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26,053 
DOUBLE FOLDED-Z-CONFIGURATION 

MONOCHROMATOR 
Henry H. Cary, Pasadena, Calif., assignor to Applied 

Physics Corporation, Monrovia, Calit'., a corporation of 
California 

Original No. 3,098,408, dated July 23, 1963, Ser. No. 
795,311, Feb. 11, 1959. Application for reissue July 
21, 1965, Ser. No. 475,043 

14 Claims. (CI. 88—14) 
Matter enclosed in heavy brackets [ ] appears in the 

original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to monochromators, and more 
particularly to improvements in double monochromators. 
This is a continuation-in-part of my application, Serial 
No. 477,793 ?led December 27, 1954, now abandoned. 

In a monochromator, heterogeneous radiation, that is, 
radiation consisting of components of many wavelengths, 
entering an entrance aperture, is dispersed in such a 
way that monochromatic radiation over a narrow band 
of wavelengths emerges from an exit aperture. In a 
double monochromator, two dispersing sections are em 
ployed, the radiation emerging from one section entering 
the second section and also being dispersed therein. 

Monochromators are employed in spectrophotometers 
in order to produce spectrograms representing the charac 
teristics of materials under investigation. Monochroma 
tors are also employed as sources of illumination, as in 
investigation of photosynthesis. In this speci?cation, the 
improved double monochromator of this invention will 
be described with particular reference to its applications 
to adsorption spectrophotometry. However, it will be 
understood that it may be employed in other ways. 

In one type of monochromator, which is characterized 
by a “Z con?guration," the arrangement of the slits, col 
limating mirrors and dispersing element is such that the 
off-axis spherical aberration introduced by one collimat 
ing mirror is opposed by and at least partially cancelled 
by the off-axis spherical aberration introduced by the other 
collimating mirror. In another type having a folded-Z 
con?guration, a re?ecting surface is provided in the beam 
between the two collimating mirrors and the various 
parts are arranged to preserve the compensating charac' 
teristics of the two collimating means of a simple Z con 
?guration. In a simple Z con?guration, the optical axis 
includes three legs arranged substantially in the form 
of a Z, wherein one leg extends from each terminal slit 
to a corresponding collimating mirror and the third leg 
extends from one collimating element through the dispers 
ing element to the other collimating mirror. But, in 
a folded-Z arrangement, the re?ecting surface between 
the two collimating elements causes the collimated beam 
arriving at the dispersing element from one collimating 
mirror to be reflected to the second collimating mirror. 
Usually this re?ecting surface is provided by the dispers 
ing element itself. 

In accordance with the present invention, a mono— 
chromator is provided which employs two monochromator 
sections arranged in cascade, the optical path in each 
section being of folded~Z con?guration. The mono 
chromator is provided with two terminal slit apertures at 
opposite ends thereof. either of which may serve as an 
entrance aperture, and the other of which may serve as 
an exit aperture. The two legs of the optical paths of 
the two sections which are remote from the terminal slits 
are collinear and extend through an intermediate aperture. 
One of the monochromator sections employs a prism as a 
dispersing element. This prism is characterized by having 
a transmission band between a lower-wavelength limit 
A, and an upper-Wavelength x2. The second monochroma 
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tor section employs a diffraction grating as a dispersing 
ciement. To attain maximum resolving power in the 
second monochromator section in a long-wavelength re 
gion near A2, the spacing between the rulIngs of the 
grating is about equal to a multiple of one-half the wave 
length Ag of the upper-wavelength limit of the transmis 
sion band of the prism. 
By employing a double folded-Z con?guration in the 

monochromator, the advantages of employing two dis 
persing elements of high resolving power are obtained 
at the same time over a wide-wavelength range and high 
resolution is attained. The high resolving power is attrib 
utable very largely to the employment of the iolded~Z 
con?guration in each section, and this advantage would 
be obtained even though other types of dispersing elements 
were employed. By setting the grating constant at a value 
equal to about a multiple of one-half of the upper-Wave 
length limit of the prism, it becomes possible to scan a 
spectrum over the entire transmission band of the prism 
with maximum dispersion in the ?rst'order diffraction 
spectrum. Such high dispersion is attainable both in a 
short-wavelength part of the spectrum near the lower 
wavelength limit A, where the prism possesses the higher 
dispersion and a long-wavelength part thereof near the 
upper-wavelength limit A2 where the diffraction grating 
has the higher dispersion. In order to achieve this result, 
in accordance with the present invention, the prism is ro 
tated more rapidly than the grating in the lower-wave 
length part of the spectrum and the grating is rotated 
more rapidly than the prism in the upper part of the 
spectrum. Thus, the double monochromator of the 
present invention is designed particularly to provide con 
tinuous scanning of a spectrum over a wide-wavelength 
range without the necessity of replacing dispersing ele 
ments such as prisms or diffraction gratings for scanning 
ditlerent sections of the spectrum. 

In accordance with this invention, the two terminal slit 
apertures are made of about the same width, taking due 
account of any magni?cation that occurs in the two mono 
chromator sections. Also, in accordance with this inven 
tion, an intermediate aperture is arranged at the junction 
of the two folded-Z con?gurations, primarily in order to 
reduce the amount of stray radiation which can be trans 
mitted from the monochromator section that the radiation 
enters, to the monochromator section from which the 
monochromator radiation emerges. Other masks are also 
provided as needed to reduce the amount of stray radia 
tion scattered from one section to the other alcng other 
paths. 

In the best mode of practicing the invention now known 
to me, the entrance and exit apertures and the inter 
mediate aperture are all in the form of slits that are 
formed by opposing edges of a pair of relatively movable 
plates, so that the set of slits is readily formed in or near 
a common plane. Furthermore, the entrance and exit 
slits are made of the same width, and the intermediate 
slit has a width which is only slightly greater than that 
of either the entrance or exit slits. By employing such 
an arrangement, the ratio of the intensity of mono 
chromatic radiation emerging from the exit slit of the 
monochromator is very high compared with the amount 
of stray radiation of other wavelengths emerging there 
from. 

Also, in accordance with the present invention, a trans 
former interconnecting the prism dispersing element and 
the diffraction grating element is so designed as to provide 
simultaneous rotation of the prism and the diffraction 
grating at such rates as to scan a spectrum over a wide 
range, including a low-wavelength part of the transmission 
spectrum of the prism and a high-wavelength part of the 
transmission spectrum. Furthermore, means are provided 
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for driving the diffraction grating and the prism in such 
a way that the wavelength of the monochromatic radia 
tion emerging from the monochromator is indicated on 
a linear scale. 
While the monochromator of the present invention is 

not the ?rst to employ two dispersing elements in cascade, 
and is not even the ?rst to employ both a dispersing prism 
and a diffraction grating as such elements, it is believed 
to be the ?rst monochromator which makes possible the 
attainment of high resolving ‘power throughout a wide 
wavelength range including a low~wavelength part in which 
the dispersion of the prism is higher than that of the dif 
fraction grating and a long-wavelength part thereof in 
which the dispersion of the diffraction grating is higher 
than that of the prism. Furthermore, even though mono 
chromators heretofore have been employed which utilize 
both a prism dispersing element and a diffraction dispers 
ing element, so far as I know, all such prior monochro 
mators have employed the prism merely as an order 
sorter. In such monochromators, the terminal slit of the 
prism monochromator is very wide compared with the 
width of the other terminal slit and the width of the in 
termediate slit, while the latter two slits have about the 
same width. The most pertinent prior art of which I have 
knowledge relating to such double monochromators is to 
be found in an article entitled, “Sur la Construction d’un 
Spectrograp'he Infra-Rouge Auto-Enregistreur, a Grand 
Pouvoir de Resolution, et al.” by M. Migeotte that is 
printed in a rare publication “Memoires de la Societe 
Royale des Sciences de Liege,” collection ‘IN-4°—Tome 
I~Fascicule 3 et dernier, pages 529~590, published by 
Marcel Hayez, Imprimeur de l‘Academie Royale de 
Belgique, Brussels, Belgium (1945). 

In the spectrograph disclosed by M. Migeotte and illus 
trated in plate 9, a double monochromator is described 
in which a prism dispersing element is employed as an 
order-sorter, the entrance to the prism section being very 
wide. In such a system, the prism merely selects a frac 
tion of the spectrum that is much, much wider than the 
width of the band of monochromatic radiation that is to 
be produced. This part of the spectrum enters the diffrac 
tion grating section so as to permit the production therein 
of an emerging monochromatic band free of interference 
from unwanted spectra, such as second and higher order 
diffraction spectra. Migeotte went somewhat father than 
his predecessors in that he employed automatic means 
for rotating the diffraction grating and at the same time 
employed a cam mechanism for rotating the prism simul 
taneously with diffraction grating. However, his instru 
ment was usable only in the high-wavelength part of the 
transmission spectra of his prisms, and thus did not make 
use of the high dispersion characteristics of his prisms at 
the low-wavelength parts of their transmission spectra as 
well as the high dispersion characteristics of his diffrac 
tion gratings in the high-wavelength parts of those trans 
mission bands. 
By use of the con?guration of optical paths, an arrange 

ment of slits and a transformer that interconnects a rotat 
ing prism and a rotating diffraction grating of the present 
invention, a double monochromator is provided that is of 
superior resolving power and of increased ratio of mono 
chromatic radiation intensity, and which is capable of use 
over a very wide-wavelength range. 
The ‘foregoing, and other features and advantages of 

this invention, will be set forth in the following descrip~ 
tion of a speci?c spectrophotometer embodying the in 
vention. ‘Even though the invention is described herein 
only with reference to one speci?c embodiment thereof 
and only with reference to its application in the ?eld of 
spectrophotometery, it is to be understood that the inven 
tion may be embodied in many other forms within the 
scope of the appended claims. 
A speci?c embodiment of the invention is described 

hereinafter with reference to the accompanying drawings, 
wherein: 
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FIGURE 1 is a schematic diagram of a horizontally 

arranged spectrophotometer embodying the present in 
vention; 
FIG. 2 is a graph representing signals produced in the 

spectrophotometer; 
FIG. 3 is an enlarged diagram showing the path of a 

central ray through the prism; 
FIG. 4 is an elevational view showing the shapes of 

the slits; 
‘FIG. 5 is a fragmentary perspective view of a mono 

chromatorcmbodying the present invention with the cover 
removed; 

FIG. 6 is an enlarged ‘fragmentary view of a part of 
the slit control mechanism; 

FIG. 7 is a vertical sectional view of a part of the slit 
supporting mechanism; 

FIG. 8 is a plan view of the monochromator; 
FIG. 9 is a graph of the dispersion curve of the prism; 
FIG. 10 is a graph showing how the angular positions 

of the prism and the diffraction grating vary with wave 
length; 

FIG. 11 is a graph representing the angular disper 
sion of the prism and the grating as a function of wave 
length; 

FIG. 12 is a diagrammatic view of the transformer in 
terconnecting the prism and the grating; 
FIG. 13 is a plan view of the driving cam arm; 
FIG. 14 is a diagrammatic view of a modi?ed form 

of the interconnecting transformer of FIG. 12; and 
FIG. 15 is a view similar to that of FIG. 12 showing 

a different operating position of the parts. 

GENERAL DESCRIPTION 

In the drawings, and more particularly in FIG. 1, there 
is illustrated a spectrophotometer that embodies the pres 
ent invention. This spectrophotometer includes a source 
10 of radiation, a double monochromator 100, and a 
sample comparator 20, together with certain auxiliary 
equipment including a ‘measuring device 40. The inven 
tion resides primarily in various features of the mono 
chromator .100, and in the combination of these features 
with other parts of the spectrophotometer. 

Considered broadly, the double monochromator 100 
comprises a ?rst section 1.10 between a ?rst aperture in 
the form of an entrance slit 102, a second aperture in the 
form of an intermediate slit 104, and a second section 
120 between the intermediate slit ‘104 and a third aper 
ture in the ‘form of an exit slit 106. Heterogeneous radia 
tion ‘from the source 10 entering the ?rst slit 102 is 
separated into a spectrum which lies adjacent the exit 
slit 106, thereby causing monochromatic radiation to 
emerge from the exit slit. More particularly, heterogene 
ous radiation entering the entrance slit 102 is dispersed 
in the ?rst monochromator section ‘110 to form. a spec 
trum at an intermediate slit 104 and selected radiation 
passing through the intermediate slit 104 is ‘further dis 
persed in the second monochromator section 120 to cause 
monochromatic radiation in a narrow ‘band of wave 
lengths containing very little stray light to emerge from 
the exit slit 106. 
The emerging monochromatic radiation, enters the 

comparator 20, where a beam director BD, which in 
cludes a motor in that rotates a mirror-chopper device 
comprising a mirror M’ and beam chopper, causes a por 
tion of the radiation to pass through a reference cell CR, 
and another portion to pass through a test cell CT. As 
explained more fully in co-pending patent application 
Serial No. 411,650, ?led February 23, 1954, now Patent 
Number 3,022,704, issued February 27, 1962, to Henry 
H. Cary, the beam de?ector BD periodically transmits 
radiation through the reference cell CR and through the 
sample cell CT to a photoelectric detector P. 

With this arrangement, two alternating series of pulses 
of light are transmitted to the photocell P, as indicated 
in FIG. 2.. One series of pulses PR corresponds to the 
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radiation transmitted through the reference cell. The 
other series of pulses PT corresponds to the radiation 
transmitted through the test cell CT. As more ‘fully de 
scribed in patent application Serial No. 411,794, ?led by 
Henry H. Cary and Roland C. Hawes on ‘February 23, 
1954, now Patent Number 3,025,746, issued March 20, 
1962, the ratio of the amplitudes of the two sets of 
pulses is measured in the measuring circuit 40. More 
particularly, as explained in said patent application Serial 
No. 411,794, the two sets of pulses are ampli?ed by the 
ampli?er 42, and they are segregated and compared in 
the ratio measuring circuit 44, and the resultant ratio is 
recorded on a recorder 46 as a ‘function of wavelength to 
form a spectrogram 47. The separation of the pulses in 
the recorder 46 and certain other desired functions are 
accomplished by means of a timing mechanism con 
trolled by the beam de?ector BD. The production of the 
desired spectrogram is accomplished by advancing the 
recording paper 45 of the recorder 46 past a recording ele 
ment (not shown) by means of a wavelength control 
unit W and by simultaneously varying the wavelength of 
the monochromatic radiation emerging from the exit slit 
106. By means of this invention it is a simple matter to 
produce a spectrogram in which the wavelength scale is 
linear throughout a wide range. 

Optical layout 

For convenience, the location of any point in the 
monochromator is described by the expression (x,y) of a 
system of Cartesian co-ordinates in which horizontal dis 
tances (y) in inches parallel to the vertical planes Y—Y 
through the slits 102, 104 and 106 are taken as ordinates, 
and horizontal distances (x) in inches parallel to the ver 
tical p-lane X—X normal thereto and passing through the 
entrance slit 102 are taken as abscissae. The origin 0 
of the co-ordinate system so formed is at the center of the 
entrance slit 102. In this system the positions of the slits 
102,104 and 106 are respectively (0, 0), (O, —3.1l) and 
(O, —8.34). 

In considering the construction and operation of the 
monochromator 100, speci?c reference is made herein 
below to a central ray entering the entrance slit 102 and 
travelling along path sections 1111, 114, ‘1121, 123, 134, 
137, 139 and ‘141, and emerging ‘from the exit slit 106 
as monochromatic radiation. Even though in practice the 
line along ‘which the slits 102, 10-4 and 106 lie is horizon 
tal, and the plane in which the central rays enter the 
monochromator and emerge therefrom lie in a horizontal 
plane, when referring to cO-ordinate positions with refer 
ence to the plane X—X positive positions or directions 
are referred to as “above,” and negative positions are 
referred to as “below,” and when referring to co-ordinate 
positions with reference to the plane Y—Y, positive posi 
tions and directions are referred to as to the “right" and 
negative positions and directions are referred to as to 
the “left.” It will also be understood, of course, that the 
terms up and down, right and left, and the like, have no 
absolute signi?cance but are purely relative. 

It will also ‘be understood that the speci?c dimensions 
and orientations, and characteristics and arrangement of 
elements of the monochromator described, are presented 
for purposes of illustration only, and that many variations 
in such dimensions and orientations and characteristics 
and arrangement of the elements may be made without 
departing from the principles of the invention. 

In the monochromator 100 of FIG. 1 the first mono 
chromator section 110 is a prism monochromator and 
the second monochromator section 120 is a diffraction 
gating mionochromator. The ?rst section 110 and the 
second section 120 lie on opposite sides of the set of slits 
1102, 104 and 106, all of ‘which face in the same direction. 
Each section is of folded-Z con?guration employing front 
surface mirrors as collimating elements, and the parts of 
the light transmission paths of the two sections that termi 
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6 
nate at the intermediate slit 104 are collinear. Each sec 
tion of the double monochromator thus formed possesses 
a minimum number of re?ecting surfaces and a low 
amount of oil-axis spherical aberration and coma. 
The radiation emerging from the exit slit 106 is not 

truly monochromatic .but includes a narrow band of 
wavelengths, and also a very small amount of stray light. 
For convenience, the wavelength at the center of the band 
of emerging radiation is referred to herein sometimes as 
the true wavelength. The true wavelength differs some 
what from the nominal or indicated wavelength that is 
indicated by the ‘wavelength dial of the instrument, as 
described hereinafter. In a carefully made instrument 
of the type that is described herein, the indicated wave 
length may never depart from the true wavelength by 
more than about 4 A. over a wavelength range from about 
0.20/4 to about 3.0g. 
The ?rst section 110 is formed by ‘a prism mono 

chromator of the Czerny type. Heterogeneous radiation 
entering the entrance slit 102 travels in a positive direc 
tion along a path section “111 normal to the plane Y-~Y 
and strikes a spherical front-surface collimating mirror 
112, the center of which ‘is at the position (11.8, 0). The 
length of the path section ‘111 is this 11.8", and the ef 
fective focal length of the mirror 112 is 11.8". Hetero 
geneous radiation is thus transmitted in a negative direc 
tion along the path section 114 at an angle of about 189° 
to the dispersing prism 115. 
As indicated in FIG. 3, the long, or altitude, side face 

116 of the prism 1‘15 passes through the vertical axis Z’ 
of rotation while the hypotenuse face 117 lies to the right 
thereof. The short, or base, side face 118 of the prism 
lies above the pivot axis Z’, the apex 119 of the prism thus 
being directed downwardly. The prism 115 has a totally 
re?ecting mirror 129 formed on its altitude face 116 and 
has an apex angle of 30", thereby providing in elfect, a 
60° refracting prism. The prism employed in the em 
bodiment of the invention described herein is formed of 
fused silica. The length of the altitude face 116 is about 
1%". 
The prism 115 is mounted for rotation about a verti 

cal axis Z’ that is located at the position (+1.25, —l.47). 
The axis Z’ lies near the center of the altitude face 116 
of the prism. 115 nearest the slit plane Y—Y. The exact 
orientation of the mirror 112 is such that the collimated 
beam enters the hypotenuse face 117 of the prism. 
As indicated more clearly in FIG. 3, a ray that enters 

the prism 115 along the path section 114 strikes the 
mirror 1116 at the back of the prism and is re?ected to the 
right, emerging from the prism to .the right. The mono 
chromatic radiation of the wavelength which is of interest 
is transmitted to the right along the path section 121 
that forms an angle of —9°30' with the path section 114. 
This dispersed radiation then strikes a second front-sur 
face collimating mirror ‘122 which re?ects it downwardly 
and to the left along the path section 123 to the intermedi 
ate slit 104. The mirror 122 which has an effective focal 
length of 11.8" and which is located at a position along 
the path section @123 that is 11.8" from the intermediate 
slit 104 focuses different wavelength components of the 
radiation emerging from the prism 115 at the interme 
diate slit. The path section ‘123 extends in a direction of 
about 186°30'. 
With the prism monochromator section, a real mono 

chromatic image of nominal wavelength of the entrance 
slit 102 is formed at the intermediate slit 104. The wave 
length of the nominal monochromatic radiation located at 
this position may be varied by rotating the prism about its 
axis of rotation Z’. As indicated in FIG. 1 by the sym 
bols R’, G’ and B’ on the right side of the intermediate 
slit 104, monochromatic real images of the entrance slit 
of shorter~wavelength radiation are located above the 
intermediate slit, and monochromatic real images of the 
exit slit of longer-wavelength radiation are located below 
the intermediate slit ‘104. 
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The diffraction grating section 120 of the mono 
chromator is of the re?ection-grating type. Mono 
chromatic radiation transmitted along the path section 
123 enters the diffraction grating section along the path 
section 134 ‘which is collinear therewith. The radiation 
entering the diffraction grating section 130 travels along 
the path section 134 a distance of 15.74" to a front 
surface spherical collimating mirror 135 having a focal 
length of 15.74". The collimated radiation re?ected by 
the mirror 135 travels along the path section 137 to the 
diffraction grating 138. The position of the mirror 135 
is adjusted so that the central ray travels along a path 
section 137 that intersects the center of the grating 138 
when the latter is in a position to re?ect white light along 
a path section 139. This occurs when the grating is in 
the “zero-order“ position in which the grating acts as a 
plane mirror having a normal that bisects the angle be 
tween the two path sections 137 and 139. The diffrac 
tion grating 138 is rotatable about a vertical axis Z" to 
vary the nominal wavelength of the monochromatic radia 
tion which is to be produced by the monochromator. To 
minimize absorption by the prism, the axis of rotation Z" 
of the grating, which is located at the position (-3.87", 
—4.90") is approximately conjugate to the position of the 
apex 125 of the prism 115. 

In the grating section 120, radiation of the nominal 
monochromatic wavelength travels to the left along the 
path section 139 in the direction of about +l91°30' to 
a front-surface spherical collimating mirror 140 having an 
effective focal length of 15.74". 
by the focusing mirror 140 travels to the right along the 
path section 141, where it is focused at the exit slit 106, 
15.74" from the focusing mirror. The path section 141 
extends in a direction of 0°, the two path sections 141 and 
111 being parallel and both being perpendicular to the 
plane Y_—-Y of the slits 102, 104 and 106. 
As indicated in FIG. 1 ‘by the letters R”, G" and B", 

if heterogeneous radiation enters the intermediate slit 104, 
then a real monochromatic image of the intermediate slit 
104 of the nominal wavelength is formed at the exit slit 
106, and real monochromatic images of the intermediate 
slit 104 of longer wavelength are formed above the slit 
106, while real monochromatic images of the intermediate 
slit 104 of shorter-wavelength are formed below the exit 
slit 106. 

In accordance with this invention, the two dispersing 
elements, namely, the prism 115 and the grating 138, are 
so oriented with respect to the incident beams that their 
effects in dispersing radiation are cumulative. This is 
done in the present embodiment of the invention by 
mounting the prism with its apex on the lower side, that 
is on the left side of the incident beam as viewed in the 
direction of travel along the beam, and by mounting 
the grating in a position rotated counter-clockwise from 
the zero-order position. Counter-clockwise rotation of 
the prism 115 causes the nominal wavelength of the 
radiation passing through the intermediate slit 1.04 to 
increase. Counter-clockwise rotation of the diffraction 
grating also causes the nominal wavelength of radiation 
transmitted from the intermediate slit 104 to the exit slit 
106 to increase. The angles of rotation are so coordi 
nated by means of a mechanical transformer that the 
nominal wavelength of radiation transmitted through the 
prism section 110 is the same, or substantially the same, 
as the nominal wavelength of the radiation transmitted 
through the diffraction grating section 120. The speci?c 
transformer that is described in detail hereinafter operates 
to render the monochromator 100 effective throughout a 
wide-wavelength range extending from a short distance 
above the short-wavelength absorption band of the prism 
to a wave-length slightly below the maximum wave-length 
of the ?rst order spectrum produced by the diffraction 
grating 138. 

So far as the dispersing properties of the monochro 
mator 100 are concerned, the intermediate slit 104 is not 

The radiation re?ected . 
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8 
needed, because the dispersing properties of the prism 115 
and the grating 138 are additive. However, the inter 
mediate slit 104 along with suitable walls and masks are 
employed in order to minimize the amount of stray radia 
tion transmitted through the instrument. More particu 
larly, a main transverse wall 150 is arranged within the 
housing 152 for mounting the slits 102, 104 and 106, as 
described in more detail hereinafter. Furthermore, a 
wall section or mask 154 is provided to isolate the source 
10 from the diffraction section 120 so as to prevent any 
radiation from entering the diffraction section without 
?rst passing through the prism section 110. Furthermore, 
a ballle or mask 156 is provided to minimize any excess 
leakage of stray radiation from the prism section 110 to 
the entrance 107 of the comparator 20 without ?rst pass 
ing through the diffraction section 120. Furthermore, 
the entire housing is of light~tight construction so as to 
prevent any radiation from entering the monochromator 
100 except through the entrance slit 102 and the exit slit 
106. Normally, however, no radiation will enter the exit 
slit 106 when the instrument is used in the arrangement 
shown, since the sample compartment 20 is also light 
tight. Thus, the only radiation transmitted through the 
monochromator 100 is that which enters the entrance slit 
102 and passes through both the intermediate slit 104 and 
the exit slit 106. By mounting the slits 102, 104 and 106 
close to the wall 150, no light leaks past the sides of the 
slits through the monochromator. 

It will be noted that the collimating mirrors 112 and 
122 on each side of the prism 115 are of the same focal 
length and the collimating mirrors 135 and 140 on each 
side of the diffraction grating 138 are of the same focal 
length. For this reason each of the monochromator sec 
tions 110 and 120 possesses an optical magni?cation of 
about unity. The departure from unity in the magni?ca 
tion arises from the fact that, normally, the width of the 
monochromatic collimated beams incident on and emerg 
ing from each dispersing element are different. The spe 
ci?c embodiment of the invention is designed to be equally 
effective regardless of which terminal slit is used for the 
entrance slit and which is used for the exit slit. Accord‘ 
ingly, the entrance slit 102 and the exit slit 106 are made 
of the same width, in order to achieve maximum intensity 
for a given resolving power. If, for some reason, the 
magni?cation of one or more of the sections were not 
about unity, in any event, the width of each terminal slit 
should be made substantially equal to the width of a pure 
monochromatic geometrical image of the other terminal 
slit 102 formed at the position of the ?rst mentioned 
terminal slit. 

In order to overcome or compensate for curvature 
effects caused by the prism 115 and the grating 138, the 
slits 102 and 106 are curved in opposite directions, while 
the intermediate slit 104 is curved in the same direction 
as the entrance slit 102. The curvature of the entrance 
slit 102 and the intermediate slit 104 are substantially 
equal, whereas the curvature of the exit slit 106 is less 
than either of the foregoing slits. The radii of curva 
tures may have diiferent values, but in a specific instance 
the various radii of curvatures of slits 102, 104 and 106 
were respectively 20.22", 20.22", and 32.8". Due to the 
fact that the index of refraction of the prism 115 and 
the angle of inclination of the diffraction grating relative 
to the rays 137 and 139 vary with wavelength, the actual 
curvature of the image of the entrance slit 102 formed at 
the exit slit 106 varies somewhat with wavelength. 
Where in this speci?cation, reference is made to a 

monochromatic image of one slit at the position of an 
other, it is to be understood that the monochromatic 
image referred to is not necessarily an actual image 
formed at the position in question by radiation trans 
mitted from the position of the first slit to the position 
of the second slit, but is merely one that could be formed 
there if radiation were transmitted in the proper direc 
tion. Thus, for example, where reference is made here 
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inafter to a monochromatic image of the exit slit at the 
intermediate slit in the speci?c monochr'o-mator illustrated 
in FIG. 1, it will be recognized that no such image is 
actually formed there due to the fact that no radiation is 
actually being transmitted from the exit slit to the inter 
mediate slit. Nevertheless, the term has a real meaning 
even though in the particular‘ application of the device 
radiation may be transmitted not in such a direction as 
to form the image in question, but in the opposite direc 
tion. Ideally, the intermediate slit 104 could very well 
be of the same width as the entrance slit 102. This 
would result in the maximum reduction of stray light. 
However, due to slight errors in parts of the instrument 
and slight variations in their operation from time to time, 
the image of the entrance slit 102 formed at the inter 
mediate slit 104 at any single nominal wavelength may 
be displaced somewhat from the image of the exit slit 106 
formed at the intermediate slit 104 at the same nominal 
wavelength. For this reason in order to be certain that 
radiation of the same true wavelength is transmitted by 
both monochromator sections 110 and 120, the width of 
the intermediate slit 104 is made slightly greater than the 
width of either of the terminal slits 102 or 106. In the 
speci?c monochromator described herein the excess width 
of the intermediate slit was about 0.01". 
The general layout of the optical paths of the two 

monochromator sections provides a compact double 
monochromator in which re?ection losses and stray light 
are reduced to a minimum. The minimization of re?ec 
tion losses and off-axis spherical aberrations and coma is 
produced by employing two monochromator sections in 
each of which the ray paths are of W or folded-Z con< 
?guration, and in which the emergent ray of the ?rst 
monochromator forms the entering ray of the second 
monochromator. More particularly, it will be observed 
that each of the monochromator sections 110 and 120 
includes a single re?ecting spherical mirror on each site 
of its dispersing element. The use of front-surface mir 
rors is superior to the use of lenses because they do not 
introduce chromatic aberration, and thus can be set for 
best focus with visible light. which focus need not he 
readjusted when employing the instrument in either the 
ultraviolet or infrared regions. Furthermore, front-sur 
face mirrors have only one light-scattering surface, 
whereas a lens has two. 
By surfacing the spherical mirrors with a suitable high 

re?ecting material spectral di?erences in re?ection co 
ef?cients may be minimized throughout the wavelength 
range in which the instrument is to be used. In this 
particular spectrophotometer, which is designed to oper 
ate over a wavelength range from 0.2U25pt to about 3.0/1. 
the mirrors may be coated by evaporation of alumi 
num onto them to render the monochromator e?icient in 
the ultraviolet region as well as elsewhere. In the prism 
monochromator, in addition to the spherical mirrors 112 
and 122, a re?ecting surface 129 is located at the altitude 
face 129 of the prism 115, so that in all three re?ecting 
surfaces, the very minimum attainable in a prism mono 
chromator are employed. In the diffraction grating sec 
tion 120 besides the spherical mirrors 135 and 140, one 
re?ecting surface is provided by the diffraction grating 
itself. Thus, in the diiTraction-grating monochromator 
section too, only three re?ecting surfaces, the very mini 
mum possible, are employed. The use of separate col 
limating mirrors for the incident and diffracted beams 
renders the grating section superior to one of the so 
called auto-collimated Littrow type which employs the 
same mirror twice. This superiority follows from the 
fact that scattered radiation from only one beam is pro~ 
duced at a reflecting surface that focuses radiation on a 
slit. 

In any event, it is thus seen that a minimum number 
of re?ecting surfaces are employed in a double mono 
chromator which incorporates the double—W, or com 
pound folded~Z pattern of this invention. As a result, 
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10 
re?ection losses are reduced to a minimum, thus produc’ 
ing a high efficiency of transmission through the mono 
chromator in the ultraviolet region. Furthermore, it is 
well known that the use of Z and foldecl—Z con?gurations 
minimize otl~axis spherical aberration and coma. 

By arranging the collirnating means of the two sections 
in a folded-Z con?guration, oil-axis spherical aberration 
and coma are minimized. By employing a compound 
folded-Z pattern, as described herein, a compact mono— 
chromator is provided in which the terminal slits 102 and 
106 are readily accessible for the mounting of a source 
10 at one end and a sample comparator 20 at the other 
end. Furthermore, by virtue of the fact that right-angle 
bays are provided in the compartment 152 at the termi 
nal slits 102. and 106, it is easy to mount a source unit 
10 and a comparison unit 20 without requiring the re?ec 
tion or refraction of the beam transversely of the termi< 
nal path sections 111 and 141. 

Furthermore, by employing a folded-Z con?guration 
in each monochr'omator section, as described herein, the 
sizes of the monochromatic images of the terminal slits 
102 and 106 at the position of the intermediate slit 104 
are maintained at a minimum. For this reason, higher 
resolving power and minimization of the intensity of the 
scattered radiation are produced than would occur if the 
collimating means in one section were employed to over 
come off~axis spherical aberration and coma introduced 
by the collimating means of the other section. 

It will be understood, of course, that other types of 
measuring devices than the comparison ‘unit 20 may be 
employed, and still obtain the advantages of the mono 
chromator. It will also be understood, that radiation 
may be transmitted through the monochromator in the 
opposite direction from that speci?cally described above 
by employing the terminal slit 106 as the entrance slit 
and the terminal slit 102 as the exit slit, while still retain 
lug the advantages of the monochromator. 

Slit structure and operation 

In spectrophotometry it is desirable to maintain the 
intensity of the monochromatic radiation transmitted to 
the photocell P through the reference cell CR of about 
the same value, irrespective of the variation of wave 
length. In this way the amplitude of the signals appear— 
ing at the output of the ampli?er 42 corresponding to 
transmission of radiation through the reference sample 
CE is kept nearly constant. By setting such constant 
value in the linear part of the ampli?cation factor of the 
ampli?er 42, that is below the overload ‘point of the am 
pli rer' 42, the servo-mechanism (as described hereinafter) 
that controls the slit width does not become inefiective 
or sluggish because of lack of response of the ampli?er 42. 

In the present invention the signals appearing at the 
output of the amplifier 42 only when radiation is being 
transmitted to the photocell P through the reference 
sample CR are transmitted through a power ampli?er 
43 to a servo-motor M. A relay i5 is opened by the 
beam de?ector BD periodically only during intervals that 
radiation is being transmitted through the reference cell 
CR. Accordingly, voltage pulses are applied to the am 
plifier 43 in accordance with the deviation of the ampli— 
tude of the pulses PR radiation transmitted through the 
photocell from a standard value. A voltage comparator 
(not shown) included in the relay 45 supplies a DC. 
voltage to the ampli?er 43 in proportion to such devia 
tion. The amplified pulses are applied to the servo 
motor SM to adjust the widths of the slits 102, 104 and 
106 in such a direction as to maintain the amplitude of 
the reference-sample signals PR substantially constant. 

According to this invention, the slits 102, 104 and 106 
are arranged in a common plane so that they may be 
easily formed by slit jaws carried by a pair of oppositely 
movable plates as described in more detail hereinafter. 
Thus, in accordance with the present invention, a simple 
arrangement is provided for adjusting the width of the 
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terminal slits equally, thereby maintaining maximum 
resolving power with a mouochromator having about 
unity magni?cation. Furthermore, with this invention 
the width of the intermediate slit is also adjusted auto 
matically in unison with the adjustment of the widths 
of the terminal slits 102 and 106 while maintaining the 
width of the intermediate slit a ?xed amount larger than 
the width of either terminal slit. In this way, accommo 
dation is provided for some relative displacement of 
variable nature, or wandering, of images of the terminal 
slits 102 and 106 of nominal wavelength at the inter 
mediate slit. By accommodating for such wandering, 
high resolution and low stray light intensity are attained 
without sacri?ce of beam intensity. While the mono 
chromator could be operated with all slits of about the 
same width, the arrangement described in which the en 
trance and exit slits are of equal width and the interme 
diate slit is of slightly greater width, provides high re 
solving power and a high ratio of intensity of monochro~ 
matic radiation to intensity of stray radiation. 
The structure which de?nes the slits 102, 104 and 106 

and the mechanism for adjusting the width of the slits is 
illustrated in H6. 5. The slit-defining structure com 
prises a vertical base plate 160 suitably secured to the 
partition wall 150 of the monochromator housing 152. 
The wall 150 and the plate 160 are provided with open 
windows 162, 164 and 166, as shown particularly in 
FIG. 1, opposite the slits 102, 104 and 106 respectively. 
The slits 102, 104 and 106 are established by correspond 
ing pairs of opposing slit-de?ning jaws 172, 174 and 176. 
One jaw of each pair is mounted on a movable plate 178, 
and the other jaw of each pair is mounted on another 
movable plate 180. As indicated more clearly in FIG. 6, 
the heights of each of the windows 162, 164 and 166 is 
less than the heights of the jaws adjacent thereto, the 
jaws overlapping the windows at both ends, so that, in 
effect, each slit is de?ned in a horizontal direction by 
the slit-de?ning jaws, and vertically by the top and bottom 
of the adjacent window. The slits all face in the same 
direction and lie in the same plane. In practice, a mask 
having apertures of the required heights may be positioned 
between the base member 160 and the plates 178 and 
180 to de?ne the heights of the slits. 
The two movable jaw-supporting plates 178 and 180 

are mounted in slidable contact with the base plate 160. 
The sliding contacts are provided by means of bearings 
including curved sapphire elements 182 adjustably posi 
tioned relative to the base member 160 and by means of 
?at tungsten carbide pads 184 cemented to the movable 
plates 178 and 180, as indicated in FIG. 7. Flexible 
hinges 179 connected at one end to the base plate 160 
and at the other end to the upper movable plate 178 
urge this movable member toward the base plate 160, 
thereby preserving suitable contact between the bearings 
and pads associated therewith. Likewise, ?exible hinges 
181 connected at one end to the base plate 160 and at the 
other end to the lower movable plate 180 urge this mov 
able member toward the base plate 160, thereby pre 
serving suitable contact between the bearings and pads 
associated therewith. The ?exible hinges 179 and 181 
are formed by rigid rods having short resilient wires at 
these ends. These wires are so biased as to press the 
pads 184 against the bearings 182. They are also biased 
to press each pair of slit-de?ning jaws toward each other. 
In addition, each pair of ?exible hinges 181 and 179, 
is mounted to provide a parallelogram mounting for its 
corresponding movable plates 178 and 180 so that as each 
plate is moved the sets of slit jaws mounted on it are 
translated without rotation. 
The movement of the slit jaws is accomplished by 

means of an elliptical cam 190 that is rotated about its 
center about a horizontal axis normal to the plates 
178 and 180 by means of a gear 191 driven by a 
worm 192 carried at the inner end of a shaft 193. Op 
posite sides of the cam 190 engage opposed vertical bear 
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ing surfaces 194 and 195 formed by tungsten carbide pads 
on the movable plates 178 and 180 respectively. The 
shaft 193 is supported in a bearing 198, which is rigidly 
mounted on the base plate 160. The shaft 163 is con 
nected through a ?exible coupling 199 to a driving shaft 
200. The driving shaft 200 is connected through a gear 
train 202 to the servo-motor SM and also to a manually 
rotatable slit-width adjusting knob 204. A dial 206 ar 
ranged on an idler bevel gear 208 is operated by a bevel 
gear 210 at the outer end of the driving shaft 200 to indi 
cate the slit width. 
From the foregoing description of the slit-width adjust 

ing mechanism, it will be observed that the width of the 
slits 102 and 106 are always maintained equal and are 
the knob 204 or by rotation of the servo-motor SM. 
In either event the width of the two terminal slits 102 and 
106, which are equal, are indicated by the portion of the 
dial that is opposite a pointer 212. By virtue of the type 
of bearings employed and the resilient mounting of the 
movable plates 178 and 180, accurate reproducible set 
tings of the slit widths are obtained and they are cor 
rectly and accurately indicated by the dial 206. 

The opposing edges of the pairs of slit jaws are in the 
form of "knife edges," the opposing edges oi each pair 
lying in the same plane Y—Y. 
The screws 183 upon which the sapphire bearings 182 

are mounted are adjusted in such a way that the slit jaws 
all move in the same plane. 

it is to be noted that each of the movable plates 178 
and 180 is provided with four ?ngers, and that the ?ngers 
of the two movable plates are alternately spaced to pro 
vide three pairs of opposing elements upon which the slit 
jaws are mounted and one pair of opposing elements 
which engage the cam 190. 

With this arrangement the widths of the two terminal 
slits 102 and 106 are always maintatined equal and are 
varied as necessary to maintain the output of the ampli 
?er 42 substantially constant. At the same time, the 
width of the intermediate slit 104 is maintained slightly 
greater than the widths of the two terminal slits 102 and 
106, thus assuring high resolving power consistent with 
satisfactory beam intensity and maintenance of the level 
of stray light at a low value. 

Scanning system 

in accordance with this invention, the prism 115 and 
the grating 138 are rotated together so that they cooper 
ale to scan a spectrum throughout a wide-wavelength 
range. More particularly, in the speci?c embodiment of 
the invention disclosed herein, scanning is accomplished 
with high resolution of the tmonochromator throughout 
the entire transmission band of a fused silica prism. In 
accomplishing the scanning over the desired wide-wave 
length range, the prism 115 and the grating 138 are 
rotated simultaneously in such a way that the two mono 
chromator sections 110 and 120 always transmit radiation 
of the same true wavelength at each of the settings. While 
the rotation of the prism 115 and the grating 138 may be 
performed by means of separate manually adjustable con 
trols and still obtain the benefits of some features of my 
invention, in the best mode of carrying out the invention 
the prism and grating are rotated simultaneously by a 
single wavelength control device W that operates a 
mechanical transformer T to maintain the angular posi 
tions of the prism and the grating properly coordinated at 
all times. in the speci?c embodiment of the invention 
illustrated, the transformer T is operated through a sine 
bar mechanism S, so as to produce indications on a linear 
wavelength scale or indicator such as a counter 200a. 
The fused silica prism employed in the speci?c embodi 

ment of the invention described herein has an absorption 
band at a wavelength A, of about 016p and another ab~ 
sorption band at a wavelength 12 of about 3.5”. A par 
tial absorption band occurs at about 2.8a. Between the 
two major absorption bands at about 1.6g and 3.5a fused 
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silica is transparent in different degrees depending upon 
the wavelength. In the region in question, the index of 
refraction n of fused silica varies with wavelength >\ some 
what in the manner indicated by the graph G1 of FIG. 9. 
Referring to graph G1, it will be noted that the dispersion 
of fused silica is very high at low wavelengths. especially 
in the ultraviolet region between about 0.2” and 0.3”, ‘but 
that the dispersion is considerably lower in the visible 
range between about 03p. and (175p, and that it is also 
low in part of the infrared region shown between about 
0.75/1. and 30p. While there is some inaccuracy in this 
graph adjacent the partial absorption band at about 2.8a, 
compensation for this fact is taken into account by the 
automatic widening of the slits. 

In ‘the prism monochromator 110, a prism having an 
apex angle of 30° has been employed. For this mono 
chromator to transmit radiation having a wavelength of 
0.2025“, the reflecting face 129 is initially set at an angle 
of about 72° 25’ as indicated in FIG. 1. The angle 6 
through which the prism must be rotated counterclock 
wise to vary the wavelength A of the transmitted mono 
chromatic radiation is indicated by graph G2 of FIG. 10. 
The correesponding angular dispersion 

5 
of the prism as a function of wavelength .‘t is indicated 
by the graph G3 of FIG. 11. As previously indicated, 
the dispersion is high at short-wavelengths and is low 
at long wavelengths. It will be noted, particularly from 
the graph 6;; of 61 vs. A, that about 0.3a the rate at which 
91 changes with >\ ‘begins to level off, so that in this region 
the resolving power of the prism diminished greatly. 
The diffraction grating 138 is of the replica type. In 

order for it to have a maximum range of operation at 
high resolving power in its ?rst order spectrum, its grating 
constant is so selected that the maximum wavelength to 
appear is slightly above the maximum wavelength which 
is to be transmitted through the ‘monochromator. To 
render the efficiency of the monochromator high even 
when employing a hydrogen discharge lamp to supply the 
heterogeneous radiation, the “blaze," or angle of the 
facets of the grating rulings is so established that the 
normal of the facets bisects the angle between the inci 
dent and diffracted rays 137 and 139 when the grating 
is set to transmit short-wavelength radiation, such as ultra 
violet radiation having a wavelength of 0,251.4. The 
grating 138 employed in the monochromator illustrated 
has a grating constant of 600 lines/mm. This grating 
constant corresponds to an upper limit of 333p in the ?rst 
order spectrum. 
The face of the diffraction grating 139 assumes an 

angle of about 97° for the grating monochromator sec 
tion 120 to transmit monochromatic radiation of a nom 
inal wavelength of 020255;». The angle through which 
the diffraction grating must be rotated counterclockwise 
to vary the wavelength of monochromatic radiation trans— 
mitted from the center of the intermediate slit 104 through 
the center of the exit slit 106 is indicated by graph G; 
of FIG. 10 and the manner in which the angular disper 
sion 

(if/2 
E 

of the grating section 120 varies with wavelength is in 
dicated in graph G5 of FIG. 11. Though the angular dis 
persion of the diffraction grating does not vary a great 
deal, at least when compared with the angular dispersion 
of the prism 115, it will be noted that the angular dis 
persion of the diffraction grating increases rapidly above 
about 1.5g. 
A comparison of graphs G3 and G5 of FIG. 11 discloses 

that the angular dispersion of the prism 115 is greater 
than the angular dispersion of the di?lraction grating be 
low about 0.275“, and that the angular dispersion of the 

in 
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diffraction grating is greater than the angular dispersion 
of the prism above about 0275a. In the monochroma 
tor of this invention, the prism 115 is rotated at a faster 
rate than the diffraction grating 138 at wavelengths be 
low about 0275p. and the diffraction grating is rotated 
at a faster rate than the prism above about 0.275;). in 
order that the double monochromator 100 may be highly 
effective both in a short-wavelength region immediately 
above the low-wavelength absorption band of the prism 
but also throughout the remainder of the transmission 
band of the prism. 

In practice. in order to maintain high resolving power 
of the double monochromator 100. the angle ()1 of the 
prism and the angle .92 through which the diffraction grat 
ing are rotated must be carefully and accurately con 
trolled. Typical values of the prism angle 01 and the 
grating angle 62 corresponding to a nominal wavelength 
x are listed in Table I. 

TABLE I 

Wavelength Mp) Prism G rating 
Angle 01 Angle 02 

l Degrees Degrees 
(1.302550 _____________________________________ ._i l) l) 
Hind/B9‘ (l. [509 U. 207 
(L2 503. 1. 093 ii. 397 

' 1. 9-17 0. 953 
‘2. 879 l. 757 
3. 037 ‘l. 402 
3. 547 4. n7‘: 
3. 527 ll. lltls 
4.243 ‘ 14.381 
4. 493 24. 103 
4, S45 37. 153 
5. 5124 61.904 

According to this invention, a mechanical transformer 
T is provided in which the required relationship between 
the positions of the prism 115 and the positions of the 
diffraction grating 138 are correctly related and auto 
matically established at all wavelengths of the spectrum 
between the limits of the instrument. The transformer 
in question is so designed as to render it compact and to 
render it subject to machining within reasonable though 
strict, tolerances and at the same time to provide ade 
quate leverage for rotating the prism by applying power 
to a device which rotates the diffraction grating more or 
less directly but before power is applied to rotate the 
prismv 

Referring particularly to FIGS. 5 and 8. a motor m2 
which forms part of the Wavelength control unit W of 
FlG. l is employed to vary the wavelength and to 0p 
erate the counter 200a through a gear train including the 
speed reducer 2131a, spur gears 202a and 203a and bevel 
gears 204a and 205a. The driven spur gear 203a and 
the driving bevel gear 204a are mounted on the end of a 
shaft 206a, which carries a lead screw 208a that extends 
horizontally substantially all the way across the housing 
152 parallel to the plane Y—Y. The shaft 206a is 
mounted in a compartment 210 arranged above the 
monochromator and is restrained by any suitable kind of 
bearing against longitudinal movement along its axis. 
The lead screw 208a and a pivoted driven grating bar, or 
sine-bar 212a. which is attached to the diffraction grat 
ing, comprise parts of the driving sine-bar mechanism. 
By means of this mechanism the diffraction grating 138 is 
rotated in such a way that changes in the indication of. 
the counter 200a are proportional to changes in the wave 
length transmitted through the diffraction monochroma 
tor 120. By choice of suitable lead screw pitch. sine-bar 
length, and gear ratios the counter is made to indicate the 
Wavelength A diiectly in microns (/4). 
The sine‘bar mechanism also includes an elongated 

threaded nut 214 engaging the lead screw 208a and re 
strained against rotation by means of rollers 216 that are 
mounted on the outer end of a stabilizing bar 218 and are 
arranged on opposite sides of a transverse stabilizing rail 
219 parallel to the shaft 206a. A trapezoidal guide plate 
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220 having an inclined face 222 is mounted on the upper 
side of the nut 214. The sine-bar 212a is provided with 
a guide roller (not shown) to permit it to rest upon the 
upper side of the nut 214 and to be moved relatively there 
to without excessive friction or binding. A roller 224 
mounted to rotate about a vertical axis at the outer end of 
the sine-bar 212a engages the inclined face 222 of the 
guide plate 220 and is drawn toward that face to assure 
good contact therewith by means of a pair of coil springs 
226 and 227. 

It can be shown that the wavelength of the radiation 
transmitted by the diffraction-grating section 130 is given 
by the following formula 

cos 0Q sin a A (1) 

where 
0z=angle between incident path section 137 and diffracted 

path section 139 (see FIG. 1); 
azangle between normal to diffraction grating indicated 

by the number 230 in FIG. 8, and a line 232 along 
which the normal lies when A20. 
By arranging the face 222 of the guide plate 220 

parallel to the line 232, the correct desired relationship be 
tween the position of the nut 214 on the lead screw 208a 
and the position of the diffraction grating 138 is estab 
lished in accordance with Formula 1 above regardless 
of the distance from the lead screw 208a to the axis Y—-Y. 
The sine-bar mechanism S thus maintains a linear rela 
tionship between the angle of rotation of the lead screw or 
displacement of the nut 214 and the wavelength of the 
monochromatic radiation transmitted through the diffrac 
tion grating section 120. 
The mechanical transformer T between the diffraction 

grating 138 and the prism 115 is provided by a cam face 
240 formed on one side of the sine or grating bar 212a 
and a three-bar linkage including a follower bar 242, 
which is pivoted about an axis Z’” adjacent the lead screw 
284, a prism bar 244 secured to rotate the prism 115 about 
its pivot axis Z’, and a short interconnecting link 246 
pivotally connected at one end at a point between the 
ends of the ?rst pivoted arm 242 and at the other at a 
point near the outer end of the second pivoted arm 244. 
In practice, the interconnecting link consists of a rigid rod 
having hemispherical ends which are located within 
hemispherical sockets 243 mounted on or fonmed in the 
pivot arms 242 and 244. The centers of the hemispheres 
are the effective pivot points. One end of a tension coil 
spring 248 is connected to a point intermediate the ends 
of the grating bar 212, and the other end of the spring is 
connected to the outer end of the prism bar 244. The 
spring 248 urges the ?rst rotatable arm 242 into ?rm 
contact with the cam face 240 and restrains the pivoted 
link, so as to remove back lash and render the angular 
setting of the prism for each setting of the grating accu— 
rately reproducible. 
The exact shape of the cam face 240 depends upon a 

large number of factors, including the effective lengths of 
the bars 242 and 244, the positions of their axes of rota 
tion, their widths and the effective length of the link 246, 
the grating constant N, the angle 02 between the incident 
and diffracted rays 137 between the incident and diffracted 
rays 137 and 139, the angle 91 between the incident and 
refracted rays 114 and 121, the angle of the prism 115, 
and especially upon the dispersion characteristics of the 
particular material employed in the prism 115. In any 
event, these various factors and the dimensions and posi 
tions of the arms 242 and 244, and the shape of the cam 
face 240 may be selected in a wide number of ways, as will 
now be apparent to those skilled in the art. 
A transformer T of speci?c design suitable for use in the 

present invention is illustrated in FIG. 12, where the rela 
tive positions, sizes and shapes of the elements of the 
transformer are shown. As indicated there, the axes or 
rotation Z’, Z" and Z'” of the prism bar 244, the sine bar 
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or grating bar 212, and the follower cam bar 242, are 
located at the positions (1.25, -—1.47), (-3.88, —-4.90), 
and (-—11.14, 0.72). The cam-engaging face 242a of the 
follower cam ‘bar 242 is offset from the pivot axis Z'” of 
the follower cam bar 242 by a distance L1=0.34". The 
effective length of the follower cam bar when considered 
as a lever of the linkage is L2:4.21", and the pivot point 
between the follower arm 242 and the connecting link 
246 lies in a direction counter-clockwise from the center 
line of the follower bar by an angle of about 525°. The 
length of the interconnecting link 246 is L3:0.95" and 
the effective length of the prism arm 244 between its axis 
Z’ of rotation and the point at which it is pivotally con 
nected to the interconnected link 246 is L4=8.39". 
Knowing such factors, including the corresponding posi 
tions at which the prism 115 and the diffraction grating 
138 must be set at different wavelengths, as indicated by 
the graphs of FIG. 10 or by the table above, it is obvious 
that the contours of the cam elements 240 and 242 may 
be designed by the application of elementary principles of 
geometry and trigonometry. 

In designing the particular cam shown in FIGS. 5, 8, 
l2 and 13, a ?at surface was chosen for the cam face 
242a of the follower cam bar 242, a cam radius of 
about 1%" was chosen for the long-wavelength limit of 
3.0”, for which the inonochromator was designed to 
operate. From this factor and the others already deter 
mined, the exact shape of the cam is established. The 
pro?le of such a cam is shown in FIG. 13. In this ?gure 
which is drawn to scale, the shape of the cam pro?le is 
indicated on an x——y coordinate system, having its origin 
0 at the axis Z". The value of the abscissae and ordinates 
are set forth in inches. The line 245 joining the axis of 
rotation Z" with the center of the roller 224 forms an 
angle 7 with the y axis, where sin 7:3/80. The posi 
tions of various points on the cam face 240 may also 
be described in terms of polar coordinates. In the fol 
lowing table, the positions of typical points are expressed 
in terms of radial distance r to the point and the angle 
H3 which is between the radius and the reference line 245: 

TABLE II 
93: 1' 

l0 __________________________________ __ 8.14 

15 ___________________________________ __ 6.56 

20 ___________________________________ __ 5.41 

25 ___________________________________ __ 4.53 

35 ___________________________________ __ 3.50 

45 ___________________________________ __ 2.91 

65 ___________________________________ ._ 2.27 

85 ___________________________________ __ 2.00 

105 __________________________________ _._ 1.81 

135 __________________________________ __ 1.56 

It will be understood, of course, that the links of the 
various parts of the transformer T and the positions of 
the axes of rotation Z’, Z" and Z’” may be altered by 
any constant proportion. In other words, the dimensions 
and lengths speci?ed for the parts of the transformer 
T need not be in terms of inches, but may be constructed 
in terms of any arbitrary unit. 
The speci?c type of transfonmer employed has a large 

number of desirable characteristics which render it par~ 
ticularly adaptable for use in a double monochromator 
employing a prism monochromator section and a diffrac 
tion monochromator section. The most important char 
acteristic of this transformer lies in the fact that the rate 
of rotation of the prism with respect to the rate of rota 
tion of the diffraction grating as de?ned by the formula 

d62- d?zldk 
may be made large at short-wavelengths and small at 
long-wavelengths. More particularly, it is to be noted, 
that the rate of rotation of the prism is greater than 
the rate of rotation of the diffraction grating at short 
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wavelengths below an intermediate wavelength ,\3 of 
about 0.275”; that the rates of rotation are equal at 
about this intermediate wavelength, and that the rate 
of rotation of the diffraction grating is large compared 
to the rate of rotation of the prism at wavelengths greater 
than this intermediate wavelength. With this arrange 
ment the double mono-chromator is readily adjusted to 
transmit both short-wavelengths in the region in which 
the prism has the greater dispersing power and at long 
wavelengths in which the diffraction grating has the greater 
dispersing power, as well as at intermediate wavelengths. 
At the same time, because of the fact that a linear wave 
length scale is provided, once the instrument is adjusted 
‘the wavelength transmitted ‘by the double monochromator 
is easily ascertained by reading the indication of the 
counter 200a. 

The cam face 240 is in the form of a somewhat spiral 
curve and has a relatively large radius of curvature at 
points corresponding to short-wavelength settings, and 
a relatively small radius of curvature at points correspond 
ing to relatively long-wavelength settings. At the rela 
tively short wavelengths, a given wavelength increment 
produces a relatively large rotation of the follower arm 
242, but at relatively long wavelengths, the same in 
crement in wavelength produces only a relatively small 
rotation of the follower arm 242. 
A transformer of the type described herein is par 

ticularly suitable to employ because the cam lift of the 
cams and the multiplying factor of ‘the linkage vary to 
gether, both being small in the long-wavelength region 
where the prism is to be rotated at a much slower rate 
than the diffraction grating and both being large in the 
ultraviolet region where the prism is to be rotated at 
a much higher rate than the diffraction grating. In this 
particular case, the term “cam lift” refers to the linear 
displacement of a point on the follower bar 212 at the 
point of contact with the driving cam pro?le that occurs 
for rotation of the grating bar through an angle of 1°. 
It is to be noted that the point of tangency shifts gradually 
during the scanning, being at a long radius from the 
axis Z" at short-wavelengths and a short radius from 
that axis at long-wavelengths. The desired relationship 
between cam lift and multiplying factor are attained partly 
by virtue of the fact that the cam ‘bar 212a and the 
prism bar 244 extend in the same direction while the 
follower bar 242 extends in the opposite direction and 
between them, and partly by virtue of the fact that the 
pivot point between ‘follower bar 212a and the inter 
connecting link 246 lie opposite the cam pro?le ‘between 
the ends of the cam and in the neighborhood of the 
wavelength at which the angular dispersion of the prism 
and the diffraction grating are about the same. 

It is to be noted that in the speci?c arrangement de 
scribed a rolling contact occurs between the cam surface 
240 and the follower bar 242 in the short-wave length 
range where maximum loading between the cam surface 
and the bar occurs. This is illustrated in FIG. 15 and 
is achieved in part by so designing the transformer that 
at a wavelength in the low-wavelength range, the cam face 
240 and the cam surface 242a of the follower bar 242 
make a contact on the line joining the axes Z" and Z’”. 
This position determines the offset of the cam surface 
242a from the‘ axis of rotation Z'” of the follower bar 
242. In practice, the cam is laid out on paper to be cer 
tain that it is of workable shape. It is then calculated 
more exactly. Then a cam is cut and its surface highly 
polished, ‘being gradually worked and smoothed to attain 
a high degree of accuracy in the correspondence between 
the nominal wavelength of the prism ‘monochromator 
section 110 and the diffraction monochromator section 
120. 

By constructing the cam surface 240 and 242a accur 
ately, it is possible to bring the monochromatic images 
of the two terminal slits 102 and 106 to foci which are 
substantially in coincidence near the center of the inter 
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mediate slit 104. By maintaining the close proximation 
of these images to each other, and to the center of the 
intermediate slit throughout the entire wavelength range, 
for which the instrument is designed to be used, the inter 
mediate slit may be made very narrow and only slightly 
wider than each of the two terminal slits. As a result, 
the amount of scattered radiation transmitted through 
the monochromator is maintained at a minimum, while 
still preserving a high resolving power. In the particular 
embodiment of the invention illustrated herein, each of 
the monochromatic images of the respective terminal slits 
was maintained within about 0.005” of the center of the 
intermediate slit, except in the neighborhood of the par 
tial absorption band at 2.8a where as indicated previously 
the index of refraction curve is somewhat erratic. As a 
result, by employing an intermediate slit that had a width 
of only 0.01" wider than either of the terminal slits 102 
or 106, the desired high resolving power with low scatter 
ing is obtained between about 0.2a to about 3.0“ except 
at about 2.8a. 

it will be noted that if the positions of the monochro 
matic images of the entrance slit 102 and exit slit 106 at 
the intermediate slit 104 are displaced substantially from 
the center of the intermediate slit, such as occurs for ex 
ample in the neighborhood of the partial absorption band 
at 2.8a, very little radiation can be transmitted through 
the monochromator unless the width of the intermediate 
slit is increased. In the spectrophotometer described, this 
increase occurs automatically during the scanning. It 
will be noted. however, that an increase would also occur 
because of the fact that the intensity of the radiation trans 
mitted through the prism section is also reduced in the 
neighborhood of the absorption band. It is thus apparent 
that by automatically regulating the width of the slits as 
hereinbefore described. the winding of the slits in the 
neighborhood of an intermediate absorption ‘band such 
as that occurring at 2.8“ not only compensates for the re 
duction of intensity of radiation transmitted through ‘the 
prism monochromntor section, ‘but also tends to compen 
sate for deviations of the index of refraction from the 
smooth curve G1 shown in FIG, 9, and the smooth an 
gular dispersion curve G2 shown in FIG. 10. 

In FIG. 14, there is illustrated a modified form of the 
transformer shown in FIG. 8 and FIG. 12. In this form, 
the straight follower bar 242 is replaced by a follower 
cam bar 342 which has on one side a straight edge cam 
face 342a corresponding with the cam face 242;; and a 
cam lobe or curved cam face 340 on the opposite edge 
similar to the cam lobe or cam face 240 of the sine-bar 
or grating ‘bar 212a. Thus, a double-cam structure is 
provided by the cam lobe faces 240 and 340, with the re 
sult that the connecting link 246 of FIGS. 5, 8, l2 and 
15 is eliminated. The spring 248 is relied upon as before 
to maintain the contacts and insure proper following 
action. 

The calm elements 342 and 244 of FIG. 14 effect sub 
stantially the same multiplying action the linkage above 
described for the structure of FIGS. 8 and I2. Addi~ 
tionaliy the structure of FIG. 14 effects a rolling action 
between the cam face 340 and the adjacent cooperating 
cam face 344 of the pivoted prism-actuating bar or arm 
244 at a point of the operation. At the same time, the 
rolling contact between the cam surface 240 and the 
straight cam face or cam edge 342a is maintained as in 
the arrangement illustrated in FIG. 15 and described in 
connection with the cum ‘face 240 and the cam face 2423. 

With respect to these various cam face contacts, the 
full line position of FIG. 14 shows the relationship for 
an intermediate position which represents a wavelength of 
about 15,000 A. The ‘broken axis line 351 indicates a 
position representing a short wavelength of about 2000 A.. 
for example, where the broken axis line 352 represents 
the mentioned intermediate position. The broken axis 
line 353 indicates a position representing a long wave 
length of about 30,000 A., for example. 
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These axis lines 351, 352 and 353 may be considered 
respectively as representing positions 1, 2 and 3, and for 
further exempli?cation, corresponding contact points of 
the parts at such positions are indicated in FIG. 14 by 
the reference numerals 1, 2 and 3, respectively. 

Conclusion 

From the foregoing detailed description, it is clear 
that a monochromator has been provided which is useful 
over a wide wavelength range and which is characterized 
by high resolving power and low intensity of scattered 
radiation. Furthermore, in the speci?c embodiment of 
the invention illustrated, which is designed for use over a 
range of Wavelengths extending from a point in the ultra 
violet region to a point in the near infrared region, ad 
vantage is taken of the fact that a prism possesses a 
higher dispersion and a higher resolving power than a 
grating at short-wavelengths and that a grating has higher 
dispersion and better resolving power at long-wavelengths. 
By means of the present invention, a double monochro 
mator is provided which takes advantage of the superior 
ity of both a prism and a grating in the respective wave 
length ranges in which each is superior to the other. 

In the double monochromator described, the prism 
provides most of the dispersion for resolving short-wave 
length components of the radiation and acts as a narrow 
band order sorter at long-wavelengths where the grating 
has high resolving power. Also, in this double mono 
chromator the grating provides most of the dispersion 
for resolving long-wavelength components of the radia 
tion. At long-wavelengths the prism reduces the amount 
of scattered radiation that would otherwise appear in 
the emerging monochromatic radiation if only the grat 
ing monochromator section were employed. At short 
wavelengths the grating reduces the amount of scattered 
radiation that would otherwise appear in the emerging 
monochromatic radiation if only the prism monochrome» 
tor section were employed. 

In this invention, the effectiveness of both a prism and 
a grating are attained in a single instrument by employ 
ing a double monochromator in which the three slits 
have about the same widths and in which a mechanical 
transformer is employed to accurately set the angular 
position of the prism and the grating to transmit radia 
tion of the same wavelength over a ?xed path extending 
through one terminal slit, through an intermediate slit, 
and then through the other terminal slit. Furthermore, 
by employing an optical arrangement having a folded-Z 
con?guration, both in the prism section and in the grat 
ing section, a maximum resolving power is obtained. 
Furthermore, by virtue of the employment of the folded-Z 
con?guration, a minimum number of re?ecting surfaces 
is utilized, thus minimizing re?ection losses, especially 
in the ultraviolet region where high transmission e?i 
ciency is needed in the monochromator because of the 
relatively low intensity of ultraviolet sources that are 
generally available. In the folded-Z arrangement de— 
scribed herein, the jaws de?ning the three slits are ar 
ranged to be moved in parallel planes, thus making it 
easy to maintain a ?xed relationship between their widths. 

Furthermore, in accordance with this invention, a trans 
former is provided which makes possible rotating the 
grating and the prism at widely different rates in different 
parts of the spectrum. In the speci?c arrangement pro 
vided, the transformer action is attained in a mechanism 
which is relatively free of danger of jamming and is not 
subject to excessive friction. The effectiveness of this 
speci?c transformer is achieved in an arrangement in 
which the cam lift varies continuously throughout the 
spectrum at the same time that the multiplication factor 
of a cooperating linkage varies continuously throughout 
the spectrum in such a way that their effects are multi 
plied, each thus reducing the labor that must be per 
formed by the other. 
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In the description, reference has been made to lower 

and upper-wavelength limits a, and A2 of the transmis 
sion band of a prism and reference has also been made 
to the upper-wavelength limit a2 of the diffraction ‘grat 
ing. It will be understood, of course, that in practice 
the spectrophotometer need not be effective throughout 
the entire transmission band of the prism, and that the 
lower and upper-wavelength limits of the spectrophotom 
eter will not necessarily be the same as the lower and 
upper limits of transmission of the prism. Furthermore, 
as is apparent from the foregoing description, the range 
of the monochromator may even overlap an absorption 
band of the prism, particularly if the absorption band in 
question is not a very strong one. It is therefore appar 
ent that as a matter of convenience. if M and a2 repre 
sent wavelengths between which the prism transmits 
radiation even though it also transmits radiation outside 
these limits and absorbs radiation between these limits, 
the general relationships hereinbefore described will ap 
ply. But in any event the important characteristic of 
the double monochromator described lies in the fact that 
the dispersion of one of the dispersing elements is higher 
than the other in one wavelength range and that the 
reverse is true in a second wavelength range and that 
their motions are coordinated to give high dispersion 
throughout both ranges. 
From the foregoing description, it will be apparent that 

this invention may be applied in many other ways than 
that speci?cally described herein, and that it may be ap 
plied to monochromators which operate over wavelength 
ranges other than that referred to particularly herein. 
While the invention has been exempli?ed by only one 
speci?c embodiment, it will therefore be obvious that 
the invention is not limited thereto, but is capable of 
being embodied in many other forms. Various changes 
which will now suggest themselves to those skilled in the 
art may be made in the material, form details of con 
struction and arrangement of the elements without de 
parting from the invention. Reference is therefore made 
to the appended claims to ascertain the scope of the in 
vention. 
The invention claimed is: 
l. A monochromator including: 
combined supporting and housing structure provided 

with a separating wall portion and two terminal-slit 
wall portions, said separating wall portion being pro 
vided with a light-transmitting aperture; 

two monochromator sections arranged on said com 
bined supporting and housing [means] structure, said 
two monochromator sections being contiguous at said 
separating wall portion, each section having a termi 
nal slit in a corresponding one of said terminal-slit 
wall portions and containing a dispersing element and 
a pair of collimating mirrors arranged in a folded-Z 
con?guration, whereby radiation passing through one 
terminal slit is transmitted by said mirrors and dis 
persing elements through the two monochromator 
sections in succession and emerges through the other 
terminal slit, 

the path of transmission in each monochromator section 
being of folded~Z con?guration. radiation being de 
?ated along each such path only by the dispersing 
element and the collimating mirrors of the respective 
sections, the legs of the respective folded-Z path 
being straight and being free from light-de?ecting 
re?ection surfaces, the legs of the respective folded 
Z con?gurations that are optically remote from the 
corresponding terminal slit being collinear and ex 
tending through said light-transmitting aperture, 

said terminal slits being de?ned at spaced-apart portions 
of said [separating] terminal-slit wall [means] 
portions; 

and means including a narrow aperture located at the 
junction of said collinear legs and larger than the 
monochromatic image of either terminal slit at said 
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junction for reducing the amount of stray radiation 
transmitted through one monochromator section to 
the other, said narrow aperture constituting substan— 
tially the sole region for transmission of radiation 
from either of said monochromator sections to the 
other. 

2. A monochromator as de?ned in claim 1, wherein 
the Width of each of said slits is about equal to the width 
of a monochromatic image of the other formed at the 
position of said each slit; and 

means for coordinately moving said dispersing ele 
ments, whereby monochromatic images of the cor 
responding terminal slits and of the same wave 
length may be formed at two points adjacent the 
junction between said collinear legs; 

[means including an] said narrow aperture located at 
said junction [and] overlapping the widths of such 
two monochromatic images for transmitting mono 
chromatic radiation from one terminal slit to the 
other through said monochromator sections in suc 
cession and for reducing the amount of stray radia 
tion transmitted through the monochromator sec 
tions. 

3. In a monochromator having a ?rst monochromator 
section and a second monochromator section arranged in 
cascade between two terminal slits, said ?rst monochro 
mator section comprising a dispersing prism and said sec 
ond monochro-mator section comprising a dispersing dif 
fraction grating: 
means for rotating said diffraction grating to vary the 

selected wavelength of radiation transmittable 
through the diffraction-grating monochromator sec 
tion; 

a transformer interconnecting said diffraction grating 
and said prism, said transformer including a pair of 
‘rotatable cam elements, one of which rotates with 
the diffraction grating, said cam elements having a 
cam lift action that varies continuously throughout 
the spectrum including a low-lift cam action in a 
long-wavelength region and a high-lift cam action in 
a short-wavelength region; and 

a multiplying mechanism interconnecting the other cam 
element and said prism, said multiplying mechanism 
having a multiplying action that varies continuously 
throughout the spectrum, the effective multiplication 
factor being less than 1 in said long-wavelength 
‘region and more than 1 in said short-wavelength 
region. 

4. In a monochromator having a ?rst monochromator 
section and a second monochromator section arranged in 
cascade between two terminal slits, said ?rst monochro 
mator section comprising a dispersing prism and said sec 
ond monochromator section comprising a dispersing dif 
fraction grating: 
a sine-bar mechanism for rotating said diffraction grat 

ing through an angle the sine of which is propor 
tional to the displacement of a driving element, said 
sine-bar mechanism including a rotatable sine-bar 
on which said diffraction grating is mounted, said 
sine-bar having a spiral cam thereon; 

a three-arm linkage including a ?rst pivoted arm con 
nected to said prism, a pivotally mounted follower 
arm and an interconnecting link; and 

means for causing said follower arm to remain engaged 
with said spiral cam throughout the scanning, the 
shape of said cam and said follower arm, and the 
position and lengths of said arms and the length of 
said link being so related to the characteristics of 
said prism and said grating and the optics of said 
monochromator sections that monochromatic radia 
tion is transmitted through said monochromator 
throughout a spectral region including a part in 
which the angular dispersion of the prism is greater 
than the angular dispersion of the diffraction grating 
and another part in which the angular dispersion of 

10 

15 

20 

25 

30 

35 

40 

60 

22 
the diffraction grating is greater than the angular 
dispersion of the prism. 

5. A monochromator including: 
a prism section and a grating section arranged in suc 

cession between two terminal slits, said prism sec 
tion comprising a fused silica prism, having an ef 
fective refraction angle of 60", said diffraction grat 
ing having a grating spacing that is substantially an 
integral multiple of about 1%;1; 

means for transmitting monochromatic radiation along 
a path extending from one terminal slit to the prism 
and from there by refraction to the diffraction grat 
ing and from there to the other terminal slit, the 
angle of deviation between the incident and refracted 
ray paths at the prism being about 9° 30', the angle 
of deviation between the incident and diffracted paths 
at the grating being about 16° 30’; 

a transformer for mechanically rotating said prism and 
said grating simultaneously about parallel axes in 
such a way that their dispersions add so as to vary 
the wavelength of said mono-chromatic radiation, 
said transformer including a driving cam bar for 
rotating the diffraction grating, a follower cam bar, 
and a prism bar for rotating the prism; 

a link interconnecting the follower cam bar and the 
prism bar, the follower cam bar having a straight 
cam face engaging the cam face of said driving cam 
bar, said follower cam face being displaced from 
the axis of rotation of the follower cam bar by a 
distance of 0.34 toward the driving cam bar and 
being displaced from the axis of rotation of the fol 
lower cam bar and the pivot axis between the fol 
lower cam ‘bar and the interconnecting link by ‘an 
angle of about 5", the axes of rotation of the prism 
bar, the follower cam bar and the driving cam bar 
being at about (+1.35, ——1.47), (—l1.l4, +0.72), 
and (-3.88, —4.9[l) respectively, said driving cam 
bar having a spiral cam face thereon, said spiral cam 
face being de?ned by a smooth curve intersecting 
points de?ned by the following table: 

0: r 

10 ___________________________________ __ 8.14 

where the positions of the points relative to the axis 
of rotation of said follower cam bar are defined 
by polar coordinates 6 and r, the effective lengths 
of the prism bar, the follower cam bar and the ‘in 
terconnecting link being respectively about 8.39, 
4.21, and 0.95, the positions and the lengths being 
in arbitrary units and in a Cartesian co-ordinate sys 
tem having an origin at the axis of rotation of the 
driving cam bar. 

6. In a monochromator having a first monochromator 
section and a second monochromator section arranged 
in casade between two terminal slits, said ?rst mono 
chromator section comprising a dispersing prism and said 
second monochromator section comprising a dispersing 
diffraction grating: 
means for rotating said diffraction grating to vary the 

selected wavelength of radiation transmittablc 
through the diffraction-grating monochromator sec 
tion: 

a transformer interconnected said diffraction grating 
and said prism, said transformer including a pair 
of rotatable cam elements, one of which rotates with 
the diffraction grating, said cam elements having a 
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cam lift action that varies continuously throughout 
the spectrum including a low-lift cam action in a 
long-wavelength region and a high-lift cam action 
in a short-wavelength; and 

a multiplying mechanism interconnecting the other cam 
element and said prism, said multiplying mechanism 
having a multiplying action that varies continuously 
throughout the spectrum, the effective multiplication 
factor being smaller in said long-wavelength region 
than it is in said short-wavelength region. 

7. In a double monochromator: 
a prism-monochromator section including a dispersing 

prism element; 
a grating-monochromator section including a dispers 

ing diffraction-grating element; 
a sine bar cam mechanism comprising a pivotal sine 

bar carrying said diffraction grating element, said 
sine bar having a cam surface formed thereon, said 
sine bar cam mechanism also comprising a cam fol 
lower pivoted remotely from the pivot axis of said 
sine bar, said cam follower engaging the cam sur 
face of said sine bar, said cam mechanism having a 
cam region of high lift when short wavelength radi 
ation is being transmitted through said double mono 
chromator and having a cam region of low lift when 
long wavelength radiation is being transmitted 
through said monochromator; 

means for rotating said sine bar, thereby also rotating 
said cam follower; and 

a pivoted drive arm for rotating said prism, said drive 
arm being linked to said cam follower by a linkage; 

said sine bar cam mechanism, said cam follower, and 
said prism drive arm being operatively connected 
to effect a high multiplying action throughout the 
region of said short wavelength radiation and a low 
multiplying action throughout the region of said 
long wavelength radiation. 

8. A monochromator as in claim 7, wherein said cam 
follower provides a rolling contact in said high-lift re 
gion. 

9. A monochromator as in claim 8, wherein said cam 
follower provides high-lift and low-lift regions and rolling 
contact with said prism drive arm in its high-lift region. 

10. A monochromator as in claim 7, wherein the ratio 
of rates of rotation of the prism to the grating vary 
through a range of about 100 to l in scanning from the 
short-wavelength limit l\1 to the long-wavelength limit R2. 

11. in a monochromator having a ?rst monochromator 
section and a second monochromator section arranged in 
cascade between two terminal-slits, said ?rst monochro 
mator section comprising a dispersing prism and said sec 
ond monochromtaor section comprising a dispersing dif 
fraction grating: 
means for rotating said diffraction grating to vary the 

selected wavelength of radiation transmittable 
through the diffraction grating monochromator sec 
tion: 

a motion transformer interconnecting said diffraction 
grating and said prism, said transformer including a 
pair of rotatable cam elements, one of which ro 
tates with the diffraction grating, said cam elements 
having a cam lift action that varies continuously 
throughout the spectrum including a low-lift cam 
action in a long wavelength region and a high-lift 
cam action in a short wavelength region; 

optical means located in the respective monochromator 
sections for focusing a monochromatic image of one 
of said terminal-slits at the position of the other 
terminal-slit whereby the image of the ?rst terminal 
slit formed at the second terminal-slit about the 
same width as the latter slit; and 

a multiplying mechanism interconnecting the other cam 
element and said prism, said multiplying mechanism 
having a multiplying action that varies continuously 
throughout the spectrum. 
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12. A monochromator as de?ned in claim 11 wherein 

one of the rotatable cam elements of said transformer 
comprises a pivoted sine bar on which said diffraction 
grating is mounted, said sine bar rotating said diffraction 
grating through an angle having a sine that is proportional 
to the displacement of a driving element, said sine bar 
having a spiral cam thereon; 

and wherein said prism has a transmission band that 
extends from a short wavelength limit A1 to a long 
wavelength A2, said diffraction grating having a grat 
ing spacing equal to an integral multiple of about 
1/2 of A2; 

said transformer rotating said diffraction grating and 
said prism simultaneously to scan a spectrum that 
extends from said short wavclength limit A1 to said 
long wavelength limit A2 so as to transmit monochro 
matic radiation of variable wavelength between said 
limits through both said monochromator sections, 
said transformer being characterized by rotating the 
prism faster than said diffraction grating in the short 
wavelength part of said band and slower than said 
diffraction grating in the long wavelength part of 
said band; and 

means including a lead screw driven by said driving 
element and carrying a nut at a point remote from 
the pivot axis of said sine bar for rotating said sine 
bar about its axis; and 

auxiliary means moved in synchronism with the rota 
tion of said lead screw for indicating on a linear scale 
the wavelength of the monochromatic radiation being 
transmitted at any one time through the monochro 
mator. 

13. A monochromator including: 
combined supporting and housing structure provided 

with a separating wall portion and two terminal-slit 
wall portions, said separating wall portion being pro 
vided with a light-transmitting apertures; 

two monochromator sections arranged on said com 
bined supporting and housing structure, said two 
monochromator sections being contiguous at said 
separating wall portion, each section having a ter 
minal slit in a corresponding one of said terminal-slit 
wall portions and containing a dispersing element and 
a pair of collimating mirrors arranged in a folded-Z 
con?guration, whereby radiation passing through one 
terminal slit is transmitted by said mirrors and dis 
persing elements through the two monochromator 
sections in succession and emerges through the other 
terminal slit, 

the path of transmission in each monochromator sec 
tion being of folded-Z con?guration, radiation being 
de?ected along each such path only by the dispers 
ing element and the collimating mirrors of the respec 
tive sections, the legs of the respective folded-Z paths 
being straight and being free from light-de?ecting 
re?ection surfaces, the legs of the respective folded 
Z con?gurations that are optically remote from the 
corresponding terminal slits being collinear and ex 
tending through said light-transmitting aperture, 

said terminal slits being defined at spaced-apart portions 
of said terminal-slit wall portions; 

and said light-transmitting aperture being slightly wider 
than the area occupied by the monochromatic images 
of said terminal slits at said junction for reducing the 
amount of stray radiation transmitted from one ter 
minal slit through said light-transmitting aperture to 
the other terminal slit, said light-transmitting aper 
ture constituting substantially the sole region for 
transmission of radiation from either of said terminal 
slits to the other. 

14. A monochromator as de?ned in claim 13 wherein 
the collimaling mirrors of each monochromator have such 
focal lengths and are so arranged relative to each other 
and to the dispersing element and to the terminal slit in 
each said monochromator and to said light~transmitting 
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aperture that the optical magni?cation between the termi 
nal slit of each monochromator and said light-transmitting 
aperture is substantially unity, and wherein 

said light-transmitting aperture has a width just slightly 
greater than the monochromatic image of either ter 
minal slit at said light-transmitting aperture. 
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