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[57] ABSTRACT 
An accessory for use in the sample region of a spec 
trometer is disclosed which combines a matched pair of 
off-axis paraboloid re?ectors having their focii optically 
imaged on the sample (either imaged at a common point 
or at two points which are optically imaged on each 
other) and having relative locations and orientations 
such that each ray of radiation strikes the two re?ectors 
at points on the re?ectors having approximately the 
same focal lengths. This arrangement involves the use 
of collimated optical beams into and out of the acces 
sory. The accessory may function as a transmission-type 
accessory, in which the radiation passes through the 
sample, or as an internal re?ectance accessory, in which 
the radiation passes through the sample holder but is 
re?ected by the sample. The focal length relationship 
set forth is accomplished by having the “back-to-back” 
paraboloid re?ectors, i.e., their reflecting surfaces face 
in substantially different, preferably opposite, direc 
tions. A further aspect is the incorporation of means for 
adjusting the position of at least one of the paraboloid 
re?ectors along a ?rst line parallel to, and along a sec 
ond line perpendicular to, the axis of the collimated 
optical beam re?ected by the position-adjustable re?ec 
tor. 

17 Claims, 8 Drawing Sheets 
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PARABOLIC FOCUSING APPARATUS FOR 
OPTICAL SPECTROSCOPY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation of application Ser. No. 291,402 
?led Aug. 10, 1981, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to optical spectroscopy, and 
particularly to focusing accessories for use in directing 
the radiation to, and receiving the radiation from, a 
sample under analysis. 
Such accessories may conveniently be considered in 

two general categories. One category (see Doyle Appli 
cation Ser. No. 298,067, filed Aug. 31, 1981, now U.S. 
Pat. No. 4,473,295 and having the same assignee as this 
application) includes re?ectance accessories in which 
the radiation leaving the sample holder is traveling in a 
different direction from the radiation reaching the sam 
ple holder, because of its re?ectance by the sample. 
The other category, which is of primary interest in 

the present application, includes accessories in which 
the radiation leaving the sample holder is traveling in 
essentially the same direction as the radiation reaching 
the sample holder. This category, in turn, comprises 
transmission-type accessories in which the radiation 
passes through the sample, and multiple internal re?ec 
tance (MIR) accessories in which the radiation enters at 
one end of a sample holder providing an enclosed re~ 
?eeting path and is re?ected several (or numerous) 
times before leaving the sample holder. The latter type 
is also commonly identi?ed as attenuated total re?ec 
tion (ATR). 
Where the apparatus of the present invention is used 

for transmission-type spectroscopy, it will be of particu 
lar interest in “micro-sampling,” which involves beam 
condensing for use with small samples, micro pellets 
and liquid cells. In general, larger samples are ade 
quately handled by the basic focusing system of the 
spectrometer, but smaller samples require the use of 
shorter focal lengths in order to concentrate sufficient 
light at the sample. And shorter focal lengths are more 
likely to have optical aberration problems. 
Where the apparatus of the present invention is used 

for MIR (or ATR) spectroscopy, it will be of particular 
interest because of its positional adjustability to accom 
modate different positions of the sample holder, and 
also because of its dual function as a beam condensing 
and an MIR accessory. 

Various accessories are available for the functions 
under discussion. An example of a beam condenser 
accessory is illustrated on sheet 16 of the loose-leaf, 
undated catalogue of Harrick Scienti?c Corporation. 
Such accessories generally use several mirrors to ade 
quately diverge the beam and refocus it at a smaller 
spot. They require a number of internal adjustments, 
and little free space is available for a sample holder. 
An example of an internal re?ection (MIR) attach 

ment is illustrated on sheet 12 of the same catalogue of 
Harrick Scienti?c Corporation. Such a device has addi 
tional cost because it is a separate accessory from the 
beam condenser, and it also has the deficiency of requir 
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2 
ing a somewhat complex and sensitive adjustment of 
mirror positions. 

In order to provide an ideal accessory to accomplish 
the functions discussed above, the following features 
are considered important: 

(1) Locating the sample so that it does not interfere 
with the optical path; 

(2) Minimizing optical aberrations in the accessory; 
(3) Using a single accessory for both beam condens 

ing and MIR purposes; 
(4) Avoiding a requirement for X, Y, or Z transla 

tional adjustments of the whole accessory; 
(5) Providing adjustments which permit moving the 

image point without introducing aberrations; 
(6) Using a minimum number of optical elements; and 
(7) Reducing the criticality of the requirements for 

internal adjustments when the accessory is installed. 
Although re?ectance accessories of the type dis 

closed herein can be used with a wide variety of spec 
trometers, they are particularly suited for use with Fou 
rier Transform Infrared (FTIR) instruments, and make 
use of the fact that the sample region beams in these 
instruments can be made available in a collimated form 
with a circular cross section. 

SUMMARY OF THE INVENTION 

The present invention provides an accessory for opti 
cal spectroscopy, which combines a matched pair of 
off-axis paraboloid re?ectors having their focii optically 
imaged on the sample (either imaged at a common point 
or at two points which are optically imaged on each 
other) and having relative locations and orientations 
such that each ray of radiation strikes the two re?ectors 
at points on the re?ectors having approximately the 
same focal lengths. This arrangement involves the use 
of collimated optical beams into and out of the acces 
sory. The accessory may function as a transmission-type 
accessory, in which the radiation passes through the 
sample, or as an internal re?ectance accessory, in which 
the radiation passes through the sample holder but is 
reflected by the sample. 
The focal length relationship set forth in the preced 

ing paragraph is accomplished by having “back-to 
back" paraboloid reflectors, i.e., their re?ecting sur 
faces face in substantially different, preferably opposite, 
directions. 
A further aspect of the present invention is the incor 

poration of means for adjusting the position of at least 
one of the paraboloid re?ectors along a ?rst line parallel 
to, and along a second line perpendicular to, the axis of 
the collimated optical beam re?ected by the position 
adjustable re?ector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic showing the optical compo 
nents of a spectrometer being marketed by the assignee 
of the present application, the figure showing the basic 
unit comprising a “transept interferometer" portion and 
a “sample region” portion; 
FIG. 2 is a schematic showing a micro-sampling ac 

cessory, of the type disclosed in this application, in 
stalled in the sample region of the spectrometer of FIG. 
I; . 

FIG. 3 is a schematic demonstrating that oppositely 
facing paraboloids, such as those in FIG. 2, provide 
essentially aberration-free radiation output; 

FIG. 4 is a schematic showing paraboloids so ori 
ented that aberration compensation is lacking; 
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FIG. 5 is a schematic showing an accessory similar to 
that of FIG. 2, but incorporating an adjustably posi 
tioned paraboloid to accommodate sample holders hav 
ing spaced image points, such as a multiple internal 
re?ectance device or a light pipe; 
FIGS. 6 and 7 are schematics showing two working 

positions of an accessory having a paraboloid whose 
position is adjustable, FIG. 6 showing it in position to 
accommodate a transmission-type sample holder, and 
FIG. 7 showing it in position to accommodate a sample 
holder having spaced image points. 
FIG. 8 is a plan view of a complete accessory con 

structed in accordance with the principles of the present 
invention, on which is mounted a sample holder de 
signed for light transmission through the sample; and 
FIGS. 9 and 10 are elevation views of the accessory 

shown in FIG. 8, FIG. 9 showing an end view and FIG. 
10 a side view. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

FIG. 1 shows an appropriate environment for the use 
of an optical accessory incorporating the concepts of 
the present invention. However, the use of the present 
invention is not limited to the type of spectrometer 
shown in FIG. 1. 
The spectrometer shown is based on several inven 

tions having the same assignee as the present applica 
tion, including the inventions disclosed in Doyle US. 
Pat. Nos. 4,165,938, issued Aug. 28, 1979; 4,190,366, 
issued Feb. 26, 1980; and 4,265,540, issued May 5, 1981. 
The prior patents referred to were concerned primar 

ily with the interferometer portion of the spectrometer, 
which is labeled “Transept Interferometer" in FIG. 1 
and is generally indicated by numeral 22. The present 
application is primarily concerned with the sample illu 
minating portion of the spectrometer, which is labeled 
“Sample Region" in FIG. 1 and is generally indicated 
by numeral 24. 
The interferometer portion 22 includes a radiation 

source 26; a paraboloid re?ecting mirror 28; a beam 
splitter coating 30 which partially re?ects and partially 
transmits the radiation beam 32 coming from mirror 28; 
two interferometer “arms” provided by the re?ected 
radiation beam 34 and the transmitted radiation beam 
36; two stationary retro-re?ectors 38 and 40 which 
constitute the “ends" of the respective interferometer 
arms; a movable wedge-shaped prism 42 which moves 
across the path of beam 34 to cause refractive scanning; 
and a compensating stationary wedge-shaped prism 44 
which carries the beamsplitter coating 30. 
The operation of the interferometer portion has been 

fully described in the prior patents referred to above, 
which are incorporated herein by reference for the 
purpose of providing a more detailed disclosure of the 
interferometer portion of the spectrometer. 

Attention is called to the fact that the radiation beams 
32, 34 and 36 in the interferometer portion are all in 
collimated form. And the output beam 46 from the 
interferometer portion is also in collimated form. 

In the basic version of the spectrometer shown in 
FIG. 1, the sample region contains an off-axis parabo 
loid re?ector 48 which receives the collimated beam 46 
and focuses it at the sample supported in a sample 
holder 50, and an off-axis paraboloid re?ector 52 which 
receives the diverging beam after it passes through the 
sample and provides a collimated output beam 54 trans 
mitted to a detector 56. Two ?at mirrors 58 and 60 may 
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4 
be provided at opposite sides of the sample region to 
direct the incoming beam 46 to paraboloid 48 and to 
direct the output beam 54 from paraboloid 52 to detec 
tor 56. 
As shown by the dotted lines illustrating optical rays 

in the lower part of the sample region, the ?at mirrors 
58 and 60 may both be rotated to alternate positions to 
direct a focusing beam to, and receive a diverging beam 
from, a second sample holder 62. This position-switch 
ing of mirrors 58 and 60 provides a dual beam capability 
for interleaved background measurements. In such us 
age, the output beam of the interferometer is switched 
alternately between two similar paths, one serving as a 
sample path and the other as the background path. In 
this case, a single scan output display corresponds to the 
ratio between one sample spectrum and one back 
ground spectrum. For a multiple scan measurement, the 
alternate sample and background spectra are indepen 
dently averaged, and an updated ratio is computed after 
each pair of scans. When an accessory, such as the 
re?ecting accessory disclosed in this application, is 
inserted into the spectrometer, the collimated beam 
portion of the sample region having the ?at mirrors (not 
description below) can be reserved for accessory inter 
facing, while the other beam remains in the normal 
focused configuration. 
The present invention is particularly useful as an 

accessory which can be inserted in the sample region 24 
with little or no change in the basic spectrometer as 
shown in FIG. 1. It is insertable between the input beam 
46 received by the sample region from the interferome 
ter portion 22 and the output beam 54 directed to the 
detector 56. Since the dashed lines 64 and 66 in FIG. 1 
outline the sample chamber, the accessory may be de 
signed to ?t in the area between those. However, the 
present invention can be incorporated into spectrome 
ters in many other arrangements. 
The radiation beam entering the accessory, and the 

radiation beam leaving the accessory, need to be colli 
mated, for reasons which will become apparent during 
the following description. Accordingly, in order to 
insert the accessory into the existing sample chamber of 
FIG. 1, it is necessary to replace the paraboloid re?ec 
tors 48 and 52 with ?at re?ectors. FIG. 2 shows a ?at 
mirror 49 replacing paraboloid 48 and a ?at mirror 53 
replacing paraboloid 52. 
As shown in FIG. 2, a collimated radiation beam 68, 

which is in effect a continuation of collimated beam 46 
from the interferometer, enters the right side of the 
sample chamber, and is re?ected by a ?rst off-axis pa 
raboloid re?ector 70 in such a way as to focus at the 
point where it passes through a sample supported by a 
sample holder 72. The diverging beam leaving the sam 
ple strikes a second off-axis paraboloid re?ector 74, 
which also has its focal point at the sample. The second 
paraboloid 74 provides a collimated re?ected beam 76 
which is transmitted to the detector. In the con?gura 
tion shown, two flat mirrors 78 and 80, which are at 
angles of 45' to the impinging radiation, are used to 
realign the exiting beam 82 with the entering beam 68. 
This realigning of the beam is only necessary because 
the entering and exiting beams are aligned in the basic 
layout of the sample region of the spectrometer. 
The accessory shown schematically in FIG. 2, which 

is intended for use as a micro-sampling accessory, is 
very simple structurally, but it has signi?cant functional 
advantages over other such accessories because of the 
orientation of the components. Essentially, it comprises 
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a pair of matched paraboloids 70 and 74, which re?ect 
entering and exiting collimated beams, and which both 
focus at the sample. 
The orientation of the paraboloids 70 and 74 is unique 

because they are so arranged that the distance between 
the sample and the point where a given ray of radiation 
strikes one of the paraboloids is substantially equal to 
the distance between the sample and the point where 
the same ray of radiation strikes the other paraboloid. In 
order to accomplish this, the two paraboloid reflectors 
70 and 74 must "face” away from each other, i.e., the 
entering beam 68 which is reflected by paraboloid 70 
and the exiting beam 76 which is re?ected by parabo 
loid 74 must enter and exit the sample chamber at loca 
tions generally “opposite” one another. The aberration 
compensation which is accomplished with the orienta 
tion set forth in this paragraph is not obtained when the 
paraboloids are oriented as are re?ectors 48 and 52 in 
FIG. 1, e.g., facing in directions which are not “oppo 
site," or away from one another. 

It is applicant’s belief that the entering and exiting 
collimated beams 68 and 76 should be parallel to one 
another, i.e., have no angular divergence in direction. In 
other words, the axes of the two paraboloids 70 and 74 
should be anti-parallel, i.e., the apices of the two full 
parabolas from which the sections are cut should be 
oppositely directed. However, a mathematical support 
for this belief has not been developed. 
The reasons for the paraboloid orientation shown in 

FIG. 2 will now be explained in detail, referring to 
FIGS. 3 and 4. FIG. 3 shows the aberration compensa— 
tion which results from placing the two paraboloids in 
positions which generally face away from one another, 
i.e., in positions such that the entering and exiting radia 
tion beams are moving in the same general direction 
(from right to left in the drawings). FIG. 4, which is 
included for comparison purposes, shows a design 
which does not provide aberration compensation be 
cause a given ray, or bundle or rays, will be re?ected 
from locations on the two paraboloids having substan 
tially different focal lengths. 
To analyze the compensating effect of the arrange 

ment in FIG. 3, consider an incident light beam having 
a divergence half angle of a. The light striking a given 
point (such as point B) on the ?rst paraboloid mirror 70 
will fall within a bundle of rays having extreme angles 
of in as shown in FIG. 3. After re?ection from the 
surface of mirror 70, the extreme rays will still make 
angles of to with the central ray. 
We must now consider the characteristics of the 

image formed in the mirror focal plane, which is the 
sample location 72. The central rays from each part of 
the parabolic mirror will all pass through a single point, 
the focal point. However, the extreme rays will be dis 
placed from the focal point by various distances. For 
example, an extreme ray from point B will be displaced 
a distance xB=ot-dB (or azxg/dg), where a is expressed 
in radians, and d1; represents the distance from point B 
to the focal plane. And a ray from point A (on mirror 
70) will be displaced a lesser distance xAza-dA (or aaix 
A/dA), where d,4 represents the distance from point A to 
the focal plane. Another way to look at this is to say that 
the regions around points A and B represent approxi 
mately spherical imaging devices with focal lengths d,; 
and dB, and thus yield images in the focal plane with 
radii proportional to these focal lengths. 

After passing through the focal plane, the radiation 
eventually strikes the second parabolic mirror 74 and is 
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6 
approximately recollimated. The divergence of each 
bundle of rays will depend on the focal length of the 
region of the paraboloid 74 which it strikes. For exam 
ple, the rays coming from the part of the image with 
radius x;; will strike the region around point D. Their 
divergence will thus be aD=xB/dD(dD representing the 
distance from point D to the focal plane). But we have 
d1) approximately equal to da (dpzdg). Therefore, 
apzxg/dgza. Also aczxA/dc (dc representing the 
distance from point C to the focal plane). Since dc is 
approximately equal to d,; (dcadA), it follows that 
aczxAldAia. So the divergence angle, represented by 
a, has been approximately preserved from the entering 
collimated beam 68 to the exiting collimated beam 76. 
FIG. 4 is an example of a design lacking aberration 

compensation. In this ?gure both paraboloid mirrors 84 
and 86 face toward the right, with the result that tip is 
not approximately equal to dB, and dc is not approxi 
mately equal to d,4. As previously stated, it appears that 
maximum aberration cancellation will occur only if the 
two paraboloids are positioned with their axes anti-par 
allel, i.e., with the paraboloids "facing” in opposite 
directions, as in FIGS. 2 and 3. 

FIG. 5 shows an adjustable design which allows the 
two paraboloids to be focused at the ends of a device 
such as a light pipe, or a multiple internal re?ection 
(MIR) plate. Only two adjustments are provided which 
are orthogonal. This greatly simplifies the alignment 
procedure required to compensate for light piping ele 
ments, or internal re?ection elements, having various 
lengths or angular positions. 
The arrangement shown schematically in FIG. 5, and 

shown in greater detail in the remaining ?gures, is the 
preferred embodiment because of its universality. It can 
be used as a micro-sampling accessory, or with an MIR 
plate or light pipe, because of its adjustability. 
When used with an MIR plate or light pipe, as shown 

in FIG. 5, the convenient, and essentially error-free, 
adjustability of the accessory is more signi?cant than its 
aberration-compensating advantage. 
As shown in FIG. 5, the collimated entering beam 

68a is re?ected by a ?xed paraboloid re?ector 70a to 
focus at point 88, which is at one end of a sample~con 
taining element, or sample holder, 90. A second, mov 
able paraboloid re?ector 74a has its focal point at 92, 
which is the other end of sample holder 90. Paraboloid 
74a re?ects a collimated exiting beam 76a, which may 
be realigned with entering beam 68a by means of two 
?at mirrors 78a and 80a to provide a collimated beam 
82a for the detector. The focal point 92 of paraboloid 
74a may be regarded as a “transferred”, or “secondary", 
focal point of the paraboloid 70a; and the focal point 88 
of paraboloid 70a may be regarded as a “transferred", 
or “secondary”, focal point of the paraboloid 74a. As 
stated in the “Summary of the Invention", focal points 
88 and 92 are optically imaged on each other. 
The position of movable paraboloid 74 may be ad 

justed along a line parallel to the collimated beams 68a 
and 76a, as shown by arrows X, or along a line perpen 
dicular to the collimated beams 68a and 76a, as shown 
by arrows Y. These orthogonal adjustments permit the 
accessory to accommodate various lengths and angular 
positions of the sample holder 90. Also, adjustment may 
be desirable in some micro-sampling uses where the 
sample through which the radiation passes is unusually 
thick. 

It is important that the position adjustment of mov 
able paraboloid 74a be appropriately constrained, in 
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order to retain maximum reliability of the instrument. 
Since the beam leaving the movable paraboloid 74a is 
collimated, the accuracy of the instrument is ensured if 
the mechanical adjustment motion of the paraboloid is 
only along the direction of the collimated beam. The 
imaging characteristics are therefore unchanged by the 
adjustment, and good focus is maintained. 

In order to ensure that repositioning of the movable 
paraboloid does not introduce aberrations, the axis of 
rotation of the movable paraboloid (the symmetrical 
axis of the complete parabola) must remain parallel to 
the collimated radiation beam emerging from it. One 
way of ensuring this is to con?ne motion of the movable 
paraboloid to pure translation, i.e., movement which 
does not involve any rotation. And the preferred way of 
limiting the motion to pure translation is to provide for 
orthogonal motion only, i.e., motion either parallel or 
perpendicular to the collimated beam. 
There are different combinations of adjustable com 

ponents which will have the desired result. If only pa 
raboloid 74a is moved in direction X, while mirrors 78a 
and 80a remain stationary, the collimated beam will 
remain aligned. And if paraboloid 74a and mirror 78a 
are moved in direction Y, as by moving a platform 94 
shown in dashed lines, while mirror 80a remains station 
ary, the collimated beam will remain aligned. 
The detailed construction shown in the remaining 

?gures is designed to move as a unit all three elements 
(paraboloid 74a, and mirrors 78a and 80a) when adjust 
ment is made in direction X, and to move as a unit two 
elements (paraboloid 74a and mirror 78a) when adjust 
ment is made in direction Y. 
FIGS. 6 and 7 show schematically two possible 

working positions of a paraboloid whose position is 
adjustable to accommodate different types of sample 
holders. As seen in those ?gures, a movable paraboloid 
reflector 74b is carried by a ?rst movable supporting 
member, or plate, 96 which is in turn carried by a sec 
ond, larger movable supporting member, or plate, 98. 
As shown by the arrows in FIG. 7, the ?rst plate 96 is 
constrained to move linearly along the second plate 98, 
and the second plate 98 is constrained to move linearly 
along an accessory-supporting platform 100. One of the 
flat mirrors 78b, which initially re?ects the collimated 
beam 76b coming from movable paraboloid 74b, is 
mounted on the ?rst supporting plate 96; and the other 
?at mirror 80b, which re?ects the beam coming from 
mirror 78b to direct the collimated beam 82b toward the 
detector, is mounted on the second supporting plate 98, 
but not on the ?rst supporting plate 96. A ?rst guiding 
means between the ?rst supporting plate 96 and the 
second supporting plate 98 causes the ?rst supporting 
plate to move solely in a direction perpendicular to 
collimated beam 76b; and a second guiding means be 
tween the second supporting plate 98 and the platform 
100 causes the second supporting plate to move solely in 
a direction parallel to collimated beam 76b. 
FIG. 6 shows the movable paraboloid 74b in position 

to accommodate a transmission-type sample holder, 
because the focal points of the two paraboloids coincide 
at point 102. The paraboloid 70b, which receives the 
entering collimated beam 68b, will generally be 
mounted in a ?xed position, although it is conceivable 
that either or both paraboloids could be adjustably posi 
tioned. 
FIG. 7 shows that movable paraboloid 74b in position 

to accommodate an internal reflectance-type sample 
holder 90b, which requires that the focal points of the 
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8 
two paraboloids be at spaced locations, as shown. The 
?rst supporting plate 96, carrying movable paraboloid 
74b and flat mirror 78b, has been moved upwardly, as 
viewed in the ?gure; and the second supporting plate 
98, carrying the ?rst supporting plate and flat mirror 
80b, has been moved leftwardly, as viewed in the ?gure. 
The positions which the movable members had in FIG. 
6 are shown in dashed lines in FIG. 7. 
FIGS. 8-10 provide a more detailed showing of a 

speci?c accessory design having the desired character 
istics. The accessory is a unitary structure having an 
overall supporting platform, or base plate, 100e, which 
carries two end plates 104 and 106, the former having an 
aperture for the entering radiation beam, and the latter 
having an aperture for the exiting radiation beam. 
The ?xed paraboloid 70c, which is located close to 

end plate 104 and which receives the entering radiation 
beam, is shown secured to an adjustable mount 108. The 
mount 108 is supported on a vertical post 110 (see FIG. 
10), which is secured to the base plate 1000. In order to 
permit initial focal adjustment of the ?xed paraboloid, 
the mount 108 has a vertical bore 112 therein (see FIG. 
8) into which the post 110 extends, thus permitting 
rotational movement of the mount. A set screw 114 may 
be used to lock the mount in its adjusted position. Verti 
cal support and adjustment of the position of mount 108 
may be provided by a vertical stop, in the form of a 
collar 116 which encircles the post and which is locked 
into position after vertical adjustment by a set screw 
118. 
The movable paraboloid 74c is supported on the ?rst 

movable supporting plate 96c, which in turn is sup 
ported on the larger second movable supporting plate 
98c; and the entire structure is, of course, mounted on 
the platform 100c. In order to more clearly show the 
shape of the second supporting plate 980, including its 
integral arm 144 which carries mirror 800, the ?rst plate 
96c is shown out of position in FIG. 8, i.e., it has been 
moved upward (along the Y axis) from its normal posi 
tion, in which paraboloid 74c is the same distance from 
the sample holder as paraboloid 70c. 
The movable paraboloid 74c is shown as having the 

same initially adjustable mounting as the ?xed parabo 
loid 70c. Paraboloid 74c is secured to an adjustable 
mount 120, which is supported on a vertical post 122 
secured to supporting plate 96c. In order to permit 
initial focal adjustment of the movable paraboloid, the 
mount 120 has a vertical bore 124 therein into which the 
post 122 extends, thus permitting rotational movement 
of the mount. A set screw 126 may be used to lock the 
mount in its adjusted position. Vertical support and 
adjustment of the position of mount 120 may be pro 
vided by a vertical stop, in the form of a collar 128 
which encircles the post and which is locked into posi 
tion after vertical adjustment by a set screw 130. 
As best seen in FIG. 10, the motion of paraboloid 74c 

to adjust its position along the Y axis is permitted but 
con?ned by sliding of the ?rst supporting plate 96c 
between two guides 132 and 134 secured to the second 
supporting plate 98c. Each of the guides 132 and 134 has 
a flange 136 engaging a corresponding ledge 138 
formed on plate 96c, thereby clamping plate 96c to plate 
980. 
The flat mirror 78c is also supported on the ?rst sup 

porting plate 96c, and is initially adjustable by move 
ment of its platform 140, which is secured to plate 960 
by fasteners 142 extending through slightly oversize 
holes. 
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The ?at mirror 80c is supported on a projecting arm 
144 of the second supporting plate 98c. Mirror 80c is 
initially adjustable by movement of its platform 146, 
which is secured to plate 980 by fasteners 148 extending 
through slightly oversize holes. Mirror 80c may also 
have adjustability on a hinged horizontal shaft (not 
shown). 
As best seen in FIG. 9, the motion of paraboloid 74c 

to adjust its position along the X axis is permitted but 
con?ned by sliding of the second supporting plate 98c 
along the top of a rail 150 which is secured to base plate 
1110c. The supporting plate 98c is shown supported on 
rail 150, and is con?ned to linear motion by guides 152 
and 154 secured to the bottom of plate 98c on opposite 
sides of rail 150. Each of the guides 152 and 154 has a 
tongue 156 extending into a corresponding groove 158 
formed in rail 150, thereby clamping plate 980 to the 
base plate, or platform, little. 
The sample holder shown in FIGS. 8-10 is the type 

used for transmission spectroscopy, i.e., spectroscopy 
having a single focal point of the two paraboloids. It is 
so located and designed that the transmission-type sam 
ple holder may easily be removed and replaced with a 
sample holder used in spectroscopy requiring spaced 
focal points of the two paraboloids. The sample holder 
shown has a mount 160 which is secured to a vertical 
support 162 mounted on platform 100c. The vertical 
support 162 may be initially adjusted by means of fas 
teners extending through slightly oversize holes in the 
base plate. The sample may be carried in a micro-sample 
disc 164, which ?ts into a slot in an arm 166 of a sample 
holder 168. The sample holder 168 is supported on 
mount 160 in such a way as to have initial adjustment 
both along a vertical line and along a horizontal line. 
The vertical adjustment may be guided by a dovetail 
connection 170 between the sample holder 168 and the 
mount 160; and the horizontal adjustment may be 
guided by a similar dovetail connection (not visible) 
between the mount 160 and its vertical support 162. 
The ?gures also show a sample holder platform 172 

secured to platform 100e, which is the support used for 
sample holders when spectroscopy other than transmis 
sion-type spectroscopy is being performed. 
The end plate 106 through which the exiting radia 

tion beam passes is shown with a guide plate 174 se 
cured thereon, which is used in precisely locating the 
accessory in the sample chamber of the complete spec 
troscopic instrument. The original sample holder 50 
(see FIG. 1) may be repositioned and located by mount 
ing holes provided in the complete instrument. Then 
lowering the accessory into position with vertical 
tongues 176 and 178 (on opposite sides of guide plate 
174) engaging complementary slots in sample holder 50 
will automatically provide the correct location for the 
accessory in the complete instrument. 
From the foregoing description, it will be apparent 

that the apparatus disclosed in this application will pro 
vide the signi?cant functional bene?ts summarized in 
the introductory portion of the speci?cation. 
The following claims are intended not only to cover 

the speci?c embodiments disclosed, but also to cover 
the inventive concepts explained herein with the maxi 
mum breadth and comprehensiveness permitted by the 
prior art. 
What is claimed is: 
1. For use with a spectrometer having a collimated 

radiation beam approaching a sample and a collimated 
radiation beam leaving the sample, an optical accessory, 
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10 
of the type in which radiation is passed through a sam 
ple holder element which provides a con?ned path 
therethrough, comprising: 

a ?rst paraboloid reflector which re?ects the ap 
proaching collimated beam in such a way as to 
focus the radiation at one end of the con?ned radia 
tion path through the sample holder; 

a second paraboloid re?ector which receives radia 
tion from a focus at the other end of the radiation 
path through the sample holder and which re?ects 
the radiation to provide the collimated beam leav 
ing the sample; and 

means for allowing constrained translational adjust 
ment movement of at least one of the paraboloid 
re?ectors relative to the other paraboloid re?ector 
in order to adjust for differences in the length and 
/or orientation of the sample holder element, such 
means including (a) means for allowing such move 
ment of at least one of the paraboloid re?ectors 
along a path parallel to the axis of its incident colli 
mated beam, and (b) means for allowing such 
movement of at least one of the paraboloid re?ec 
tors along a path perpendicular to the axis of its 
incident collimated beam. 

2. The optical device of claim 1 in which the colli 
mated radiation beams approaching and leaving the 
sample are co-linear, and in which only one of the two 
paraboloid re?ectors is allowed constrained adjustment 
movement, the optical accessory also comprising: 

a ?rst flat reflecting mirror which laterally re?ects 
the collimated beam re?ected by the movable pa 
raboloid; 

a second flat re?ecting mirror which re?ects the 
collimated beam from the ?rst re?ecting mirror to 
cause the approaching and leaving beams to be 
co-linear; 

a ?rst supporting member which carries the ?rst re 
?ecting mirror; 

at second supporting member which carries the sec 
ond re?ecting mirror; and 

linear guiding means between the ?rst and second 
supporting members which permits relative move 
ment of the two ?at mirrors constrained to linear 
movement along the axis of the collimated beam 
which travels between them. 

3. The optical device of claim 2 wherein: 
the ?rst ?at re?ecting mirror and the movable parab 

oloid re?ector are both mounted on the ?rst sup 
porting member in positions which remain ?xed 
relative to one another; 

the ?rst supporting member and the second ?at re 
?ecting mirror are both carried by the second sup 
porting member; 

the ?rst supporting member is linearly movable on 
the second supporting member along the axis of the 
collimated beam between the ?rst and second ?at 
re?ecting mirrors; and 

the second supporting member is linearly movable 
along the axis of the collimated co-linear approach 
ing and leaving beams. 

4. The optical accessory of claim 2 wherein: 
the second ?at re?ecting mirror remains in a ?xed 

position on the second supporting member; 
the ?rst ?at re?ecting mirror and the movable parab 

oloid re?ector are both mounted on the ?rst sup 
porting member; and 

the movable paraboloid re?ector is linearly movable 
for adjustment purposes on the ?rst supporting 
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member along the axis of the collimated beam be 
tween the movable paraboloid re?ector and the 
?rst ?at re?ecting mirror. 

5. [The optical accessory of claim 1 in which the 
means for allowing constrained adjustment movement 
comprisesz] For use with a spectometer having a colli 
mated radiation beam approaching a sample and a colli 
mated radiation beam leaving the sample, an optical acces 
sory, of the type in which radiation is passed through a 
sample holder element which provides a con?ned path 
therethrough, comprising: 

a first paraboloid re?ector which re?ects the approach 
ing collimated beam in such a way as to focus the 
radiation at one end of the con?ned radiation path 
through the sample holder; 

a second paraboloid re?ector which receives radiation 
from a focus at the other end of the radiation path 
through the sample holder and which re?ects the 
radiation to provide the collimated beam leaving the 
sample; and 

means for allowing constrained adjustment movement of 
at least one of the paraboloid re?ectors relative to the 
other paraboloid re?ector in order to adjust for di?'er 
ences in the length and/or orientation of the sample 
holder element, such means including (a) means for 
allowing such movement of at least one of the parabo 
loid re?ectors along a path parallel to the axis of its 
incident collimated beam, and (b) means for allowing 
such movement of at least one of the paraboloid re?ec 
tors along a path perpendicular to the axis of its inci 
dent collimated beam; 

the means for allowing constrained adjustment move 
ment comprising: 

a ?rst linearly extending guide parallel to the axis of 
the collimated beam re?ected by the movable pa 
raboloid re?ector, along which guide the position 
of the movable paraboloid re?ector may be ad 
justed; and 

a second linearly extending guide perpendicular to 
the axis of the collimated beam re?ected by the 
movable paraboloid re?ector, along which guide 
the position of the movable paraboloid re?ector 
may be adjusted. 

6. In a spectrometer having a collimated radiation beam 
approaching a sample region, and a collimated radiation 
beam leaving the sample region, a sample-illuminating 
optical system comprising: 

a first paraboloid re?ector which re?ects the approach 
ing collimated beam in such a way as to focus the 
radiation at the sample: 

a second paraboloid re?ector which receives radiation 
from the sample and which re?ects that radiation to 
provide the collimated beam leaving the sample re 
gion: and 

means for allowing constrained translational adjustment 
movement of at least one of the paraboloid re?ectors 
relative to the other paraboloid re?ector, such means 
including (a) means for allowing such movement of at 
least one of the paraboloid re?ectors along a first path, 
and (b) means for allowing such movement of at least 
one of the paraboloid re?ectors along a second path 
perpendicular to the first path. 

7. The optical system of claim 6 in which one of the two 
paraboloid re?ectors is allowed constrained adjustment 
movement, the optical system also comprising: 

a ?at re?ector which re?ects the collimated beam re 
ceived from the movable paraboloid re?ector; 
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means for providing linear adjusting movement of the 
paraboloid re?ector relative to the ?at re?ector; and 

means for providing parallel linear adjusting movement 
of the paraboloid re?ector and the ?at re?ector. 

8. The optical system of claim 7 which comprises: 
a first supporting member which carries the movable 
paraboloid re?ector, but not the ?at re?ector; and 

a second supporting member which carries both the 
movable paraboloid re?ector and the ?at re?ector: 

the ?rst supporting member being linearly movable on 
the second supporting member along the axis of the 
collimated beam. 

9. The optical system of claim 6 in which the means for 
allowing constrained adjustment movement comprises: 

a first linearly extending guide parallel to the axis of the 
collimated beam re?ected by the movable paraboloid 
re?ector, along which guide the position of the mov 
able paraboloid re?ector may be adjusted; and 

a second linearly extending guide perpendicular to the 
axis of the collimated beam re?ected by the movable 
paraboloid re?ector. along which guide the position of 
the movable paraboloid re?ector may be adjusted. 

10. The optical system of claim 6 which also comprises: 
a ?at re?ector which re?ects one of the two collimated 

beams; and 
means for providing parallel linear motion of one of the 

two paraboloid re?ectors and the ?at re?ector. 
II. The optical system of claim 10 which also comprises: 
a movable platform on which are mounted both the ?at 

mirror and the paraboloid re?ector having parallel 
motion. 

12. The optical system of claim I] in which the platform 
is constrained to move in a direction parallel to the colli 
mated beam entering or leaving the ?at re?ector. 

13. In an analytical instrument of the type having a 
source of analytical radiation, having means for detecting 
said radiation, and having means for supporting a sample 
to be analyzed; on improved sample-illuminating system 
comprising: 

pre-sample optical focusing means for focusing analyti 
cal radiation to illuminate the sample; 

post-sample optical collimating means for receiving and 
collimating output analytical radiation after it has 
illuminated the sample; and 

supporting means for the post-sample collimating means 
which allows translational adjustment of the position 
of said collimating means constrained to two direc 
tions which are parallel or perpendicular to the axis of 
its collimated output beam. 

14. The optical system of claim 13 in which the support 
ing means comprises: 

a first guiding means for said post-sample collimating 
means which allows adjustment of its position can 
strained to a direction parallel to its collimated output 
beam; and 

a second guiding means for said post-sample collimating 
means which allows adjustment of its position con 
strained to a direction perpendicular to its collimated 
output beam. 

15. The optical system of claim 13 in which the pre-sam 
ple focusing means and the post-sample collimating means 
comprises re?ecting elements 

I 6. The optical system of claim 15 in which the re?ecting 
elements are parabolic mirrors whose focal poin ts are in the 
sample region. 

17. In an analytical instrument of the type having a 
source of analytical radiation, having means for detecting 
said radiation, and having means for supporting a sample 
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to be analyzed; an improved sample-illuminating system f'ommming Output analytical radiation after I" has 
- ' . illuminated the sample; and 

comprising. . _ _ I _ I _ _ I I, supporting means for one of the optical means WhlCh 
pre'samp _e 08"“ ocusfng means for focusmg and y 1' provides for constrained adjustment movement of said 

cal mdmno” "0 ‘Hummate the “"0712: 5 optical means along two purely translational paths. 
post-sample optical collimating means for receiving and 
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