 30 at approximately the 
midpoint thereof. The de?ecting means 6 may, ‘for ex 
ample, include thirty-six tubes spaced on one-half inch 
centers with the width of the de?ecting means 6 from the 
?rst to the last tube being approximately eighteen inches. 
With the foregoing arrangement and approximately a sixty 
pound water head and one hundred feet per second Water 
velocity, ore particles from ‘approximately one-half inch 
to eight inches in size may be effectively handled. It is 
sometimes desirable to space the tubes 30 several inches, 
e.ig., four inches, from the detector 3 to prevent splash on 
the detector. ‘If this is done, the transit time of ore from 
the detector to the tubes ‘30 is increased, but the tubes 30 
can be moved back from the vertical fall line of the ore 
such that the ?uid streams must travel a longer distance 
to reach the ore. Thus, the spacing between the detector 
and tubes 30 as well as the position of the tubes with 
respect to the fall line may be adjusted as desired to pro 
vide the necessary time delay. 
With one-half inch ore, approximately three milli~ 

seconds elapse as the ore passes a point and therefore the 
system should react within this time, i.e., a tube 30 be 
raised within this time. Accordingly, a high initiating cur 
rent, for example eight amperes for one to one and one 
half milliseconds, is employed to raise a tube 30, and once 
raised the current may be reduced to a holding current 
of, for example, three hundred milliamps. The electrical 
power requirements are based upon the mass of the tube 
'30, the fluid employer, and the height of the rise of the 
tube required to allow the fluid- stream to ?ow past the 
de?ector 11. Typical solenoid arrangements take approxi 
mately ?ften milliseconds to operate and thus are rela 
tively slow as compared to the present system. Smaller 
ore, such as one-fourth inch ore, requires a reaction time 
of‘ approximately one and one-half milliseconds. With 
such ore the preferred ?uid is air, and the mechanical sys 
tem should be lighter and more compact. 
The electrical control system 4 includes a plurality of 

the circuits illustrated in FIGURES 8 and 9. This system 
responds to signals from photomultipliers within the de 
tector 3 to operate the respective drivers within the 
actuator assembly 5. Basically, this system includes ‘for 
each coil 24 a conventional impedance matching ampli?er 
(not: shown) coupling a photomultiplier to a digital con 
trol circuit such as shown ‘in FIGURE 8 which in turn 
controls respective semiconductor coil drivers such as 
illustrated in ‘FIGURE 9. When an ore particle emitting 
the characteristic radiation passes the detector 3, a photo 
multiplier therein provides a signal to the system 4. This 
signal then is amplified and applied to the digital control 
circuit of FIGURE 8. This signal applied to the control 
circuit is in the form of a pulse 60 which initiates four 
signals which are, (*1) a high drive-up current, (2) a low 
hold-up current, (=3) a high drive-down current, and (4) a 
low hold-down current. Inasmuch as there is a ?nite drive 
up time, such as three to three and one-half milliseconds 
the distance between the detector 3 and the de?ecting 
means 6 is selected to compensate for the ?nite time such 
that when a desired ore particle reaches the end of a tube 
30 the tube has been raised to allow the ?uid stream there 
from to de?ect this particle. The pulse width of the pulse 
60 is proportional to the size of the particle ‘and thus is 
short for small particles and long for large particles 
thereby enabling the ?uid jet operating time to be variable 
depending on rock size. 
The pulse 60 is almost a square wave but is applied to 

a‘ Schmidt trigger 61 to standardize the pulse. The output 
of the trigger 61 is applied through an inverter 62 to the 
input of a differentiating emitter follower 63 and to an 
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6 
or gate 64. The positive-going leading edge of the pulse 
applied to the emitter follower 63 causes this circuit 
to provide an output spike pulse on ‘an output line 65. This 
pulse may be termed a drive-up pulse which, as will be 
explained subsequently in connection with ‘a description 
of 'FIGURE 9, causes a semiconductor gate to apply a 
high drive-up current to the coil '24. An output of the 
emitter follower 63 is applied through a ‘line 66 and a 
single shot 67 to another dilferentiating emitter follower 
68 the same ‘as the emitter follower 63. The positive 
going trailing edge of the pulse applied from the single 
shot 67 causes an output from the emitter follower 68 
on a line 69, and this pulse occurs after the pulse on 
the line 65 and is termed a hold-up pulse. The time dif 
ference is determined by the time delay of the single shot 
67 and this delay typically may be one to one and one 
half milliseconds. The arrangement described thus far 
enables a high drive-up current to be app-lied to the coil 
24 to raise a tube 30, and then this current is reduced 
to a level which is suf?cient to maintain the tube in its 
raised position. 
An output of the emitter follower 68 is applied through 

another single shot 72 to the ‘or gate 64, and an inverted 
pulse output is applied through a line 73 from the single 
shot 67 to the or gate 64. The output of the gate 64 is 
applied to a third differentiating emitter follower 74 which 
provides a spike pulse determined by the trailing edge of 
the input pulse 60, and this pulse on a line 75 is termed 
a drive-down pulse. An output from the emitter follower 
74 is coupled through another single shot 76 which in turn 
is coupled to a fourth differentiating emitter follower 
77. This latter emitter follower 77 provides an output 
hold-down pulse on an output line 78. 
The output lines from the emitter followers 63, 68, 74 

and 77 in FIGURE 8 are coupled to the input of a coil 
driving circuit such as that illustrated in FIGURE 9. This 
circuit ‘essentially responds to the outputs of the emitter 
followers to supply the necessary drive and hold cur 
rents to the coil 24. The coil 24 is a ibi?l'ar winding illus 
trated as 24a and 24b in FIGURE 9. The pulses from the 
emitter ‘followers control silicon controlled recti?er ‘gates 
80 through 83. It will be apparent to those skilled in the 
art that other types of gating devices, such as transistor 
gates, may be employed. The pulse on the drive-up line 
65 turns on the gate 80 thereby causing a large current 
to flow through coil winding 24a and an inductance 84 
while a capacitor 85 charges. When the hold-up pulse 
on line 69 occurs, the gate 81 turns on and the resulting 
charge on the capacitor 85 blocks the gate 80 for a suffi 
cient time period to turn the gate 80 off. Hold-up current 
then ?ows through the gate 81, and resistance 86, the 
inductance 84 and the winding 24a. Upon the occurrence 
of the drive-down pulse on the line 75, the gate 82 
turns turns on and a capacitor 87 reverses the voltage 
applied to the gate 81 thereby turning the gate 81 off. 
The second winding 24b of the coil 24 is then driven 
with a high current in a manner similar to the Winding 
24a to drive down the coil form 23 and associated tube 
30. When the hold-down pulse occurs on the line 78, 
the gate ‘83 turns on and the charge on a capacitor 88 
blocks the gate =82 thereby turning it off, and a hold-down 
current flows through the ‘gate 83, resistance 89, in 
ductance 90 and winding 24b. When the gate 80 is again 
turned on by the drive-up pulse on the line 65, the 
capacitor 87 reverses the voltage on the gate 83 to turn 
the same oh”, and a drive-up current is applied to the wind 
ing 24a in the same manner ‘described above. 
What is claimed is: 
1. Apparatus for separating ‘?rst and second types of 

ore particles wherein the ?rst type of ore particles emits 
radiation of a characteristic wavelength comprising 

detecting means for detecting the radiation emitted by 
said ?rst type of ore particles for providing initiating 
signals, 

control means responsive to said initiating signals for 
providing gating signals, and 
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actuating means responsive to said gating signals for 

changing the direction of one or more ?owing liquid 
streams to cause each such stream to impinge upon 
ore particles of said ?rst type from which radiation 
was received by said detecting means to cause said 
last named ore particles to be separated from said 
second type of ore particles. 

2. Apparatus for separating ?rst and second types of 
ore particles wherein the ?rst type of ore particles emits 
radiation of a characteristic wavelength comprising 

controlling one or more liquid streams to impinge 
upon ore particles of said ?rst type from which 
radiation was received by said detecting means to 
cause ‘said last named ore particles to be separated 

8 
6. Apparatus as in claim 4 wherein 
said magnetic circuit means includes an elongated bous 

ing forming a yoke, ‘said housing having a plurality 
of apertures therein, a plurality of magnet-armature 
assemblies mounted in staggered rows in said housing 
with the armature assemblies extending into the ape-r 
tures of said housing whereby said armature assem 
blies and housing ,form a plurality of air-gaps, and 

said movable coil means includes a plurality of coil 
members respectively arranged in said air-gaps for 

detecting means for detecting the radiation emitted by 10 movement up or down in response to signals applied 
said ?rst type of ore particles for providing initiating to ‘said coil members. ‘ 
signals, 7. Apparatus as in claim 6 wherein 

control means responsive to said initiating signals for said coil members are respectively coupled with said 
providing gating signals, and 15 ?uid stream tubes for moving the same to said second 
actuating means responsive to said gating signals for position. 

controlling one or more liquid streams to impinge 8. An actuating assembly comprising 
upon ore particles of said ?rst type from which radi- magnetic circuit means including an elongated housing 
ration was received by said detecting means to cause forming a yoke, said “housing having a plurality of 
said last named ore particles to be separated ‘from 20 apertures therein, a plurality of magnetaarmature as 
said ‘second type ‘of ore particles, said actuating means semblies mounted in staggered rows in said housing 
comprises a plurality of driving means coupled with with the armature assemblies extending into the aper 
liquid stream tubes, and said control means causes tures of said housing whereby said armature assem 
one of said driving means to move one of said tubes blies and housing form a plurality of air-gaps, and 
for each respective particle of said ?rst type from 25 movable coil means including a plurality of coil mem 
which radiation is received by said detecting means. 'bers respectively arranged in said airagaps for move. 

3. Apparatus for separating ?rst and second types of ment up or down in response to electrical signals 
ore particles wherein the ?rst type of ore particles emits applied to said coil members, 
raidation of a characteristic wavelength comprising 9, An actuating assembly as in claim 8 including 

detecting means for detecting the radiation emitted by 30 a plurality of movable ?uid stream tubes which in one 
said ?rst type of ore particles for providing initiating position supply ?uid which is de?ected by a de?ecting 
signals, means and which in a second position supply a fluid 

control means responsive to said initiating signals for stream past said de?ecting means, and 
providing ‘gating signals, and means coupling said coil members respectively to said 

actuating means responsive to said gating signals for 35 ?uid stream tubes .for moving the same to said second 
position. 

10. A method for altering the trajectory of ore par 
ticles of a ?rst type ‘for separating said ore particles from 
ore particles of a second type comprising 

from Said Second type of Ore Particles, Said actuating 40 providing a plurality of substantially continuous ?uid 
means includes a housing forming ‘a yoke and a plu- streams and de?ecting the same to prevent impinge 
rality iof magnet assemblies mounted therein and ment thereof on said ore particles of said ?rst and 
a plurality of coil means cooperating with said mag- second types 
net assemblies, said coil means being coupled With sensing a characteristic of said ore particles of said ?rst 
respective liquid stream tubes :for de?ecting said type, and 
liquid streams in response to signals from Said cOn- 45 de?ecting a respective ?uid stream in response to detect 
trol means. 

4. Apparatus for separating ?rst and ‘second types of 
ing said characteristic of an ore particle to de?ect 
the trajectory of the ore particle whose characteristic 
has been detected. ore particles wherein the ?rst type ‘of ore particles emits 

radiation of a characteristic wavelength comprising 
detecting means for detecting the radiation emitted by 50 

said ?rst type of ore particles for providing initiating 

11. A. method for altering the trajectory of ore particles 
of a ?rst type for separating said ore particles from ore 
particles of a second type comprising 

signals, . 
control means responsive to said initiating signals for 

providing up signals and down signals, 

providing a plurality of substantially continuous ?uid 
streams and de?ecting the same to prevent impinge 
ment thereof on said ore particles of said. ?rst and 

a plurality of movable ?uid stream tubes which in one 55 ‘Second types 
Position ‘Supply ?uid which ‘is de??cted iby a de?ecting sensing a characteristic of said ore particles of said 
‘means and which in a ‘second position supply a ?uid ?rst type, and 
stream for impinging upon said ?rst type of ore de?ecting a respective ?uid stream 'for a period of time 
particles, and proportional to the size of the ore particle whose 

60 characteristic ‘has been detected to de?ect the tra actuating means responsive to said up and down signals 
‘for de?ecting one or more of said tubes from its 
?rst to its second position, said actuating means 
including magnetic circuit means and movable coil 
means, said movable coil means being respectively 

jectory of the same. 
12. A method for altering the trajectory of ore particles 

of a ?rst type for separating said ore particles from ore 
particles of a second type comprising 

coupled with said tubes and movable up or doWn in 65 providing a plurality of substantially continuous ?uid 
response to said respective up and down signals. ‘Streams and ‘de?ecting the ‘Sam? to preveilt lmpmge' 

. . . ment thereof on said ore particles of said ?rst and 
5. Apparauts as in claim 4 wherein Second types 
Slald magnet“) clr‘cult means Includes a ,housmg and ,a sensing a ‘characteristic of said ore particles of said ?rst 

plurality of magnet-armature assemblies arranged in 70 type’ ‘and V 
fi‘st'aggered rejla?onshlpfand ‘mounted in_said hous‘ de?ecting a number of ?uid streams in response to 
111g: a plurality 0f_ ‘Coll means respectively mag- detecting said characteristic of an ore particle to de 
Il?twally ‘I0l1P1ed_Wlt‘h $8161 ‘magn?bamlatufe m?af‘ls, ?eet the trajectory of the same, said number of ?uid 
and means coupling said coil means with respectwc streams being proportional to the size of said ore 
tubes. 7 5 particle. 
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v1.3. Apparatus for separating ?rst and second solid 
articles wherein the ?rst type of ‘article has a particular 
characteristic, comprising 

detecting means for detecting said characteristic of said 
?rst type article for providing initiating signals, 

control ‘means responsive to said initiating signals for 
providing control signals, 

a plurality of movable ?uid stream tubes which in one 
position supply ?uid which ‘is de?ected by a de?ect 
ing means and which in a second position supply a 
?uid stream for impinging upon said ?rst type 
‘article, and 

actuating means responsive to said control signals for 
de?ecting one or more of said tubes from its ?rst 
to its second position, said actuating means including 
magnetic circuit mean-s and movable coil means, 
said movable coil means being respectively coupled 
with said tubes ‘and movable in a ?rst or 'a second 
direction in response to said control signals. 

14. Apparatus vfor separating ?rst 1and second solid 
articles wherein the ?rst type ‘article has ‘a particular 
characteristic, comprising 

detecting means for detecting said characteristic of 
said ?rst type article and providing initiating signals, 

control means responsive to said initiating signals for 
providing control signals, 

a plurality of movable ?uid stream tubes which in one 
position supply ?uid which is de?ected by a de?ect 
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10 
ing means and which in a second position supply a 
?uid stream for impinging upon said ‘?rst type ‘article, 

a manifold coupled with said ?uid stream tubes for 
supplying ?uid to said tubes, said tubes being ?exibly 
coupled with said manifold for movement up or 
down of an end of said tubes remote from said mani~ 
fold by‘said actuating means, said de?ecting means 
‘being 1a de?ection plate mounted near said ends of 
said tubes 3for normally de?ecting said ?uid for pre 
venting impingement thereof on said articles, and 

actuating means responsive to said control signals for 
de?ecting one or more of said tubes from its ?rst to 
its second posit-ion, said actuating means including 
magnet circuit means and movable coil means, said 
movable coil means being respectively coupled with 
said tu-bes intermediate the ends of said tubes to 
selectively move said ends of said tubes remote from 
said manifold away from said de?ection plate in re 
sponse to said control signals to allow ?uid streams 
to impinge upon said ?rst type of ‘article. 
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