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My invention relates to illuminating appa 
ratus, and particularly to apparatus for use in 
the examination and comparison of materials, 
such as paper, cloth, intaglio printing plates, and 
the like, having a surface texture which’ may 
or may not have a directional characteristic. 
The principal objects of the present inven 

tion are to provide illuminating apparatus where 
by the surface texture of materials may be 
studied under light directed thereon at selected 
different angles of incidence, and to provide 
illuminating apparatus for such study which 
when used with materials having a one direc 
tional texture or ?nish shall permit the illumi 
nation to be applied perpendicularly to the di 
rectional characteristic of the surface being ex 
amined. 
‘Other objects of the invention are to provide 

an illuminating device in accordance with either 
or both of the above stated objects which shall 
produce a concentrated, high intensity beam of 
light, preferably of knife edge form, and which 
shall permit the angle of incidence of the beam 
of light upon the surface illuminated thereby to 
be readily varied from an angle at which the 
beam shall be parallel to and grazing the sur 
face to be examined, 1. e. a 90° angle of inci 
dence, to an angle approaching zero incidence; 
to provide, a surface illuminator of the class de 
scribed which may be conveniently adapted for 
use in conjunction with existing types of micro- 
scopes, the illuminator to be preferably of such 
design that the microscope can be used in either 
the vertical or the horizontal position, and to be 
so arranged that the illuminator may be used in 
conjunction with transmitted illuminationi to 
provide a variable angle surface illuminator of 
the class described which is so arranged that the 
optical center of the light beam produced by the 
illuminator shall intersect the optical axis of the 
microscope, preferably at a single point such as 
the top surface of the object or sample being ex 
amined by the microscope, for all possible angles 
of incidence of the illuminating beam; to pro 
vide a variable angle surface illuminator of such 
design that the intensity of the light on the sur 
face being examined shall, under all possible an 
gles of incidence, be suf?ciently high to permit 
the taking of photomicrographs with relatively 
short exposures; to provide an instrument and 
method by means of which it is possible to meas 
ure the relative depth of the roughness of the 
surface texture of a material by comparing the 
degrees of incidence of the light with which the 
hills and valleys of material are evenly illumi 

(CI. 88—40) 
nated and the distance between such hills and 
valleys by the use of a micrometer scale in the 
eye piece of the microscope; to provide an im 
proved apparatus for holding a sample of mate 
rial in position upon a microscope so as to make 
possible the most effective utilization of an illu 
minator in accordance with the previously stated 
objects; and generally, to provide an improved 
illuminator particularly adapted for use in con 
junction with microscopes. . 
.These and other objects of my invention will 

be made more apparent by reference to the ac 
companying speci?cation and the drawings, 
wherein 
Figure 1 is a perspective view of a microscope 15 

equipped with an illuminator in accordance with 
_ my invention; - 

Figure 2 is a schematic view showing the op 
tical system of the illuminator and microscope 
illustrated more completely in Figure 1; 0 

Figure 3 is a plan view of the illuminator and 
the stage of the microscope illustrated in Fig 
ure 1; 

Figure 4 is an elevational view similar to Fig 
ure 3; 

Figure 5 is an enlarged fragmentary view 
showing the features of the knife edge dia 
phragm forming a part of the illuminator illus 
trated more completely in Figures 3 and 4; 
Figure 6 is a plan view of the specimen holder 

used in conjunction with the illuminator of my 
invention; and ‘v 
Figure 7 is an elevational view of the speci 

men holder shown in Figure 6. 
v The illuminator of the present invention, as 
has been mentioned previously, is intended par 
ticularly for use in conjunction with a micro 
scope, and is shown as applied to such an instru 
ment in the drawings. The particular micro 
scope illustrated in Figure 1 includes a heavy U 
shaped base I of the conventional type upon 
which the tube 3 of the instrument and the stage 
5 are pivotally supported as an integral unit, 
in order that the instrument may be used in 
either the horizontal or the vertical position. A 
re?ector l of conventional type is adjustably sup 
ported beneath the stage 5. The ‘stage is of the 
usual platform type and comprises a rectangu 
lar metallic plate having a suitable opening 8 
therein for admitting light from the re?ector ‘I 50 
to the sample. 
The illuminator 9, as is illustrated particularly 

in Figures 1, 3, and 4, includes an elongated light 
tube ll preferably formed of sheet metal. A 
generally cylindrical lamp housing I: is arranged ‘5 

a 



atoneendofthistube il,theotherendthereof 
being normally open, and a light bulb I4 is po 
sitioned within this housing with the ?lament 

' thereof coincident with the axis of the light tube 

10 
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ii. In one embodiment of the invention, I have 
utilised most successfully an 8 volt 2 ampere 
bulb having a single coil ?lament mounted per 
pendicularly to the axis thereof, the ?lament 
coil being .0238 inch in. diameter and having a 
length of .284 inch. Such bulbs are sold under 
the trade number of .14. _ 
A double convex condensing lens ll of the or 

dinary type is mounted within the light tube ii 
in such position that the light given off in the 
bulb it will be concentrated into a beam having 
the general form illustrated by the dash lines. 
llinl'lguresland?. Asloti‘lisprovidedin 
the wall of the light tube ll adjacent the open ‘ 
end thereof for receiving ?lters or similar equip 
ment, and a generally U-shaped support it for 
a cooling cell or the like is adjustably supported 
upon the light tube ii adjacent the open end 
thereof. 

. In order to permit convenient ‘control of the 
intensity of the light beam, the illuminator O is 
equipped with a knife edge diaphragm, the fea 
tin'es of which are illustrated particularly in Fig 
ure 6. Ibsentiallv. this diaphragm comprises two 
sets of link members II and 22' pivotally con 
nectedtoeachothertoformaparallelbarlink 

which is supported upon the light tube ll 
cans of a pair of L-shaped brackets Ii. The 
members II are movable within the slot l1 

adjustable area. The separation of the link mem 
bers II, and hence the area of the aperture 23, 

' is readily adjustable by means of an extension 
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84 on one end of one of the shorter link mem 
bers II. .A second position of the diaphragm 
is indicated by the dotted lines of Figure 5. 
The light tube ii and the associated struc 

tural elements are supported as a unit upon any 
elongated, relatively rigid support arm II 
through the agency of a pair of short time mem 
bers 20. To permit angular adjustment of the 
ilhnninator during use, the elongated support 
arm II is pivotally connected to a U-shaped 
bracket 21 through the agency of a suitable pivot 
pin 2., the bracket 21 being adapted to be 
clamped to the stage I of the microscope with 
which the illuminator is used by means of a pair 
of thumb screws Ii. The pivot pin 20 is thread~ 
ed at its outer end and provided with a locking 
nut 32 in order that the illuminator may be 
locked'in position during use. a counter weight 
as is a?lxed to the outboard end of the elon 
gated support arm II for balancing the illumi 
nator and thereby aiding in accomplishing con 
venient adjustment thereof during use. 
In order that the illuminator of the present 

invention may be used to the best advantage, it 
is desirable that some means be available where 
by the angle of incidence of the beam upon the 
surface of the sample or object being examined 
may be conveniently and accurately measured. 
One satisfactory arrangement of this type is il— 
lustrated in the drawings. and includes a scale 
II a?lxed to the upper surface of the main sup 
port arm II and adapted to move therewith. A 
pointer 81 rigidly supported upon the upper por 
tion ofthe bracket memberl‘l cooperates with this 
scale so that the relative angular relationship of 
the microscope stage I and the light beam of the 
illuminator may be conveniently measured. 

a,144,'ess 
_ As will be noted from inspection of 
when the illuminator is clamped in position the 
axis of rotation of the support arm II, 1. e. the 
axis of pin 2!, lies in a plane substantially coin 
cident with the plane of the stage I, and dur 
ing the clamping operation this axis may be 
easily adjusted to coincide with the optical axis 
of the microscope with which it is used. Thus, 
whm the sample under observation is a ?at sheet 
of paper or cloth or. has a surface coincident with 
the plane of the stage. the scale readings are an 
exact measure of the‘ angle of incidence of the 
illuminator beam upon the surface of the sample, 
and when other type of objects or samples are 
being examined, suitable correction may be easily 
made. ' 

The optical constants of the condensing lens 
is are such that the beam produced by the li 
luminator is focused substantially at the axis 
of rotation of the illuminator, which axis when 
the apparatus is properly set up intersects the 
optical axis of the microscope. Through this 

- arrangement the accuracy of measurements based 
upon the angle of incidence of the light beam 
produced by the illuminator is assured. This 
characteristic of the device is particularly well 
illustratedinl'igurezwhereinthepathofthe 
light beam from the illuminator is indicated by 
the dash lines I‘. and the axis of the microscope 
is indicated by the line II. The utility of meas 
urements by this method will be greatly aug 
mented if the eyepiece of the microscope is pro 
vided with a micrometer scale. 

'Ihe relation of the light source, the lens. and 
the diaphragm of the illuminator are such that 
a beam of substantially knife edge form is pro 
duced during the operation of the illuminator, 
and the several elements of the illuminator are 
so correlated that the width of this beam is 
suiiicient at small angles of incidence to give an 
even illumination of the area covered by > the 
microscope objective being used. ‘ 
To accomplish the most satisfactory operation 

of the illuminator, and to derive the maximum 
bene?t from examinations made through'the use 
thereof, it is necessary that the sample holder 
shall hold every part of the sample perfectly ?at. 
while at the same time being free from any ob 
structions that would prevent the granng beam 
of the illuminator from being directed upon-the 
surface of the sample. A holder capable of meet 
ing these requirements is illustrated particularly 
inll'iguresil, 4,6,and'1,and,aswillbeseenby 
reference to those ?gures, includes a metallic slide 
or plate ll having an opening I! formed therein 
which is adapted to coincide with the opening I 
in the stage I of the microscope and a generally 
Y-shaped clip or arm II the opposed side portions 
of which extend along the opening 42 in the 
center portion of the plate. The clip is pivotally 
supported upon the plate Ii by means of a pair 
of upwardly extending bracket members 44 and 
a pivot pin 4‘, and the side portions thereof are 
biased into engagement with the plate by means 
of a spring 41. It will be apparent that this 
sample holder will serve to hold a piece of paper, 
cloth, or other material perfectly ?at. while at 
the same time permitting the light beam to gram 
the surface of the sample without obstruction. 
In the foregoing, I have disclosed the features 

of a novel illuminating apparatus particularly 
intended for use in conjunction with microscopes 
and the like. The illuminator of my invention 
produces a concentrated beam of light of readily 
controlled intensity and includes means whereby 
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that beam may be directed upon the sample un 
der observation at any predetermined angle of 
incidence. Through this arrangement, it ispos 
sible to make measurements of the relative di 
mensions of the texture or surface of a sample, 
and the device has proven‘ in actual practice a 
most valuable adjunct to the art of microscopy. 
The illuminator of my invention can be readily 

applied to existing forms of microscopes, and 
when so applied may be conveniently adjusted 
so that the optical center of the illuminating 
beam will at all times intersect the optical axis 
of the microscope?if desired, at a fixed point, 
which point is preferably but not necessarily the 
surface of the sample under observation. The 
improved illuminator of my invention is capable 
of producing suillcient illumination under all 
angles of incidence to permit the taking of photo 
micrographs with relatively short exposures. 
Flu'ther, since the illuminator is entirely sup 
ported upon the stage of the microscope with 
which it is used, the microscope may be used in 
either the vertical or the horizontal position. The 
design of the illuminator of my invention is such 
that it may be used in conjunction with illumi 
nation by transmitted light. As mentioned pre 
viously, the illuminator of my invention greatly 
extends the useful range of a microscope as a 
measuring instrument. 

Various modifications may be made in illumi 
nators embodying the principles which I have 
herein disclosed. It is my intention, therefore,’ 
that the accompanying claims shall be accorded 
the broadest reasonable construction consistent 
with the state of the art. ' I 
I claim the following as my invention: 
1. In combination, a microscope having a stage, 

and a variable angle'illuminator for illuminat 
ing the surface of objects podtioned upon said 
stage, said illuminator including a light tube, a 
source of illumination and a lens'cooperating 
with said light tube to produce a concentrated 
beam of light, a frame, means rigidly attaching 
said frame to said stage, and pivot means sup 
porting said light tube on said frame for rotation 
about an axis which intersects, and which extends 
generally transversely to, the axis of said light 
beam, said pivot means being so podtioned rela 
tive to said light tube and said frame that the 
axis of said light beam will at all times‘ intersect 
the axis of‘ rotation of said light tube and beam 
at a fixed point. 

2. In combination, a microscope having a stage, 
and a variable angle illuminator for illuminating 
the surface of objects positioned upon said stage, 
said illumi'nator‘including a light tube. a source 
of illumination and a lens cooperating with said\~ 
light tube to produce aiconoentrated beam of 
light, a frame which includes ‘an adiustable clamp 
by which said frame is adiustably aiilxed to the 
stage of said microscope, and pivot means sup 

3 
porting said light tube on said frame for rota 
tion about an axis which intersects, and which 
extends generally transversely to, the axis of said 
light beam, said pivot support means being so 
positioned relative to said light tube and said 
frame that the axis of said light beam will at all 
times intersect the axis of rotation of said light 
tube and beam at a ?xed pointintermediate the 
microscope objective and said stage, which point 

' may be adjusted by means of said adjustable 
clamp to coincide with the optical axis of said 
microscope. , . 

3. In combination, a microscope having a gen 
erally flat stage, and a variable angle illuminator 
for illuminating the surface of objects positioned 
upon said stage, said illuminator including a light 
tube, a source of illumination‘ and a lens both 
disposed within said light tube and cooperating 
therewith to produce a concentrated beam of 
light, a frame .provided with a clamp by which 
said frame is adjustably a?lxed to the stage of 
said microscope, means pivotaliy supporting said 
light tube on said frame for rotation about an 
axis which intersects, and which extends sub 
stantially at right angles to, the axis of said light 
beam, said support means and said frame being 
so arranged that the axis of said light beam will 
at all times intersect the axis of vrotation of said 
light tube and beam at a ?xed point, the physical 
proportions of said frame and clamp and the 
physical proportions and optical constants of said 
illuminating means being such that said point 
of intersection of the axis of said light beam and 
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said axis of rotation may be adjusted by adiust- - 
ment of said clamp to intersect the optical axis ‘ 
of said microscope at a point coincident with the 
upper surface of a sample located upon said stage, - 
said support means permitting said light tube to 
be rotated so that the angle of incidence of said 
beam relative to the plane of said stage may be 
varied from 90° to a relatively small angle, and a 
cooperating scale and indicator means, one of 
which is supported upon said frame and the other 
of which is rotatable with said light tube for 
indicating the angle of .incidence of said beam. 

4. A variable angle illuminator for a micro-. 
scope comprising a light tube, a source of illumi 
nation and lens means cooperating with said light 
tube to produce a concentrated beam of light, a 
frame structure including an adjustable clamp by 
which‘ said frame structure isadjustably aiilxed to 
the stage of the microscope with which said illu 
minator is used, and means pivotaliy supporting 
said light tube on said frame for rotation about 
an axis extending generally transversely to the 
axis of ‘said light beam, said support means being 
so positioned relative to said light tube and said 

_ frame that the axis of said light beam means will 
at'ali times intersect the axis of rotation of said 
light tube at a fixed point. - 

' ' JOHN H. GRAB‘. 
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