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MEASURING HEAD (71)   We,  GRETAG   AKTIENGESELL-  photoelectric
measurement of the diffusely SCHAFT   of  Althardstrasse 70,  8105
reflected light, for only photomultipliers Regesdorf,  Switzerland, a
Swiss  Body  have a large enough light entry aperture or Corporate, do
hereby  declare  the  in-  a large enough light-sensitive surface plus 5
vention, for' which we .pray that a patent  adequate sensitivity but they
are expensive. 50 may be granted to us, and the method by    Apart from
some  special purposes, which it is to be performed, to be particu-
photomultipliers are being used less and larly described in and by the
following  less; their places being taken more and statement:-
more by semiconductor photoelectric con- 10   The invention relates to a
measuring  verters such  as silicon  planar diodes, 55 head for determining
the optical diffuse re-  because of their cheapness and because * flection
properties of an object.        they are simple and easy to use. However,
Determinations of the optical reflected  since large size semiconductor
elements. are diffusion properties of surfaces can of  more costly, they
have not yet been used, 15 course provide predictable  results only
despite their great advantages, for diffuse 60 when carried out to specific
standards. US  reflection measuring heads, at least for the Standard PH
2.17-1958 is one such stan-  kind having the beam path defined above. dard.
One of its requirements is that the  Of course a collecting optics systems
able object or target should be illuminated by a  to cope satisfactorily
with the smallness of 20 beam having an angular size of [err] and  such
semiconductor elements. could be de- 65 incident normal to the target
surface and  vised, e.g. by means of complicated ellip- that only the light
which is diffusely re-  soid mirrors and/or lens systems com- flected over
an angle of [err] [err] [err] to the  prising a number of lens elements,
but they input slot should  be  examined.  Re-  would be very elaborate and
would reduce 25 versibility is permitted but has a. less  the  cost
advantage of  semiconductor 70 favourable energy balance. and is therefore
elements over photomultipliers. less suitable, more particularly in cases
It is therefore an object of the invention where only relatively weak light
sources  to improve the measuring head referred to are available.
above so that it can use small photo 30   In one known measuring head  com-
semiconductors to evaluate the diffusely re- 75 prising projection optics
for illuminating  flected light. the measured object or target and collect-
In accordance with the invention we ing. optics having a silvered ring for
the  provide a. head for measuring the. diffuse light diffusely reflected
by the target at a  reflectivity of an area of a surface, said 35
predetermined angle to the optical axis of  head comprising a first optical
system 80 the projection optics the ring takes the  projecting a beam  of
light onto a pre- form  of a simple conical silvered mirror  determined
area of a surface whose diffuse which projects light diffusely reflected by
reflectivity is to be measured, a transparent the target on the entry
aperture of a  member mounted to transmit light diffusely 40
photomultiplier. Unfortunately conical mir-  reflected from said surface, a
plane mirror, 85 rors suffer from spherical aberration, with  a spherical
mirror mounted to reflect light the result that the usually. very small
spot  transmitted by said  member onto  said of the target cannot be'
imaged on a corm-  plane mirror, and a second optical system parably -small
surface. In practice therefore  for imaging the light reflected from said
45 it is necessary to use photomultipliers for  plane mirror.
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2 Mere  is also  provided  a head -for  passing through a lens 15 to
impinge on measuring the diffuse reflectivity of an area  reflecting mirror
2 is reflected thereby into of a surface, said head comprising a light  the
shaft or tunnel 1 and concentrated by    . source, a'first plane light
reflective surface,  collecting lens.3 on to a measurement spot 5  a first
optical system projecting light from   or target 16, of e.g. approximately
3 mm  70 



said source onto said first plane reflective  diameter, on a surface 17
whose diffuse re- surface, a transparent plate having parallel  flection is
required to be measured. As surfaces and defining an aperture centrally
specified in the aforementioned U.S. Stan- therein a plane mirror below
said plate, a  dard, the light beams 18 are incident on 10  second optical
system  projecting light re-  surface 17 at angles in the region of from 75
flected from said plane surface through the  85 to [err]. Some of the light
reflected dif- aperture in said plate onto an area of a  fusely by. the
target 16 passes through the surface whose diffuse reflectivity is to be
window 6, the glass plate 4, and impinges measured, a  spherical annular
mirror  on the spherical ring mirror or silvered 15 mounted above and
coaxially with said  ring 10, where it is reflected back through 80 plate'
to receive light diffusely reflected  the glass plate 4 onto mirror 5 and
back from said surface to be measured through   again through the glass
plate 4 onto the the transparent plate and reflect the dif- aplanate 11
which projects it on the photo-. fusely reflected light back through said
diode 13. The geometry of the complete 20 plate onto said plane mirror, a
photo sen-  system is such that the photodiode receives 85 sitive element,
and a third optical system   only light which has been diffusely re- having
a magnification less than unity and  flected at angles of approximately
[err] [err] mounted to image light from  said: plane  [err] to the surface
17. mirror onto said photo sensitive element..   The optics for collecting
the diffusely re- 25   The head described herein as a preferred  flected
light comprises four parts -  the 90 embodiment of-the invention employs a
sil-  plane parallel glass plate 4, the -spherical vered ring which is
spherical, a transparent  ring mirror 10, the plane ring mirror 5 and plate
disposed in the path of the beam in  the aplanate 11 -.and all these items
can the collecting optics before the silvered  be produced fairly simply
and cheaply. 30 ring, and a substantially plane silvered ring  The main
function of the plate 4 is to re- 95 mirror and. reducing optics disposed
in  move the spherical aberration caused by such path after the spherical
silvered mir-  the mirror 10. The plate 4 if made of or- ror;
dinary glass having a refraction index of The preferred embodiment of the'
in-  approximately 1.55 .has a thickness of ap- 35 vention will be
described in greater detail  proximately 0.15 to.0.25 times the radius 100
hereinafter with reference to the accom-  of curvature of the spherical.
mirror 10. panying drawing, which is a longitudinal  Another feature which
has been found to section through a measuring head accord-. be convenient
in practice is for the system ing to the' invention; merely those parts  to
be designed so that the magnification 40 which are important to the
invention being  provided by the elements 4, 10, and 5 is 105 shown.
approximately .3 or less. This feature is The  main .element of the
complete  directly related to the aplanate 11, since system is a light
tunnel or shaft: I which is  the maximum  reduction which the same open at
both its ends and which has a  can provide is somewhere in the region of
45. plane reflecting mirror 2 at its top end.' A   3, depending upon the
glass quality. Of 110 collecting lens 3 is disposed approximately
course,'the above features only relate to at the centre of the shaft or
tunnel 1. Dis-  those cases in which the active surface of posed at the
bottom end thereof is an an-  the photodiode is of approximately the nular
plane parallel glass plate 4 having an  same size as the illuminated area
of the' 50 annular mirror 5 vapour-coated to its un-  target. The
magnification requirements are 115 derside 4. The mirror 5 does not cover
less important for relatively large photo- the complete' under-surface of
plate 4 but  diodes. However, since  photodiodes of leaves an annular
light-transmitting window   more than 3 'mm diameter are more costly 6
free.           '         '         '    and since there are virtually no .
photo- 55  ' An annular glass member 8 is mounted  diodes commercially
available with dia- 120 above the plate 4 by a spacing ring 7, and  meters
of more than 6 mm, there are limits has on its underside a spherically
curved  to the size of photodiodes which can be concave annular surface 9
having vapour-  used. coated thereon a ring mirror'10.             An
appropriate lens system  could be 60   Above mirror 2 is an aplanate or
rapid  used instead of the aplanate 11 and the 125 rectilinear lens 11
having a plane light exit  photodiode 13 could be located at a dis- surface
12 to which is. secured a photo-  tance from the aplanate instead of
directly electric converter in the form of a silicon  thereon. Nor need the
glass plate 4 be planar diode 13.                          plane and
parallel; for instance, it could' be 65    Light emitted by a light source
14 and  in the form of a spherical shell. In this 130    3
1525 150                                3 event, however, the shell radii
should be  flectivity of an area of a surface, said head 



not less than approximately 3 times the  comprising;
60 radius of curvature of the spherical ring    a light source, mirror. The
main factor -  this applies to   a first plane light reflective surface, 5
all the parts of the measuring head -  is    a first optical system
projecting light easy and simple manufacture. It is not es-  from said
source onto said first plane re- sential for the mirrors 10, 5 to be
formed. flective surface,                        65 as vapour coatings on
glass substrates. It is    a transparent plate having parallel sur-
convenient for the plane mirror to be in  faces and defining an aperture
centrally 10 optical contact with the plate 4 only if dis-  therein, posed
on the underside thereof. Nor is the    a plane mirror below said plate,
latter feature essential, but it helps to re-    a second optical system
projecting light 70 duce the  overall size  of the  complete  reflected
from said plane surface through measuring head. Any appropriate plastics
the aperture in said plate onto an area of 15 can  be used instead  of
glass for the  a surface whose diffuse reflectivity is to be various
transparent items.                 measured, a  spherical annular mirror
mounted 75 WHAT WE CLAIM  IS: -                     above and coaxially
with said plate to re- 1. A head for measuring the diffuse re-  ceive light
diffusely reflected from said sur- 20 flectivity of an area of a surface,
said head  face to be measured through the trans- comprising;
parent plate and reflect the diffusely re- a first optical system
projecting a beam   flected light back through said plate onto 80 of light
onto a predetermined area of a  said plane mirror. surface whose diffuse
reflectivity is to be    a photo sensitive element, and 25 measured,
a third optical system  having a mag- a transparent member mounted to
trans-  nification less than unity and mounted to mit light diffusely
reflected from said sur-  image light from  said plane mirror onto 85 face,
said photo sensitive element. a plane mirror,                            8.
A head according to claim 7 wherein 30   a spherical mirror mounted to
reflect  said spherical annular mirror comprises an light transmitted by
said member onto said  annular member coaxial with said plate, plane
mirror, and                          said member having a concave spherical
90 a second optical system for imaging the   surface on which is deposited
a coating light reflected from said plane mirror.    forming said spherical
mirror. 35   2. A  head  according  to  claim  1,    9. A  head according
to claim  8 in- wherein the member is a plane parallel  cluding a spacing
ring spacing said annula transparent plate having a thickness ap-
transparent member from  said  spherical 95 proximately 0.15 to 0.25 times
the radius  mirror. of curvature of the spherical mirror.        10. A
head  according  to  claim  9 40   3. A   head  according  to  claim  2,
wherein said plane mirror comprises an an- wherein the plane mirror
comprises a coat-  nular reflective coating on the under sur- ing on one
surface of the plate, remote  face of said transparent annular member.
100 from the surface facing the spherical mir-    11. A  head  according
to  claim   7 ror.                                       wherein said photo
sensitive element com- 45   4. A head according to claim 2 wherein  prises
a silicon photo diode. the enlargement provided by the plate, the   12. A
head for measuring the diffuse spherical mirror and the plane mirror is at
reflectivity of an area of a surface sub- 105 most approximately 3:1.
stantially as described herein with reference 5. A head according to claim
I wherein  to the accompanying drawing. 50 the second optical system
comprises  a    TREGEAR, THIEMANN & BLEACH, rapid rectilinear lens.
Chartered Patent Agents, 6. A  head according to claim  2 in-
Enterprise House. cluding an annular spacing ring interposed
Isambard Brunel Road, between said plate and the spherical mir-
Portsmouth P01 2AN 55 ror, said spherical mirror comprising a e-
-  and- flective coating on one surface of said an-          49/51, Bedford
Row, nular ring.                                          London, WC1V 6RU
7. A head for measuring the diffuse re-         Agents for the Applicants.
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not less than approximately 3 times the  comprising;
60 radius of curvature' of the spherical ring    a light source, mirror.
The main factor -  this applies to    a first plane light reflective
surface, 5 all the parts of the measuring head -  is    a first optical
system  projecting light easy and simple manufacture. It is not es-  from
said source onto said first plane re- sential for the mirrors 10, 5 to be
formed  flective surface,                       65 as vapour coatings on
glass substrates. It is    a'transparent plate having parallel stir-
convenient for the plane mirror to be in  faces and defining an aperture
centrally 10 optical contact with the plate 4 only if dis-  therein, posed
on the underside thereof. Nor is the    a plane mirror below said plate,
latter feature essential, but it helps to re-    a second optical system
projecting light 70 duce the overall size of the complete  reflected from
said plane surface through measuring head. Any appropriate plastics  the
aperture in said plate onto an area of 15 can be used instead of glass for
the  a surface whose diffuse reflectivity is to be various transparent
items.                 measured, a  spherical annular mirror mounted 75
WHAT WE CLAIM IS: -                     above and coaxially with said plate
to re- 1. A head for measuring the diffuse re-  ceive light diffusely
reflected from said sur- 20 flectivity of an area of a surface, said head
face to be measured through the trans- comprising;
parent plate and reflect the diffusely re- a first optical system
projecting a beam   flected light back through said plate onto 80 of light
onto a predetermined area of a  said plane mirror, surface whose diffuse
reflectivity is to be    a photo sensitive element, and 25 measured,
a third optical system  having a mag- a transparent member mounted to
trans-  nification less than unity and mounted to mit light diffusely
reflected from said sur-  image light from  said plane mirror onto 85 face,
said photo sensitive element. a plane mirror,                            8.
A head according to claim 7 wherein 30   a spherical mirror mounted to
reflect  said spherical annular mirror comprises an light transmitted by
said member onto said  annular member coaxial with said plate, plane
mirror, and                          said member having a concave spherical
90 a second optical system for imaging the  surface on which is deposited a
coating light reflected from said plane mirror.    forming said spherical
mirror. 35   2. A  head  according  to  claim  1,    9. A  head according
to claim  8 in- wherein the member is a plane parallel  cluding a spacing
ring spacing said. annula transparent plate having a thickness ap-
transparent member from  said spherical 95 proximately 0.15 to 0.25 times
the radius., mirror. of curvature of the spherical mirror.        10. A
head  according  to  claim  9 40   3. A  head  according  to  claim  2,
wherein said plane mirror comprises an an- wherein the plane mirror
comprises a coat.  nular reflective coating on the under sur- ing on one
surface of the plate, remote  face of said transparent annular member.  100
from the surface facing the spherical mir-    11. A  head  according  to
claim   7 ror.                                      wherein said photo
sensitive element com- 45   4. A head according to claim 2 wherein  prises
a silicon photo diode.. the enlargement provided by the plate, the    12..
A head for measuring the diffuse spherical mirror and the plane mirror is
at  reflectivity of an area of a surface sub- 105 most approximately 3:1.
stantially as described herein with reference 5. A head according to claim
1 wherein  to the accompanying drawing. 50  the second optical system-
comprises  a    TREGEAR, THIEMANN & BLEACH, rapid rectilinear lens.
Chartered Patent Agents, 6. A  head according to claim  2 in-
Enterprise House, cluding an annular spacing ring interposed
Isambard Brunel Road, between'said plate and the spherical mir-
Portsmouth P01 2AN 55 ror, said spherical mirror comprising a e-
-and - flective coating on one surface of said an-        49/51, Bedford
Row, nular ring.                                         London, WClV 6RU
7. A head for measuring the diffuse re-         Agents for the Applicants.
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