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[57] ABSTRACT 
Relatively opaque and relatively translucent bodies 
are distinguished from one another by illuminating a 
limited area of the surface of each body and determin-
ing the amount of light emitted from the surface of the 
body outside the limited area, the amount of such 
emitted light increasing with increasing translucency 
of the body. A coaxial light-transmitting and light-
receiving arrangement is preferred, using a common 
lens, and using adjacent fibre-optic transmitting and 
receiving surfaces. 

The invention has one application in distinguishing 
between ore fragments which comprise a translucent 
matrix (e.g., quartz or quartzite) and greater or lesser 
amounts respectively of an opaque mineral (e.g., 
uraninite) non-uniformly dispersed therein, and can 
be applied to physically separate the fragments 
according to their mineral content. 

20 Claims, 15 Drawing Figures 
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METHODS AND APPARATUS FOR Apparatus according to the present invention for dis-
DISTINGUISHING BETWEEN BODIES tinguishing between bodies according to certain prede-

ACCORDING TO THEIR TRANSLUCENCY termined characteristics comprises means for directing 
an illuminating beam on to a limited area of the surface 

5 of each body and means for determining the amount of 
light emitted from the surface of said body outside said 

This invention relates to methods and apparatus for limited area, 
distinguishing between bodies according to certain pre- The means for determining the amount of light emit-
determined characteristics, and has one application in ted from the surface of said body outside said limited 
the beneficiation of ores, for example uranium ores. 10 area may comprise a photoelectric detector, and means 

For economic reasons it is desirable to enrich the for forming an image of the surface of the body, there 
concentration of the wanted metal in an ore before being provided between said image and the photoelec-
treating the ore to extract the metal. In some ores the trie detector a light-path which is transversely dimen-
wanted metal is non-uniformly dispersed as an opaque sioned to substantially allow only light from said limited 
mineral in a matrix of a translucent substance such as 15 area reaching said photoelectric detector, 
quartz or quartzite. For example in one known low- Said light-path may include occulting means dimen-
grade uranium ore (from Lake Elliott, Canada), con- sioned to substantially prevent light from said limited 
taining about 0.7 percent of the mineral uraninite, the area of the image reaching said detector. Alternatively 
latter is present as concentrations of small particles said light-path may include light-conducting means di-
(each particle about 25 îm in diameter) in a quartz or 20 mensioned to substantially conduct only light from out-
quartzite matrix. If the ore is reduced to fragments of side said limited area of the image to the detector, 
about 0.25 inch diameter, it is found that about 40 per- The optical axes of said illuminating and light-
cent of the fragments contain an average of about 400 determining means may be arranged to converge at the 
fxgm of uraninite per lump, and the remaining 60 per- body, or to be substantially coaxial. Where substan-
cent about 30/xgm per lump. Beneficiation of such an 25 tially coaxial, they may comprise common image-
ore can evidently be effected by a method which sepa- forming means. 

rates the 40 percent from the 60 percent. In arrangements in which the axes converge at the 
Various known methods of distinguishing the ura- body, the occulting means may comprise an opaque bar 

nium content of ore fragments include radioactivity extending across a photosensitive surface of said photo-
measurement, emission spectroscopy, fluorescence 3 0 electric detector. 
measurement etc, but these can be uncertain and ineffi- The illuminating means may be arranged to provide 
cient in operation. at least one narrow illuminating beam of light whose 

The present invention permits use of the observation long dimension is aligned transversely to a path along 
that, in ore fragments such as those hereinbefore de- which the bodies are arranged to move, whereby said 
scribed, those fragments which contain little or none of 3 5 bodies may intercept isaid beam as they move, 
the wanted mineral are relatively translucent, whereas In a substantially coaxial arrangement comprising 
those which contain most of the mineral are relatively common image-forming, e.g., lens, means, the illumi-
opaque, at least in those parts of the fragments where nating means and light-determining means may com-
a mineral concentration is present. prise adjacent areas arranged respectively to transmit 

4 0 light to and to receive emitted light from said body, said 
transmitting area being connected via a first light-path 

According to the present invention a method for dis- to a light source and said receiving area being con-
tinguishing between bodies according to certain prede- nected via a second light-path to said photoelectric de-
termined characteristics comprises directing an illumi- tector. In such an arrangement the transmitting area 
nating beam on to a limited area of the surface of each 4 5 may be regarded as serving also as an occulting means 
body and determining the amount of light emitted from for preventing light from the limited illuminated area of 
the surface of said body outside said limited area. The the body from reaching the photoelectric detector, 
amount of such emitted light increases with increasing since in the absence of aberrations and defocussing all 
translucency of the material of the body in the illumi- this light returns to the transmitting area only. Further 
nated and adjacent areas. occulting means may be provided extending over an 

The method may comprise forming an image of the area at the boundary between the transmitting and re-
surface of the body including said limited area and pro- ceiving areas to take account of such aberrations and 
viding between said image and a photoelectric detector defocussing. 
a light-path transversely dimensioned to substantially 5 5 Preferably the common image-forming means is so 
allow only light from outside said limited area to reach arranged, in relation to the positions of the bodies and 
said photoelectric detector. of the transmitting and receiving areas, that said limited 

Said light-path may include occulting means dimen- illuminated area of the body is a magnified image of the 
sioned to substantially exclude light from said limited transmitting area. 
area of the image. Alternatively said light-path may in- 6Q Preferably a transverse dimension of the transmitting 
elude light-conducting means dimensioned to substan- area is smaller than a corresponding dimension of the 
tially conduct only light from outside said limited area adjacent receiving area. 
of the image. Said transmitting and receiving areas may be translu-

The bodies may be fragments of an ore, said frag- cent surfaces and may conveniently be the end-faces of 
ments containing different amounts of an opaque min- 6 5 fibre-optic bundle means forming said first and second 
eral in a translucent matrix. The mineral may be a ura- light-paths. The transmitting area may be a central area 
nium mineral, eg uraninite, and the matrix may be surrounded by an annular receiving area. Alternatively 
quartz or quartzite. the transmitting area may comprise one or more nar-

SUMMARY OF THE INVENTION 
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row strips adjacent to wider receiving areas. A plurality 
of alternate transmitting and receiving strips may be 
used. Occulting means may be provided extending over 
an area between the transmitting and receiving end-
faces. 

The output of the light-determining means may be 
connected to control means for physically separating 
relatively translucent from relatively opaque bodies. 
Various forms of such separating means are known, us-
ing, for example, pneumatic jets applied to the falling 
bodies, or electromagnetically operated push-rods. 

DESCRIPTION OF THE DRAWINGS 
To enable the nature of the present invention to be 

more readily understood, attention is directed by way 
of example to the accompanying drawings wherein: 

FIGS, la and lb are diagrams illustrating the physical 
property used in the present invention. 

FIGS. 2 and 3 are diagrams illustrating two non-
coaxial embodiments of the invention. 

FIG. 4 is a diagram illustrating a coaxial embodiment 
employing fibre-optics. 

FIGS. 5, 6 and 7 illustrate forms of fibre-optic trans-
mitting and receiving surfaces. 

FIGS. 8, 9 ,10, 11 and 12 are diagrams illustrating the 
optical design of apparatus embodying the present in-
vention. 

FIG. 13 illustrates a further form of fibre-optic trans-
mitting and receiving surface. 

FIG. 14 is a diagram of an ore-sorting apparatus em-
bodying the present invention. 

DESCRIPTION OF EMBODIMENTS 
Referring to FIG. la, an opaque surface 1 is illumi-

nated by a beam 2 of small cross-section. Light is re-
flected in all directions as shown by the arrows 3, but 
only from the illuminated area of the surface. 

In FIG. lb the surface 1' consists of translucent crys-
tals 4. The beam 2 passes through the surface, and after 
multiple internal reflections, part emerges from the sur-
face outside the area illuminated by the beam 2, as 
shown by the arrows 3'. The effect can be observed if 
a piece of quartz is illuminated with a narrow laser 
beam. Surrounding the bright illuminated spot pro-
duced by the laser beam is an area which glows with the 
colour of the light. If the laser beam is directed at a 
piece of opaque uraninite, this glow is absent. 

In FIG. 2 a light beam is directed at a body 5, illumi-
nating a limited area of small diameter at a point A on 
its surface. Light from the surface of body 5 is imaged 
at the photocathode 6 of a photomultiplier tube by a 
lens 7. A bar-like occulting mask 8 is located in front 
of the photocathode 6. Suitably a laser beam of about 
1/10 inch diameter can be used, lens 7 is of 12 inch 
focal length and the body 5 and photocathode 6 are 
each about 24 inches from lens 7, and mask 8 is about 
1/10 inch wide. 

If the illuminated area of body 5 is opaque, all the 
light emitted therefrom will be emitted from the 1/10 
inch diameter illuminated area and will be intercepted 
by mask 8, which is in the light-path between image and 
photocathode. There will therefore be no output from 
the photomultiplier. If the illuminated area is translu-
cent, light will also be emitted from the body surface 
outside the illuminated area, and this light will not be 
intercepted by mask 8. An output will therefore be ob-
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tained from the photomultiplier. The effect is also ob-
tained if the translucent material is non-crystalline. 

If the illuminated area A were fixed in location rela-
tive to lens 7 and photocathode 6, in theory only a cen-

5 tral circular mask would be required at A'. In practice 
however, the optical system may have the usual aberra-
tions, and the position of surface A may be uncertain 
within limits, eg the bodies may be irregularly shaped, 
as are ore fragments, or their position on a moving belt 

10 may not be closely defined. FIG. 2 shows the effect 
when the illuminated surface is located at points B and 
C, respectively further and closer than point A. The re-
spective images formed by lens 7 are located at B' and 
C' instead of at A'. Thus the images formed at photo-

15 cathode 6 are slightly defocussed, are respectively 
smaller and larger than the image at A', and are dis-
placed across the photocathode in the plane of the pa-
per. The use of a bar-shaped mask ensures interception 
of light from illuminated areas B and C as shown. Theo-

20 retically the bar could taper in width towards the B' 
end, but in practice the reduction in size of the B' 
image makes tapering unjustified. 

In FIG. 3 a long, narrow illuminating beam 2' ema-
nating from a slit 9 is used, the long dimension of the 

25 beam being transverse to a path 10 along which bodies 
5 can move or be moved in a direction normal to the 
plane of the paper. The long dimension of beam 2' is 
sufficient to intercept body 5 wherever it may be lo-
cated across the path. The beam 2' illuminates a lim-
ited strip of the upper surface of the body, from which 
light is reflected via lens 7' to photocathode 6' as be-
fore. The occulting bar 8' intercepts light from the illu-
minated strip but allows any light emitted from the sur-
face of the body on either side of the illuminated strip 

3 5 to reach the photocathode. 
Using the apparatus shown in FIG. 2, 1/4 inch frag-

ments of a sample of Lake Elliott uranium ore of 
known uraninite content were subjected to the present 
method. 40 percent of the fragments were distin-
guished as "opaque" and were found to contain 95 per-
cent of the total uranium contained in the complete 
sample. This result was obtained in a single pass, ie 
without re-examining the "translucent" fragments. In 
practice, the irregular distribution of mineral within 

4 5 each fragment may result in the illumination of a trans-
lucent area of a fragment, another area of whose sur-
face is opaque because of the presence of mineral. For 
this reason it may be desirable to re-examine the appar-
ently translucent fragments after they have been dis-
turbed to reorient their surfaces. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
FIG. 4 shows a coaxial arrangement which takes ad-

g 5 vantage of the known light-conducting properties of 
coated glass or plastic fibres. A fibre-optic bundle com-
prises portions 11 and 12 forming first and second 
light-paths respectively. Portions 11 and 12 need not be 
individually coherent. At a common end-face, portion 

6 0 11 forms a central circular transmitting surface 13 and 
portion 12 an annular receiving surface 14. Surface 13 
is illuminated by a light source IS and light from sur-
face 14 is transmitted to a photocathode 16. The illumi-
nated surface 13 is imaged on body 5 at 17 by a lens 18, 

, _ and light from the surface of the body is imaged at the 
common end-face of the bundle by the same lens. Light 
reflected from the limited area 17 is imaged on to sur-
face 13, whereas any light emitted from the surface sur-
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rounding area 17 is imaged on surface 14. Hence only Hence 
the latter light is received by photocathode 16. Area 13 _ 
can thus be regarded as acting, in effect, as an occulting d4> — I0F(x)dxdd 
mask for the light reflected from area 17, although it (I) 
will be observed that this masking effect is still obtained 5 
if area 13 is notionally replaced by an empty hole. And the flux scattered as a result ofthe total incident 

Optical aberrations, and defocussing due to varia- energy, 
tions in the distance of the surface of body 5 from lens 
18, may cause some overspill of reflected light from <j> = I0 U F(x)dxd6 
area 17 on to surface 14. For this reason it may be de- 10 
sirable, in some applications of the invention, to pro-
vide an opaque mask 19 which occults an annulus be- T h i s integration can only be completed when the in-
tween the transmitting and receiving surfaces, as shown t e r n a l s c a t t e r i n g characteristics of the ore are known, 
in FIG. S. Instead of mask 19, other occulting means w h i c h c a n b e d e t e r m i n e d by experiment, and when the 
can be used, such as a fibre-free annular zone or even 15 s h Q f ^ i l l u m i n a t e d a r e a h a s b e e n c h o s e n 
an empty space; or the fibres in the annular zone can Jf k .g a s s u m e d ^ t h e Q r e f n t i s i s o t r o p i C j a n d 
simply not be led to the photocathode. The require- ^ ^ i l l u m i n a t e d a r e a , i s a s m a l , c i r c u l a r t d s 
ment is that the annular occulting means should not t h e n ^ s c a t t e r e d flux a t r a d i u s x f r o m t h e 

transmit light to the body, and that light received by . . ' , . , 
c . i_ j i j . i. ™ luminated area ds is given by this occulting means from the body should not be 2u 

passed to the photoelectric detector. = !0 ds-2nx &x F(x) 
FIG. 6 shows an alternative form of fibre-optic end-

face in which the transmitting surfaces 13' are strips al-
ternating with the receiving surfaces 14'. The strips can . i f 
be aligned transversely to a path along which the bodies 25 The total flux, 4>, scattered by the fragment is 
move, to produce an effect similar to that of FIG. 3. 

In FIG. 7 the transmitting surface 13" is of narrow _ 9 pt=x 
cruciform configuration bounded by receiving surfaces —

 T S J X = Q F(x)-z-Sz 
14". 

As in FIG. 5, occulting means (not shown) can be 3 0 where 
provided at the boundaries between surfaces 13' and x = the maximum radius which the size and shape of 
14'(FIG. 6) and 13" and 14" (FIG. 7). the fragment permit. 

In order to obtain the maximum collection of light It may be assumed that, in all practical ore fragments, 
from outside the limited illuminated area of the body, F(x) is some inverse function, so that there is some lim-
it is desirable that the width of the transmitting surface 3 5 iting value of x, say xu within which most, say 90 per-
or surfaces 13, etc., should be small relative to the cent, of the scattered radiation lies. This parameter, xt, 
available receiving surface or surfaces 14, etc. The ar- is used to define the optimum dimensions of the illumi-
rangements of FIGS. 6 and 7 are preferable to that of nating area. In FIG. 10, the illuminated area ds is shown 
FIG. 5 in this respect, in that they can provide larger as a narrow strip, and an area a distant x from the strip 
illuminating surfaces without necessarily increasing the 4 0 is considered. As the strip ds is widened, indicated by 
width thereof. moving the lower edge of the strip away from a (see in-

Means other than fibre-optics can be used to provide terrupted lines), the proportion of light scattered from 
adjacent transmitting and receiving areas. a w h i c h originated at the lower edge of the strip ds falls 

FIGS. 8 - 1 2 illustrate how the optical design of a co- u n t i l i t i s insignificant, i.e., when the strip edge is JC, 
axial embodiment of the present invention may be ef- d i s t a n t f r o m fl E v i d e n t I y t h e maximum useful width of 
fected, partly by calculation and partly by experiment. t h e i u u m i n a t e d s t r i p d s i s I t i s a ! s o apparent that a 
It is desirable to direct as much light as possible on to s t r i p _ s h a p e d illuminated area is preferable to a circular 
the illuminated area of the ore fragment. This can be s h Q n t h e b a s i s o f t h e a b o v e a n a l y s i s > because it al-
done by using a bright light source, such as a xenon arc, 5 ( ) ,QWS a , a r e a o n w h j c h Ii h t c a n b e t h r o w n x h i s 
a laser, or a tungsten iodide or projector prefocus lamp, .g s i i f i c a n t i f t h e H h t s o u r c e i s b a s i c a „ t h e r m a , 
and by illuminating the largest feasible area The conju- g t u i o d i d e feut j s n Q t n e c e s s a r i l s i g n i f i c a n t 

gate foci are selected to give a depth of field sufficient f . r . • ,,. , , ? ... .. • .. - ... c if a laser is used because, with a highly colhmated to cope with the possible variations m position of the , . „ „ J? J , 
fragments. The size and shape of the illuminated area „ ^ U I , c e s u c h a

K
s a l a s f r ' P r a

f f C a " y a " e " f r g y f r o n ! 
projected on to the fragment is determined mainly by 5 5 t h e l a s e r c f " b e u s e d ' a n d t h e s h a P e o f t h e l l l u m l n a t e d 

the characteristics of the ore fragments. area merely determines its distnbution. 
FIGS. 8, 9 and 10 show some of the factors involved, * 18 therefore an important parameter, which can be 

related to the characteristics of the ore fragments, s is determined experimentally from actual ore fragments. 
the area of a fragment 5 illuminated by an incident Considering now the geometrical optics, the value of 
beam, /„, which is considered of uniform intensity. The x t I S a n important piece of data. Amongst other things 
flux, </>, scattered from a small area, a, of the fragment's i l helps to determine factors such as permitted magnifi-
surface can be estimated, as a double integral, as fol- cation, illuminating aperture dimensions, and size of 
lows (FIG. 9). occulting mask. 

Consider an element of 5, ds, within the bounds indi- g 5 For example, referring to FIGS. 11 and 12, in a coax-
cated by dO, dx, distant x from the small area a. ial arrangement such as that illustrated by FIG. 4, the 

The flux </> scattered from a is a function of the inci- size of the illuminated area h„ formed by projecting an 
dent flux, /„, dx, dO, and some function of x, F(*). illuminating aperture hB on to the fragment 5, is 
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htl = mh0, where m is the magnification, = Ll2/Lu 
( 5 ) 

If htl = x, as previously described, then 

h0 = xjm 5 
( 6 ) 

FIG. 11 shows the illuminating system. The returned 
light is pre-focussed over the illuminating aperture, as 
shown in FIG. 12. In FIG. 12, it is assumed that the ore 
fragment has been displaced axially through a distance 
8y ,2 from the position of best focus. In consequence, an 
image hi2 is formed at some distance L22 from the lens, 
and the light patch falling on the occulting mask will be 
larger than h0. This image is that of the light reflected 
directly from the surface of the fragment. The light in-
ternally scattered before re-appearing at the surface of 
the fragment is imaged outside image hi2 as previously 
described. 

If dhi2 is the increment in size of the light patch falling 2Q 
on the occulting mask, then it can be shown that 

Shx2 = D 8y12/m(m+l)/, 
( 7 ) 

where D is the diameter and fs is the focal length of lens 
18. The minimum effective size of occulting mask is 2 5 

thus 
hj = h0 + 8hi2 

( 8 ) 

Taking account of the fragment's characteristics, 3 0 

since 
h0 = xjm 

(f>) 
the occulting mask size, 

h _ i ( r I D*«» \ ftl-miIl+(m+l)/J (9) 

It is apparent from the above that to obtain the larg-
est value for Sy12, ie the largest depth of field, m should 4 0 
be large. 

A further consideration is the illumination efficiency 
of the system. This is determined firstly by the numeri-
cal aperture of the illuminating means, i.e., D/Llit and 
secondly the numerical aperture of the light-collecting 4 5 
means, i.e., DJL12. 

Combining these two, and assuming a Lambertian 
emitter for the illuminating source, the energy returned 
to the occulting mask is proportional to 

DV(L*n L2
12) = D*/m*L*lt = m2D*/(m+l )</\ = 50 

(m2N4)l(m+l)4 

( 10 ) 

where N = D//, 
This shows that for a given aperture D and first con-

jugate Lu, it pays to make m as small as possible. This 5 5 

is in contradiction to the depth-of-field requirement, so 
that a compromise has to be reached between the need 
to achieve a given depth of field and a good light effi-
ciency. 

The above analysis indicates the design procedure for 
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achieving a desired result, and it will be noted that the 
result depends on the experimentally determined ore 
characteristics. 

Some other factors which may also affect the design 
will now be considered. One of these is the size of the 
fragments. It may be that, for non-optical reasons, the 
fragments are too small to allow the full optimum illu-
minated area size, to be used. The main effect of this 
will be to restrict the size of illuminating aperture and 
hence the total signal for any given light source except 
a laser used in a collimated condition. 

Furthermore, it may be that the fragments are so 
large that they can accommodate several illuminated 
areas, in which case a multiple aperture system, e.g., of 
.parallel strips as in FIG. 6, can be used. 

Alternatively, the fragments may be such that they 
have only small areas of opacity which it may be impor-
tant to identify. In such cases, it will be necessary to use 
a relatively small illuminated area and to subject each 
fragment to several examinations. 

Additionally, the occulting means may have to be 
larger than purely geometrical considerations would 
suggest, because of, e.g., scattering at the fragment's 
surface from those areas directly illuminated to adja-
cent crystal facets, and also because of aberrations 
within the projection optics. These factors also may re-
quire an occulting area to be provided between the ad-
jacent illuminating (ie transmitting) and receiving sur-
faces. 

It will now be shown numerically how the relation-
ships established above affect the design of a system. 

The tolerated depth of field, SyI2, is determined 
mainly by two factors, viz. positional variations of the 
fragments, and size variations. Rewriting equation (7) 

8AB/By« = D/m(w+lVi = Wm(m+l)' 

the variation of occulting mask size with depth of field 
is found. From this expression the optical proportions 
of the system can be chosen, e.g.: Table 1 gives values 
of 8hi2/8yi2 for values of m and N: 

T A B L E 1 

N = 1 0.6 0 .2 0 .1 0.05 0.02 

m = l O.S 0.25 0 .1 0.05 0.025 0.01 

2 0.1167 0.0833 0. 0333 0. 01667 0.00833 0. 00333 

3 0.0833 0.0416 0. 0167 0.00833 0. 0M16 0. 00167 

i... 0.050 0.0250 0.010 0. 0050 0.0025 0.001 

5 . . . 0.0333 0.0167 0.00667 0.00333 0. 00167 0.000667 

The dividing line shows the permitted relationships of 
m and N to achieve a depth-of-field/aperture-change 
ratio of 100, viz. those relationships which give values 
on the right hand side of the line. The ratio of 100 is 
chosen by way of example and is not critical. 

The results of Table 1 are now compared with the il-
lumination efficiencies, as given by equation (10). 
Table 2 shows the value of m- N4l(m+1)4 for the 
same values of m and N as in Table 1. 

T A B L E 2 

N = 1 0.5 0 .2 0 .1 0.05 0.02 

m = l — - 6.25X10-2 3. 91X10-3 1X10"1 6. 25X10-» 3 .91X10- ' i x - » 
o 4. 94X10-2 3. 90X10-3 7.96X10-5 4. 94X10-" 3. 09X10-' 7. 96X10-" 
3 . . . . 3. 52X10-= 2. 20X10-3 5. 62X10-5 3. 52X10-5 2. 20X10"' 5 .62X10- ' 
4 2. 56X10-2 1. 60X10-3 4.10X10-5 2. 56X10-5 1. 60X10"' 4.10X10-" 
5 1. 93X10-2 . 1.20X10-3 3.08X10-5 1. 93X10-5 1. 20X10-' 3.08X10-" 
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Comparison of Tables 1 and 2 shows that to obtain 
a good depth of field together with the maximum light 
signal the optical system should be designed to use a 
large numerical aperture lens with a moderate magnifi-
cation. 5 

The foregoing analysis will now be applied to the de-
sign of a practical coaxial system using fibre optics by 
way of example. Let it be assumed that the ore is of 
such a nature that JC, = 0.1 inch (found experimentally) 
and that the average diameters of the fragments lie be- io 
tween 0.3 and 0.5 inch. Evidently an illuminated area 
of 0.1 inch diameter or width (depending on whether 
the illuminating aperture is circular or strip-like) can 
be used, since the surface from which scattered light of 
useful intensity is returned (0.3 inch edge-to-edge) will 15 
be within the bounds of the fragment. Allowing for an 
increase in returned image size of not more than 0.01 
inch for a 0.25 inch change in the position of the frag-
ment, i.e., 

20 

« h i J 8 y 1 2 = 0 . 0 4 , 

it is evident from Table 1 that with a magnification of 
four the largest numerical aperture is 0.5 ( = / / 2 ) , in 
which case the illuminating aperture h0 is 0.025 inch in 25 
diameter or width (dimension p in FIGS. 5 and 6). The 
occulting mask 19 requires to be at least 0.035 inch in 
outer diameter or edge-to-edge width (dimension q in 
FIG. 5). The full receiving aperture requires to be at 
least 0.3/4 inch in outer diameter or edge-to-edge 30 
width, i.e., 0.075 inch (dimension r in FIGS. 5 and 6). 

Taking a lens 18 of / /2 aperture and 1.5 inch focal 
length, the long conjugate L i2 is 7.5 inches and the 
short conjugate L„ is 1.875 inches. From Table 2 the 
illumination coefficient is 1.60 X 10~3, which is some 35 
104 times greater than a system using m = 1 and having 
the same depth of field. 

FIG. 13 shows a fibre-optic end-face designed in ac-
cordance with the above calculations, comprising a 
transmitting surface 113 and receiving surfaces 114. 4 0 

The latter are separated from the transmitting surface 
by occulting strips 119 which in this embodiment are 
pieces of aluminium foil aligned edge-on to the end-
face. The fibres and foils are embedded in a block 20 
of an epoxy resin in a known manner. The dimensions 4 5 

of this end-face are 

r = 0.135 inch 
p = 0.025 inch 
q = 0.035 inch 50 
t = 0.10 inch 

i.e., the surface 113 is 0.025 inch wide, the foils 119 
each 0.005 inch thick and the surfaces 114 each 0.050 
inch wide. 

The fibres from surface 113 are led to a light-source 
15 (see FIG. 4) suitably comprising a quartz-iodine 
lamp, and the fibres from the two surfaces 114 are led 
to a detector suitably comprising a silicon photo-diode 
as an alternative to the photomultiplier tube described 
hereinbefore. The lens 18 o f / / 2 aperture has a focal 
length of 1.5 inches and the lens conjugates are as cal-
culated above. 

Apparatus according to the present invention can be 
connected to control known means for physically sepa-
rating the opaque from the translucent bodies. Appara-
tus for ejecting selected bodies from a falling stream 
thereof using pneumatic jets is shown, for example, in 

5 5 
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U. S. Pat. Nos. 3,01 1,634, 3,097,744 and 3,075,641. 
FIG. 14 shows an example of the present apparatus so 
connected. Ore fragments from a bin 21 are fed to a 
moving belt 22 and fall from the end thereof as a 
stream 23. In falling, they pass before a housing 24 
which contains the lens 18 and fibre-optic endface of 
the present apparatus. The end-face is of the kind 
shown in FIG. 13 and has the long dimension ( 0 of its 
transmitting surface aligned horizontally. The fibres 11 
from the transmitting surface are led to light-source 
115 consisting of a quartz-iodine lamp and the fibres 
from the receiving surfaces to a detector 116 compris-
ing a silicon photo-diode. The output from the latter is 
fed to a control unit 25 which is connected to control 
a pneumatic valve 26. The latter is connected between 
a compressed air supply 27 and a nozzle 28. 

Below the nozzle 28 is a divider 29 located so that ore 
fragments undeflected by a jet of air from the nozzle 
fall to the right hand side thereof, but fragments de-
flected by a jet of air fall to the left hand side thereof. 
Bins 30 and 31 receive the fragments falling to the re-
spective sides. 

As the ore fragments pass before housing 24 they are 
illuminated by the present apparatus as hereinbefore 
described. If the resulting output from the photo-diode 
16 exceeds a preset threshold, this indicates that the 
fragment momentarily opposite housing 24 is primarily 
translucent (i.e., contains little or no uraninite), and, 
after a delay corresponding to the time of fall between 
housing 24 and nozzle 28, control unit 25 causes nozzle 
28 to emit a puff of air which deflects the fragment in 
question to the left hand side of the divider. Thus the 
uranium-containing (primarily opaque) fragments are 
not deflected and fall into bin 30, whereas the frag-
ments containing little or no uranium (primarily trans-
lucent) are deflected and fall into bin 31. The system 
can alternatively be arranged to deflect the primarily 
opaque (uranium-containing) fragments from the 
stream. 

Apparatus operating in the manner shown in FIG. 14 
has been applied to sorting fragments of Lake Elliott 
ore in the range 0.2 to 0.4 inch diameter, with results 
comparable to those given for the apparatus of FIG. 2. 

Although described with reference to its use for dis-
tinguishing uranium ore fragments, the invention is not 
limited to such ores but can be used for other minerals 
having variable translucency. It can also be applied to 
non-mineral bodies having appropriate translucency 
characteristics. 

We claim: 
I. A method for distinguishing between bodies ac-

cording to their translucency characteristics, said bo-
dies comprising fragments of ore and said fragments 
containing different amounts of an opaque mineral in 
a translucent matrix, said method comprising directing 
an illuminating beam from a source located at a dis-
tance from the bodies to illuminate a limited sharply 
defined area of the surface of a body and determining 
the amount of light emitted from the surface outside of 
but bordering said limited area, the second-mentioned 
step including imaging said limited sharply defined area 
and said bordering surface substantially at a plane in-
cluding areas which are respectively in light-
transmitting communication and non-communication 
with a light-sensitive detecting means, said limited 
sharply-defined area being imaged at said plane within 
the non-communicative area and at least part of said 
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bordering surface being imaged at said plane within the 
communicative area. 

2. A method as claimed in claim 1 further comprising 
using transversely dimensioned occulting means lo-
cated at said plane to substantially exclude light from 
said limited area of the image. 

3. A method as claimed in claim 1 wherein the 
opaque mineral is a uranium mineral such as uraninite 
and the matrix is substantially quartz or quartzite. 

4. A method for distinguishing between bodies ac- 10 
cording to their translucency characteristics, said bo-
dies comprising fragments of ore and said fragments 
containing different amounts of an opaque mineral in 
a translucent matrix, said method comprising directing 
an illuminating beam from a source located at a dis- 15 
tance from the bodies to illuminate a limited sharply 
defined area of the surface of a body and determining 
substantially only the amount of light emitted from the 
surface outside of but bordering said limited area while 
rejecting the light reflected back from said limited area, 20 
the second-mentioned step including imaging said lim-
ited sharply-defined area and said bordering surface 
substantially at a plane including areas which are re-
spectively in light-transmitting communication and 
non-communication with a light sensitive detecting 25 
means, said limited sharply defined area being imaged 
at said plane within the non-communicative area and at 
least part of said bordering surface being imaged at said 
plane within the communicative area. 

5. A method as claimed in claim 4 further comprising 3 0 

light-conducting means connected between said plane 
and said detecting means, said light-conducting means 
having a cross-section at said plane dimensioned to re-
ceive substantially only light from said image of said 
bordering surface and to exclude light from said image 3 5 

of said limited defined area. 
6. Apparatus for distinguishing between bodies ac-

cording to their translucency characteristics compris-
ing means located at a distance from the bodies for di-
recting an illuminating beam to illuminate a limited 4 0 

sharply defined area of the surface of a said body, and 
means for determining the amount of light emitted 
from the surface outside but bordering said limited 
area, the second-mentioned means including light-
sensitive detecting means and optical means for imag- 4 5 

ing said limited sharply defined area and said bordering 
surface substantially at a plane, said plane including 
areas which are respectively in light-transmitting com-
munication and non-communication with said light-
sensitive detecting means, and said optical means imag-
ing said limited defined area at said plane within the 
non-communicative area and imaging at least part of 
said bordering surface at said plane within the commu-
nicative area, said apparatus further comprising occult- 5 5 
ing means located at said plane and transversely dimen-
sioned so to prevent light from said limited area of said 
apparatus from reaching said detecting means. 

7. Apparatus as claimed in claim 6 wherein the opti-
cal axes of said illuminating and light-sensitive detect-
ing means are arranged to converge at the position of 
the body. 

8. Apparatus as claimed in claim 6 wherein the opti-
cal axes of said illuminating and light-sensitive detect-
ing means are coaxial and comprise common image- ^ 
forming means. 

9. Apparatus for physically separating relatively 
translucent from relatively opaque bodies comprising 

, 2 6 6 
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apparatus as claimed in claim 6 wherein the output of 
said light-determining means is connected to control 
physical separation means. 

10. Apparatus as claimed in claim 8 wherein the illu-
5 minating means and light-determining means com-

prises adjacent areas arranged respectively to transmit 
light to and to receive emitted light from said body, said 
transmitting area being connected via a first light-path 
to a light source and said receiving area being con-
nected via a second light-path to said photoelectric de-
tector. 

11. Apparatus as claimed in claim 10 wherein the 
common image-forming means is arranged, in relation 
to the positions of the bodies and of the transmitting 
and receiving, areas, so that said limited illuminated 
area of the body is a magnified image of the transmit-
ting area. 

12. Apparatus as claimed in claim 10 wherein a trans-
verse dimension of the transmitting area is smaller than 
a corresponding dimension of the adjacent receiving 
area. 

13. Apparatus as claimed in claim 10 wherein said 
transmitting and receiving areas are translucent sur-
faces. 

14. Apparatus as claimed in claim 13 wherein said 
translucent surfaces are the end-faces of fibre-optic 
bundle means forming said first and second light-paths. 

15. Apparatus as claimed in claim 14 wherein the 
transmitting area is a central area surrounded by an an-
nular receiving area. 

16. Apparatus as claimed in claim 14 wherein the 
transmitting area comprises at least one narrow strip 
located between two wider receiving areas. 

17. Apparatus as claimed in claim 16 wherein occult-
ing means are provided between the bundles forming 
the transmitting and receiving areas respectively adja-
cent said end-faces. 

18. Apparatus as claimed in claim 7 wherein the illu-
minating means is arranged to provide at least one nar-
row illuminating beam of light whose long dimension is 
aligned transversely to a path along which the bodies 
are arranged to move, whereby said bodies may inter-
cept said beam as they move. 

19. Apparatus for distinguishing between translucent 
bodies according to their translucency characteristics 
comprising means located at a distance from the bodies 
for directing an illuminating beam to illuminate a lim-
ited sharply defined area of a said body, and means for 
determining substantially only the amount of light emit-
ted from the surface outside but bordering said limited 
area while rejecting the light reflected back from said 
defined area itself, said second-mentioned means in-
cluding light-sensitive detecting means and optical 
means for imaging said limited defined area and said 
bordering surface substantially at a plane, said plane 
including areas which are respectively in light-
transmitting communication and non-communication 
with said light-sensitive detecting means, said optical 
means imaging said limited defined area at said plane 
within the non-communicative area and imaging at 
least part of said bordering surface at said plane within 
the communicative area. 

20. Apparatus as claimed in claim 19 further com-
prising light-conducting means connected between said 
plane and said detecting means, said said light-
conducting means having a cross-section at said plane 
dimensioned to receive substantially only light from 
said image of said bordering surface and to exclude 
light from said image of said limited defined area. 


