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This invention relates’to a monochromator of the suc 
cessive dispersion type and: has for an object the provi 
sion of an improved andsimpli?ed focusing arrangement. 
‘The present invention‘ is Y applicable to the spectral 

‘systems of such instruments as the spectroscope, spec 
trometer, spectrograph, spectrophotometer, and the like, 
as will be understood after a detailed‘description of the 
features as applied to a monochromator. 
system of a monochromator forms a series of images of 
its entrance .slit in theplane. of the exit‘ slit——one for 
each wavelength. The exit slit is of such size and is so 
placed that only a small area of this array of images is 
observed at one time. 
‘an increase in dispersion of the various images will permit 
the observation ofa narrower wavelength band for a 
given size of image and of exit slit. The increase in 
dispersion may be obtained by successive dispersions, 
i. e., by passing'the light or radiant energy‘ a second 
time through the ‘same dispersing system in the mono 
chromato-r or by passing 'the radiant energy through addi 
tional dispersing systems. The present invention is ap 
plicable to all of the foregoing systems. > 

In successive dispersion monochromator systems of 
the foregoing type, there are included radiant energy dis 
persing means, for example, such as one or more grat 
ings or prisms and a pair of angularly related mirrors 
vfor directing, the radiant energy through the system to 
provide successive dispersion. In carrying out the pres 
ent invention in one form :thereof, the mirrors are pro 
vided with means for supporting them in a predeter 
mined angular relationship with respect ‘to each other 
and alongthe optical path of the system. The support 
for the mirrors is adjustable forward and backward along 
the optical path ‘of the system to provide a. coarse focus 
adjustment. The mirror‘support is also adjustable about 
an axis parallel to the path of a ray passing'between 
the centers of the angularly related mirrors to provide 
adjustment of the central ray relative to the center of 
the dispersing means and the support is further adjust 
able about an axis parallel tothe intersection of the 
planes of the angularly related mirrors which axis must 
be located closer to one mirror than to the other to pro 
vide a ?ne focus adjustment. 

In a preferred form of the invention the support for 
the angularly disposed mirrors comprises a plate sup 
ported by three adjustment screws disposed with relation 
to each other so that the two axes joining adjacent pairs 
of screws form a right angle. With this arrangement 
the support for the mirrors may be rotated about either 

' axis by adjustment of only one of the screws as later to 
be described more in detail. 
For a more detailed disclosure of the invention and 

for further objects and advantages thereof, reference is 
to be had to the following description taken in conjunc 
tion with the accompanying drawings in which: ‘ 

Fig. 1 diagrammatically illustrates in perspective a 
double-pass monochromator system embodying the pres 
ent invention; 

The optical ‘ 
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Figs. 2-4 are diagrammatic views useful in explaining 
the adjustment and focusing'features of the present in 
vention; - 

Fig. 5 is an end elevation of a slit and mirror mount 
ing assembly for a double-pass mono-chromator of the 
type illustrated in Fig. 1; e a ' 

Fig. 6 is a bottom plan view of Fig. 5; _ 1" 
Fig. 7 is a rear view of Fig. 5; 
Fig. 8 is a view partially in section taken along the 

lines 8-8 in Fig. 5 and 2 ~ , f; 
Figs. 9 and 10 are other types of optical systems em 

bodying the present invention. “ “if 
Referring to Fig. 1, there is shown diagrammatically 

a monochromator system '10 of the type which is dis 
posed symmetrically» with respect to a central optical ‘axis 
0, such asthe type disclosed in Fastie Patent 2,757,568. 
While the entrance and exit slits 11 and 12 respectively 
made vbe of any desired shape such, for example-pas 
straight or curved, they preferably are of the ‘curved 
or arcuate type as described in the aforesaid patent and 
Patent 2,750,836 which is a continuation-in—part thereof. 
The speci?c construction and locations of theeurved 
slits disclosed herein, however, are different from those 
disclosed in the aforesaid patents. As may be seeniin 
Fig. 1, radiant energy willenter the‘ entrance slit ‘11 

- from a source and it will pass‘ to an area-of the con 

From this it will be seen that ' 

30 

45 

55 

70 

cave spherical mirror 13 as indicated byline 21. The 
entrance slit 11 is disposed to one side» of axis 0 of the 
mirror 13 and is disposed slightly above the-horizontal 
axis H.‘ The radiant energyis redirected from mirror 
13 in parallel rays as indicated by line 22 to a dispers 
ing means 14 of any suitable type, a plane re?ection 
grating being illustrated. The grating 14 in face-to-face 
relationship with the mirror‘13, is located along’ the 
axis 0 and has an angular position for directing dispersed 
radiant energy to a second area of the mirror .13 as indi 
cated by line 23. The mirror 13 redirects the dispersed 
radiant energy indicated by line 24 to the surface of 
the angularly'disposed mirror 15. The re?ectingsur 
face of mirror 15 is disposed to redirect the dispersed 
radiant energy along a line 25 to a second mirror surface 
16. The mirror 16 directs the dispersed radiant-energy 
through the monochromator system for a second time 
as indicated by broken lines 26, .27, 28 and 29 and thus 
the radiant energy received ‘at the exit slit 12 has been 
subjected to successive dispersions. ' 
The optical system of the monochromat'o-r illustrated 

in Fig.- l in so. far as the concave mirror 13 and reflect 
ing' grating 14} are concerned has as one of its imaging 
properties that of symmetry about'the optic axis 0 so 
that any object in the focal plane will be imaged on 
the opposite end of the diameter of the circle which has 
the optic axis for its center and which passes through 
the object, all being such as is described in the aforesaid 
patents which disclose single~pass instruments. Use 'is 
made of this property in the successive-pass or double 
pass instrument shown in Fig. 1. The entrance. slit 11 
is disposed'above the horizontal plane, de?ned by the 
horizontal axis H and the optic axis 0. This entrance 
slit would be imaged below that plane ‘at the, opposite 
endof the diameter of a circle. as mentioned above’were 
it not- for mirror 15. Following, for example; a central 
ray from the entrance slit it is to be noted that mirror 
15 re?ects this central ray horizontally to mirror 1‘6'as 
indicated by line 25. The rays including the central ray 
form an image of the entrance slit between mirrors 15 
and 16 which serves as a virtual object for the second 
pass through the optical system. This virtual object, 
which is below the horizontal plane H, is then imaged 
above the plane at the exit slit 12, thus providing ver 
tical displacement of the second pass of radiant energy 
from the ?rst pass.’ . V ' - . 



.theentrance and exit slits. 

.plished by moving one slit along a line parallel to the 

._?ed by,,reference. characters 15" and 16". 

‘2,868,063 

7 The re?ecting surfaces of mirrors 15mand16 prefer 
ably are plane and for ‘convenience in construction they 
have been illustrated in Fig. 1 as comprising right angle 
vprisms having their diagonal face silvered to provide the 
,re?ecting surface. The mirrors >15 and 16 are mounted 
on a holder, as later to be described, which in turn is 
vcarried :bya supporting plate 17. The plate_is provided 
_ with adjustable supporting means at three corners thereof 
as diagrammatically illustrated by adjusting screws 13, 19 
and 20. - 

Referring to Fig. 2, it will be seen that the re?ecting 
surfaces of mirrors 15 and 16 are mounted so that the 
planes thereof intersect with an angle of approximately 
:_90° therebetween. With the re?ecting surfaces positioned 
at this angle a ray, such as ray 35 which is parallel to 
the. optic axis 0, will strikerthe mirror 15 at an angle of 
.incidence of 45° and will be’ re?ected therefrom at an 
' angle of re?ection of 45° as indicated by line 36. The ray 
indicated by line 36 will strike mirror 16; at an angle of 
incidence of 45° and be re?ected therefrom at a similar 
angle of 45° thus making the re?ected ray 37 parallel to 
the original ray 35, From the foregoing it will be seen 
uthatvregardless of what angle the ray 35 strikes the mirror 
15, it will be re?ected from mirror 16 along a line 37 
which is parallel to line 35. As a result of the grating 

;.~plane being out of the focal plane of the monochromator, 
vthe central my on the grating derived from the bundle of 
rays ‘from the center of the entrance slit is toed in slightly 
toward the optic axis ‘0. For this reason the angle be 
tween the double-pass mirror surfaces 15 and 16 must be 
slightly less than 90° if the central ray of the second pass 
radiation is to fall on the center of the grating as was 
the case by de?nition with the ?rst pass radiation. This 
angle adjustment is illustrated in exaggerated form in 
Fig. 2 where the re?ecting surface of mirror 16 has been 
moved to the broken line position of 16' thereby direct 
ing ray 37 into the path 37’. In actual practice both 
mirrors are adjusted a small amount by means later to 
be described. 

.It is also necessary to adjust the second pass radi 
ation vertically. This is accomplished by adjusting the 
support for the mirrors 15 and 16, as by screw 18, Fig. 
1, about an axis parallel to the path of the ray 25' (Fig. 

'3) passing between the centers of the angularly related 
mirrors. This adjusts the central ray 25' relative to the 

. center of the dispersing means 14 as shown by ray 25" 
in Fig. 3. .While Fig. 3 illustrates the vertical’ angular 
motion obtained by rotating the mirrors 15 and 16 to 
gether about a horizontal axis .which is perpendicular 
to the optic axis 0, for simplicity of illustration the 
lines. 24"—26" representing the radiant energy rays have 
been rotated relative to the mirrors instead of the mirrors 
being rotated relative to the rays, but the effect is un 
changed. . 

The focus adjustment on a monochromator is, in gen 
eral, an adjustment of the optical path lengthbetween 

Ordinarily this is accom 

optical path. In accordance with the present invention 
,the arrangement of the double-pass mirrors'15 and 16 
on a movable plate or support permits a different type of 
focusadjustment in successive-pass instruments. In Fig. 4 
there are illustrated two methods of adjustment of the 
:optical path length. The ?rst, which is used as a coarse 
focus adjustment, is a pure translation of the mirrors 15 
and'16 together along the optic axis 0. This is illus 
trated by the two positions of mirrors 15 ‘and 16 in the 
full line and broken line positions. The second method, 
used as a ?ne focus adjustment, is a rotation of the 
mirror pair 15.—16 about a vertical axis disposed to 
one side of the optic axis 0. This is illustrated by move 
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ment of the mirrors 15 and 16 from their full line posi- ' 
tion to their broken line'position, the latter being indenti 

_ With the 
mirrors in the latter position the optical path length is 75, 

.member as by bolts 42, Figs. 6-8. 

altered and the return ray 2.6"’ is shifted slightly to one 
side, but its direction is unchanged. As may be seen 
in Fig. 1 the plate 17 is supported by the three screws 18, 
19 and 20 which are disposed at three corners of a 
right triangle. Thus the lower left hand screw 20 may 
be alone to provide the ?nal or ?ne focusing action 
after _a coarse focusing ‘adjustment has been obtained 
using all three of the screws 18-20. The recognition of 
the optimum focusing condition is the same for this type 
of instrument as for any other, i. e., optimum resolu 
tion. , . t 

The present invention in its preferred form has been 
illustrated in Figs. 5-8 as applied-to a .monochromator 
of the type disclosed in the aforesaid Fastie patents. The 
housing for the'optical system comprises a tube 32 (Fig. 
6) of rugged construction such as a relatively thick 
walled casting having end ?anges of substantial thickness 
integral therewith. ‘The outer faces of the end ?anges 
are parallel to each other and perpendicular to the central 
axis 0 of the tube or housing 32, which axis is to be 
coincident with the central axis of mirror 13. The mirror 
13, Fig. 1, is adapted to be, mounted on one of the end 
?anges of housing 32 and the other or front end ?ange 
32b, Figs. 5, 6, ancl_8 is adapted to support the double-pass 
mirror assembly 15—16 and the entrance and exit slit 
structures ]l1—12 as hereinafter to be described. The 
re?ection grating 14 is disposed for rotation within the 
housing 32 intermediate the end ?anges and as disclosed 
in the aforesaid Fastie patents the grating 14 may be 
provided with mechanism for step by step positioning or 
with a continuous drive mechanism. It is to be noted 
that the housing 32 and the front end ?ange 32b are iden 
ti?ed by the same reference characters as in the afore 
said Fastie patents for convenience in explanation. 
The mirrors 15 and 16 have been illustratedin Fig. 6 

as prisms on which the front or diagonalface has been 
silvered to provide a substantially ?at re?ecting surface. 
The mirrors 15 and 16 are disposed in a channel mem 
ber 40 and their re?ecting surfaces are held at appr0xi~ 
mately a right angle with respect to each other by the 
end brackets 41 which in turn are secured to the channel 

The channel mem 
ber 40 is secured tothe plates 17 by two screws 43, 43 
which are disposed in between the mirrors '15 and 16. 

4 With this arrangement the central portion of the mount 
ing channel 40 is held tight against the plate v17. How 
ever, the ends of the channel 40 are adapted to be moved 
:relative to each other as by the adjustable set screws 
45 and 46 which are threaded into the plate 17 and 
extend therethrough into engagement with the corre 
spond ends of member 4%). By turning the screws 45 
and 46 the mirror surfaces on the prisms may be adjusted 
relative to each other. As mentioned above in connec 
tion with the explanatory diagram in Fig. 2, the mirror 
surfaces 15 and 16 are usually adjusted to an angle slight 
ly less than 90° to be sure that the second pass radiation 
will fall in the same position on the grating 14 as the 
?rstpass radiation. The correct adjustment ‘of the screws 
45 and 46 is observed by viewing the grating aperture with 
the eye placed in the position the exit slit 12 will occupy. 
The desired condition is reached when. the grating 14 is 
illuminated across its full width by the second pass radi 
ation. Once this adjustment is made on the instrument 
it will generally not be necessary to change it. 
The supporting plate 17 for the mirrors 15 and 16 is 

in turn supported from a front mounting plate 48 which 
is disposed at the outer end of va collar or spacer 4-9, 
the latter being secured to the ?ange 32b of housing 32 
as by a plurality of cap screws 50. The holes through 
the collar 49 for receiving the screws 50 are counter 
sunk as shown in Figs. 6 and 8 and thus the front mount 
ing plate 48 is adapted to be held ?ush against the outer 
end of collar 49 as by a plurality of screws 51. The set 
screws 45 and 46 may be reached through the openings 
in plate 48 which may be covered with removable plug 



'screws 18-20. 
ners of plate 17 are provided with pressed inserts and 

5 
members 45a and 46a, Figs. 5, 6 and _8,. V’I‘he supporting 
plate 17 for the mirrors 15 and 16 is mounted onthe 
front mounting plate 48 by three ‘adjustable mechanisms 
as now to be described. Each of the adjusting mecha 
nisms includes an adjusting screw such as 18-20 and the 
mechanisms are disposed at three corners of the plate as 
shown in Figs. Sand 7. The construction ,of each of the 
adjusting mechanisms is substantially identical. However, 
the adjusting screws of each have been provided with 
different reference characters (18-20) for clarity in de 
scribing the operation. As may be ‘seen in Fig. 8, the 
adjusting screw 19 is threaded into a bushing 55 which 
extends through the plate 48 and is adapted to support a 
C-shaped mounting bracket 56. The bushing 55 is se~ 
cured to the plate 48 by a lock washer 57 and a lock nut I 
58 which is threaded on to the exterior surface of the 
bushing55. The mounting brackets 56 are held between 
the plate 48-a11d a ?ange 55a on the bushing 55 as may 
be seen in Fig. 8. To prevent the brackets 56 from rotating 
about the axis of the bushing 55 the brackets 56 are pro 

‘ vided with a locating pin 56a, Fig. 5, which is adapted to 
be received in a corresponding locating hole in the plate 

- v48. .Thus once the lock nuts 58 are tightened the re 
spective brackets 56 will be held in ?xed position on the 
plate 48. 
As may be seen in Fig. 8, the outer end of the adjust 

ment screw, such as 19, is provided with a screwdriver 
slot for adjustment while the inner end is provided With a 
'smooth hemispherical end which ‘is adapted to engage a 
corner of the supporting plate 17.5.. Each-of the three ? 

"corners of the plate 17 associated with the adjusting 
screws 18-20 is provided with ‘a recess for receiving 
the corresponding hemispherical end of the adjusting 

In the preferred construction these cor 

as indicated in Fig. 8 the two lower corners of the plate 
17 are‘ provided with inserts 60 each having a channel 
or groove 60a which extends horizontally of the plate 
respectively cooperating with adjusting screws 19 and 20. 
The insert 61 adapted to cooperate with the adjusting‘ 
screw 18 is provided with a groove or channel 61a which 
extends vertically of the plate 17. The inserts Gil-and 61 
extend through the plate 17 and are provided with seats 
60b and 61b for engaging one‘ end of the compression 
springs 62. The other end of the compression springs 62 
is adapted to ?t over the buttons 56b which are carried 
by the bracket members 56, Fig. 8. With‘this arrange 
ment the hemispherical ends of the adjusting screws 18-20 
are held tightly in the corresponding grooves 60a, 61a, 
'of members 60 and 61 by the corresponding compression 
springs 62. As the grooves 68a in the lower inserts ‘6G 

_ are disposed horizontally they cooperate with the corre 
‘ spondingadjusting screws 19 and 20 and support- the plate 
17 for rotation about a ?xed horizontal axis passing 
through these grooves by adjustment of screw 18. The 
vertical groove in member 61 which cooperates with the 
hemispherical end of adjusting screw 18 permits the plate 
17 tobe adjusted about a ?xed vertical axis de?ned by the 

fiends‘ of screws" 18 and 19 by adjustment of screw 20. 
‘As earlier‘ described in connection with Figs. 1 and 3, 

the vertical adjustment of mirrors 15 and 16 is made by 
“screw 18 and thus rotation of the plate 17 about the hori 
zontal axis h (Fig. 1) passing through the ends of screws 

" 19‘ and 2t) permits the second pass radiant energy to be 
adjusted vertically. The proper adjustment is obtained 
when the full height of the grating is observed to be il 
luminated. When this condition has been obtained, the 

v' licoa'frseyfocus adjustments are made by moving the sup 
Tvpor‘ting plate 17, and the pair of mirrors 15 and 16 in 
":and out ‘along theloptical axis 0 without any rotation. 

adjustment isaccomplished by turning each of the 
adjusting screws 18-20 an equal number of revolutions 

.; or fraction thereof. 
4 illustrated diagrammatically in Fig. 4 when mirrorsMISU ' 

The effect of such adjustment is 
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and 16 were moved from ‘their broken line position-g to 
their full line position or vice versa. 
To obtain a ?ne focus adjustment, the adjusting screw 

20 alone is turned without affecting the previous adjust 
ments. A very slight translation of the radiant energy 
relative to the optic axis does occur with the result that 
the wavelength calibration of the instrument will be 
shifted slightly. This adjustment is diagrammatically 
illustrated in Figs. 1 and 4 showing rotation of the sup 
porting plate 17 for mirrors 15 and 16 about the vertical 
axis v (Fig. 1). 

While the foregoing focusing arrangement is equally 
suitable for use in instruments employing either straight 
or curved entrance and exit slits, it is described and 
illustrated herein in connection with slits of the curved 
type. The slit assemblies for the entrance and exit'slits 
11 and 12 are of similar construction and each comprises 
a tubular barrel member 70, Figs. 6 and 8, preferably 
made of brass and adapted to have one end thereof 
inserted in the spaced entrance and exit openings in the 
plate 4-8. These openings are in alignment with the 
corresponding openings 17a and 17b in plate 17. The 

. barrel members 70 are adapted to be held in place by 
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means of a plurality of spring clip members 71 which 
have one of their ends secured to the plate 49 as by 
screws 72 (Fig. 5). The opposite ends of the spring 
members 71 are provided with pins 71a which are adapt 
ed to have one of their ends received in a groove 70a 
which extends around the outer surface of barrel 70, 
Figs. 5 and 8. With this construction the barrel 70 may 
be rotated about the central axis thereof to adjust the 
tilt of the slits as later to be described. The outer end 
of the barrel 70 is provided with a straight edge slit 
blade 75 and a curved edge slit blade 76. Both of these 
slit blades are adapted to be secured to the member 70. 
However, the curved edge slit blade 76 may be adjusted 
transversely of the member 70 to change the slit width 
as later to be described. In constructing slits for a 
monochromator the two sides or edges thereof should have 
mating or matched shapes. In order to achieve this in 
the present construction the straight edge slit blade 75 
has cemeted to its outer surface a circular quartz disc 
78. The inner surface of the quartz member 78 is coated 
with an opaque material such as aluminum or silver in 
the area between the curved edge of blade. 76 and the 
straight edge of blade 75. To provide a curved slit for 
the passage of radiant energy therefrom the curved slit 
blade 76 is then moved away from the straight edge slit 
blade 75 a distance corresponding to the desired slit 
width. This distance will normally be in the order of 
?ve to twenty microns. The entrance slit is indicated by 

p the reference character 11 in Fig. 5 and the exit slit is in 
dicated by the reference character 12. By using the 
curved slit blade 76 as a mask for the quartz during the 
opaquing operation and then moving it over and using 
it as one side of the slit, it is assured that both sides of 
the slit will have the same curvature or shape. 
Each of the slit barrels 70 is provided with an ad 

justing arm. The adjusting arm for the entrance slit 11 
is identi?ed as 80a while the corresponding arm for 
the exit slit 12 is identi?ed as 80b. As thus far described 
the slit assemblies for both the exit and entrance slits 
are ‘the same. As may be seen in Fig. 5 the adjusting 
arm 8% for the exit slit 12 is secured to the barrel mem 

. ber 70 and extends between a stop stud 81 and a co 
operating slit retainer spring 82. 
The adjusting arm 80a for the entrance slit 11 is se 

cured at one end to the barrel member 76 and extends 
outwardly from the barrel between an adjusting screw 
84 and a compression spring 85. By turning the adjust 
ment screw 84 the entrance slit 11 may be rotated about 
the axis of its barrel member 70 and thus there is pro 
vided a “tilt” adjustment of the entrance slit so that im 
ages of the entrance slit 11 may be aligned with the 
exit slit 12. This tilt adjustment‘ is a rotation in the 
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‘total plane. The‘optiiniiin condition to be‘ obtained is 
one of highest resolution. Although the condition of 
ieither'_‘fo_c_us orltilt'm‘ay attect the accuracy of ‘adjust 
‘ment of ‘the other, the two adjustments are substantially 
independent of eaeh'other. Thus once the correct ad 
justment of either has been obtained, the-other may be 
adjusted without a?ecting said ‘correct adjustment. 

Both, the entrance and exit slits are provided with 
cup-shaped covers 88, Figs 5 and 8, having elongated 
openings 88a which are‘ adapted to be disposed in align 
ment with slits 11 and 12 to permit the passage of rue 
diant energy therethrough. The exit‘slit assembly is ad 
ditionally provided with _a base member 919 which is 
adapted to support a'housi'ng‘ 91 with a photomultiplier 
tube therein opposite theiexitislit 12. The photomulti 
pliertube, not shown, may be‘ provided with corn'entie 
pal connections to'a suitable measuring circuit, for ex 
ample of ‘the type disclosed in the'aforesaid Fastie pat 
cuts. 
The present invention is not limited in its application 

to so-called symmetrical optical systems such as illus 
trated in Fig. l but is also applicable to other succes 
sive pass systems. For example, in Fig. 9 there is il 
lustrated diagrammatically an optical system of the Lit 
trow type which employs the pair of mirrors 15, 16 for 
passing radiant energy through the system a second time 
to provide successive dispersions. The radiant energy 
from a suitable source passes through an entrance slit 
100 and strikes the concave mirror 1111 as indicated by 
the central ray line ‘11.12. This ray is re?ected from mir 
ror 101 along line 193 where it passes through prism 
104 causing it to be dispersed before it strikes the Lit 

The ray is re?ected along the line 
1% and again passes through prism 1M and emerges 
along line 107 to again strike the concave mirror 101. 
This ray is re?ected’along line 198 until it strikes a 
plane mirror 109 from which it is re?ected to mirror 15 
and thence through-a light chopper 111} to the mirror 
16. The mirror 16 re?ects the ray along line 111 to an 
other plane mirror 112 which ‘directs the ray along line 
113 to mirror 101 so that the ray will be passed a sec 
ond time through the dispersing system. This path of 
the ray is illustrated by lines 114, 115, 116 and 117. 
When the ray indicated by line 117 again strikes mir 
ror 101, it is re?ected along line 118 until it strikes the 
plane mirror 120 and forms an image of the entrance slit 
100 on the exit slit 121 as was the case in the optical 
system described in connection with Fig. l. The light 
chopper 110 is ofconventional type such as a rotating 
shutter and is employed so that the phototube at the exit 
slit 121 will respond only to the radiant energy last dis 
persed. The reason for this is that the radiant energy 
making up the image at the exit slit 121 in a system of 
this type will include energy which passed through the 
system only once‘ and also radiant energy which has 
passed through the ‘system more than once. By making 
the photocell responsive only to chopped radiant energy 
_of the last pass, it is assured that it will respond only 
to the radiant energy which has passed last through the 
system and‘ thus has been subjected to double or suc 
cessive dispersions. A suitable lightrchopper in a simi 
lar system is illustrated in Walsh Patent No. 2,652,742. 

It is also possible to separate the successive dispersed 
radiation from the single dispersed radiation by verti 
cal or spacial separation of the two radiant energy passes 
such as, for example, by the arrangement disclosed in 
Fig. 1. For the purpose of this invention the manner in 
which the successive passes of radiation are separated is 
not critical. The present invention, however, is con 
cerned with the simpli?ed focusing arrangement of dou 
ble pass or successive pass radiation systems. It will be 
noted in Fig. 9 that the double pass mirrors 15 and 16 
are disposed in the same relationship with respect to 
each other as in the system described in connection with 
Fig. 1. The mirrors are adapted to be supported in the 
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8 
‘same manner as in the'_'sy‘stem described in connection 
with Fig. land they are adapted for the fvarious ad~ 
fjustments d'escrib'ed'in connection with "the explanatory 
Figures 2—4. V 

' The present invention is also applicable to lens type 
optical ‘systems, such, for example, as the system 130 
illustrated in Fig. 10. In that system there is disclosed 
a monochromator using transmission optics as distin 
guished from re?ection optics. The radiant energy from 
the source passes through an entrance ‘slit 131 as indi 
cated by central ray line 132 and passes through a lens 
133 before it strikes a transmission grating 134 where it 
is dispersed. It then passes through a second lens 135 
along auline 136 until it strikes the double-pass mirrors 
15 and 16. After the ray leaves mirror 16 as indicated 
by line 137, it again passes through lens 135 and ‘back 
through the transmission grating 134 for a second dis 
persion. The twice' dispersed radiant energy then passes 
back through lens 133 as indicated by line 138 and forms 
an image of the entrance slit on the exit slit 139 It is 
to be understood that the system in Fig. 10 is intended 
as an example of a double-pass lens system and that the 
transmission grating 134 could be replaced by a suitable 
prism. It will be seen that the double-pass mirrors 15 
and 16 again occupy the same relationship with respect 
to each other in system 130 as they did in the systems 
previously described in connection with Figs. 1 and 9. 
The mirrors 15 and 16 in Fig. 10 likewise are adapted to 
be adjusted in the same manner as illustrated and de 
scribed in Figs.l2-4. 
From the foregoing, it will be seen that the present 

invention is not limited to optical systems of the sym 
metrical type but is equally applicable to other types of 
optical systems in which there is desired the increase in 
dispersion by the creation 'of successive dispersions 
through the employment of a pair of angularly disposed 
mirrors, such as mirrors 15 and 16. By providing these 
mirrors with a common support, such as illustrated by 
plate 17, which in turn is provided with the above de 
scribed three point adjustable suspension, the support 
and the mirrors are adjustable forward and backward 
along the optical path of the system to provide coarse 
focusing adjustment. By reason of the fact that the 
mirror support 17 is also adjustable about an axis paral 
lel to the path of a ray passing between the centers of 
the angularly related mirrors, it is readily possible to 
provide adjustment of the central ray relative to the cen 
ter of the dispersing element. An independent ?ne foc 
using adjustment is provided by reason of the fact that 
the support 17 for the. mirrors 15 and 16 is also adjust 
able about an axis parallel to the intersection of the 
planes of the angularly related mirrors 15 and 16. 

It shall be understood the invention is not limited to 
the particular exemplary embodiments speci?cally de 
scribed and illustrated therein and that changes and modi 
?cations may be made within the scope of the appended 
claims. 
What is claimed is: 
1. In a monochromator system including radiant en 

ergy dispersing means and a pair of angularly related 
plane mirrors for causing radiant energy to make another 
pass through said dispersing means thereby to obtain 
greater dispersion of the radiant energy, the improve 
ment of adjustment means for said mirrors comprising a 
common support for both of said mirrors, means for 
adjusting said support and said mirrors forward and back 
ward along the optical path of said system to provide a 
coarse focus adjustment of the dispersed radiant energy, 
means for adjusting said support about an axis parallel 
to the path of a ray passing between the centers of said 
angularly related mirrors to provide adjustment of the 
rays relative to the center of said dispersing means, and 
means for adjusting said support for said mirrors about 
an axis parallel to the intersection of the planes of said 
mirrors said axis being located closer to one mirror than 
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to the other to provide a line focus adjustment of said 
dispersed radiant energy. 

2. In a monochromator system according to claim 1 
wherein said means for adjusting said support comprise 
three screw members located at the three corners of a 
right triangle with the legs adjacent the right angle pro 
viding separate axes of rotation for said support thereby 
permitting independent rotation of said support about 
either leg as an axis by adjustment of the screw member 
opposite said leg. 

3. In a monochromator system including radiant en 
ergy dispersing means, an attachment for converting the 
system from a single pass dispersion system to a succes 
sive pass dispersion system, said attachment comprising an 
adjustable support, a pair of plane mirrors carried by 
said support and disposed with their re?ecting faces 
adapted to re?ect radiant energy therebetween, means 
for adjusting said support and said mirrors forward and 
‘backward along the optical path of said system to provide 
a coarse focus adjustment of the dispersed radiant energy, 
means for adjusting said support about an axis parallel to 
the path of a ray re?ected from the center of one of said 
mirrors to the center of the other to provide adjustment 
of the rays relative to the center of the dispersing means, 
and means for adjusting said support for said mirrors 
about an axis parallel to the intersection of the planes of 
said mirrors and closer to one of said mirrors than to the 
other to provide a ?ne focus adjustment of said dispersed 
radiant energy. 

4. For a monochromator system an improved adjust 
able mirror support comprising a plate, means for sup 
porting a pair of plane mirrors in angular relation with 
respect to each other, adjustable supporting means dis 
posed respectively at three corners of said plate, said three 
adjustable supporting means de?ning the three corners 
of a right triangle, all of said supporting means being 
adjustable concurrently to move said plate and said 
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mirrors forward and backward along the optical axis of 
said system without changing the angular relationship of 
the mirrors with respect to the optical axis, and the ad 
justable supporting means disposed at the acute corners 
of the right triangle being individually adjustable to pro 
duce independently rotation of said plate about the axis 
formed by the other two of said adjustable supporting 
means. 

5. For a monochromator system an improved adjustable 
mirror support comprising a plate, means for supporting 
a pair of plane mirrors in angular relation with respect 
to each other, means on said plate for adjusting the angu 
lar relationship between said mirrors, adjustable support— 
ing means disposed respectively at three corners of said 
plate, said three adjustable supporting means de?ning the 
three corners of a right triangle, all of said supporting 
means being adjustable concurrently to move said plate 
and said mirrors forward and backward along the optical 
axis of said system Without changing the angular rela 
tionship of the mirrors with respect to the optical axis, 
and the adjustable supporting means disposed at the acute 
corners of the right triangle being individually adjustable 
to produce independently rotation of said plate about the 
axis formed by the other two of said adjustable supporting 
means. . 
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