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ABSTRACT OF THE DISCLOSURE

An f/1 spectrometer has entrance and exit slits, each
ten millimeters high and fifty microns wide, which are
parallel to one another and spaced three millimeters
apart. A parabolic collimating mirror of thirty centimeters
focal length reflects light from the entrance slit onto a
dispersing mosaic of nine gratings each ruled with 1200
grooves per millimeter. The gratings are mounted on three
parallel axes and a drive linkage rotates all the gratings
simultaneously through equal angles. The middle grating
has an aperture through which light passes between the
entrance and exit slits and the collimating mirror. Be-
hind the exit slit is mounted an elliptical reflector that
has focal points spaced fifty-eight millimeters apart along
an axis at an angle of 34° 40’ to the plane of the en-
trance-exit slit optics for concentrating light passing
through the exit slit on a photomultiplier.

SUMMARY OF INVENTION

This invention relates to spectroscopy and has for an
object the provision of a new and improved mono-
chromator system useful for spectroscopy.

More specifically, this invention relates to large aper-
ture spectrometers (spectrometers having f numbers
smaller than f/3.5) in which the distance between the
dispersing element and collimating element approaches
the dimensions of the dispersing element. Such large aper-
ture spectrometers are useful in the analysis of weak,
diffuse, or extended sources as the night sky and studies
of aurora.

An object of the invention is to provide a novel and
improved large aperture spectrometric instrument. An-
other object of the invention is to provide a novel and
improved exit optics arrangement particularly useful in a
large aperture spectrometer.

In accordance with the invention there is provided,
in a spectrometric instrument having structure defining
entrance and exit optics and a collimating element spaced
from the entrance and exit optics defining structure gen-
erally along the optical axis of the instrument, a dispers-~
ing element composed of a set of similar components
disposed across the optical path of the instrument. Each
component is mounted for rotation about an axis parallel
to the axes of rotation of the other components and
perpendicular to the optical axis of the instrument. Drive
structure is provided for rotating the components of the
dispersing element simultaneously through equal angles.
The components of the dispersing elements are adjusted
so that the spectral images from the plural components
are superimposed simultaneously on the exit optical sys-
tem. In instruments constructed in accordance with the
invention the differential in distance between the colli-
mating element and portions of the dispersing element is
reduced with consequent reduction in aberration con-
trasted with a comparable instrument employing a single
dispersing component.

In a particular embodiment of the invention, the in-
strument includes a dispersing element mosaic in the
form of a series of gratings mounted for simultaneous
rotation by a common drive about spaced, parallel axes.
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An aperture is provided in the center of the mosaic
through which radiation transmitted between the en-
trance and exit slit optics and the collimating element
passes. The entrance and exit slit optics define two closely
spaced, narrow, elongated slits that are disposed parallel
to one another. Further, a mirror structure, disposed
immediately beyond the exit slit and configured to avoid
interference with the entrance slit optics concentrates the
radiation that passes through the exit slit on the input
aperture of the radiation sensor of the instrument,.

The invention provides a large aperture spectrometer
in which optical aberrations arising from large angles of
incidence of radiation on the collimating and dispersing
elements employed in the spectrometer are reduced. Fur-
ther, the invention provides a large aperture spectro-
metric system in which the projected area of the dispers-
ing element as viewed from the collimating element (the
aperture of the instrument) is maintained substantially
constant within practical limits of scanning as the dis-
90 persing element is rotated.

Other objects, features and advantages of the inven-
tion will be seen as the following description of a par-
ticular embodiment progresses, in conjunction with the
drawings in which:

FIG. 1 is a front view of the dispersing element struc-
ture incorporated in a spectrometer constructed in ac-
cordance with the invention;

FIG. 2 is a top diagrammatic view of the spectrometer
taken generally along the line 2—2 of FIG. 1;

FIG. 3 is a view similar to FIG. 2 showing the dis-
persing element system in a rotated position;

FIG. 4 is a top diagrammatic view of the exit optics
system employed in the spectrometer shown in FIGS.
1-3; and

FIG. 5 is a sectional view of the mirror employed in
the exit optics system taken along the line 5—5 of FIG. 4.

DESCRIPTION OF PARTICULAR EMBODIMENT

With reference to FIG. 1, there is shown a spectrom-

40 eter dispersing element composed of a series of nine

gratings 11-19, each grating being 100 x 100 mm. square

and ruled 1200 grooves per millimeter. Grating 15 has

an aperture 20 in it and immediately behind aperture 20

is positioned structure defining an entrance slit 22 and

an exit slit 24. In this embodiment each slit 22, 24

45 has a height of 10 millimeters, and a width of 50 microns;

and they are located parallel to one another spaced three
millimeters apart.

Gratings 11, 12 and 13 are mounted on a common
support structure 3¢ having stub shafts 32, 34 which
define an axis of rotation for those elements 11-13 parallel
to the grooves formed on their faces and coincident with
the plane of those faces. These grating elements may be
mounted on the support structure 30 in contact with one
another or may be slightly spaced from another. Similar
support structures 36 and 38 support the similar sets of
gratings 14-16 and 17-19, respectively. The axis of
rotation of support structure 36 is defined by stub shafts
40 and 42 while the axis of rotation of the gratings
mounted on support 38 are defined by shafts 44 and 46.
These six stub shafts are secured for rotation in a frame-
work diagrammatically indicated at 50.

As indicated in FIG. 2, disposed behind the entrance
slit 22 is a lens 52 which focuses light from source 54 for
passage through slit 22 for impingement on collimating
mirror 60. The mirror has a diameter of 42.4 centimeter
and a focal length of thirty centimeters so that the effec-
tive aperture of this collimating-dispersing system is ap-
proximately 7/1. A beam of light 62 passing through en-
trance slit 22 impinges on mirror 60 and is reflected onto
70 the dispersing matrix of gratings 11-19 and a component

64 of the resulting spectrum from the gratings mounted
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on structure 38 (as a function of the angle of rotation of
the angle of rotation of gratings 11-19) is reflected by
mirror 60 through exit slit 24.

The gratings 11-19 are connected to a pantograph
mechanism which includes arms 70, 72 and 74 which are
pinned to a common link 76 which in turn is driven by
monochromator drive which may be of conventional type.
The arm 76 is connected to the grating support 30, the
arm 72 is connected to the grating support 36, and the
arm 74 is connected to the grating support 38, so that the
pantograph mechanism, in response to the monochroma-
tor drive, rotates the mosaic of gratings simultaneously
through equal angles. A rotated position of the gratings as
moved by the pantograph structure, is shown in FIG. 3
and it will be noted, that at that grating angle, as is well
known in the art, a different component 66 of the dis-
persed spectra produced by the gratings mounted on
structure 36 in response to beam 62 is reflected back to
mirror 60 and from there through exit aperture 24. It will
be noted that, in this embodiment, the grating axes define
a plane not perpendicular to the system axis such that the
gratings have a limiting position at zero angle {FIG. 2).
As the mosaic of gratings rotate the grating forming a
spectral image in response to a particular incident beam
changes, as in the above example, and the range of path
lengths, for a given maximum angle of grating rotation, of
all the radiation incident on mirror §0 is much less than
the range of path lengths that result in an instrument of
the same aperture employing a single grating or other
dispersing element.

Mounted immediately behind the exit aperture 24 is a
mirror 80 which reflects light from the exit slit 24 into the
radiation sensing photomultiplier §2. As shown in greater
detail in FIGS. 4 and 5, the mirror 80, in horizontal cross
section, is an ellipse having one focal point 84 at exit
aperture 24 and a second focal point 86 at the entrance
aperture of photomultiplier 82. In vertical cross section
(in a plane perpendicuiar to the axis of the ellipse) the
mirror has two quarter circle section 90, 92 joined by a
straight section 94 ten millimeters in length (the length of
the exit slit 24) thus providing a cylindrical section join-
ing two ellipsoid sections. (The cylindrical section 94 may
be replaced by a torcidal section to adjust the concentra-
tion of the light beam.) Focal points 84 and 86 are 58
mullimeters apart and their axis lies at an angle « of 34°,
4’ to the plane of the entrance-exit slit optics. The mir-
ror 80 is formed in a molding operation in a body 96 of
epoxy resin and a reflective coating 98 is applied to the
formed mirror cavity.

While a particular embodiment of the invention has
been shown and described, various modifications thereof
will be apparent to those skilled in the art and therefore
it is not intended that the invention be limited to the dis-
closed embodiment or to details thereof and departures
may be made therefrom within the spirit and scope of the
invention as defined in the claims.

What is claimed is:

1. In a spectrometic instrument having structure de-
fining entrance and exit optics and a collimating element
spaced from the entrance and exit optics defining structure
generally along the optical axis of the instrument, a dis-
persing system composed of at least two similar compo-
nents disposed across the optical path of the instrument so
that each said component disperses a portion of the radia-
tion directed onto said dispersing system by said collimat-
ing element, said two components simultaneously dispers-
ing the radiation directed on them by said collimating
element, means for mounting said at least two components
in overlapping relation for rotation about axes parallel io
and in spaced relation from one another and perpendi-
cular to the optical axis of the instrument, and structure
for rotating said components of the dispersing system
about their individual axes of rotation simultaneously
through equal angles while maintaining said overlapping
relation so that the surface area of said dispersing compo-
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4
nents projected upon a plane perpendicular tc the mean
ray of the radiation incident on said dispersing system
from the collimating element is continuous.

2. The instrument as claimed in claim 1 wherein each
said dispersing system component is a ruled grating.

3. In a spectrometric instrument having structure de-
fining entrance and exit optics and a collimating element
spaced from the entrance and exit optics defining structure
generally along the optical axis of the instrument, a dis-
persing system composed of a set of similar components
disposed across the optical path of the insirument so that
each said component disperses a portion of the radiation
directed onto said dispersing system by said collimating
element, said dispersing element compenents being ar-
ranged in a mosaic with an aperture in the center of the
mosaic through which radiation from said entrance optics
passes for impingement on said collimating element,
means for mounting said components for rotation about
axes parallel to and spaced from one another and per-
pendicular to the optical axis of the instrument, and struc-
ture for rotating said components of the dispersing system
about their individual axes of rotation simultaneously
through equal angles.

4. The instrument as clajmed in claim 3 wherein said
collimating element is a mirror.

5. The instrument as claimed in claim 4 wherein the
aperture of said instrument is greater than f/3.5.

6. A spectrometric instrument comprising an entrance
optics system, a collimating system for receiving light
passed. through said entrance system from a source and
forming it into substantially parallel rays, a grating sys-
tem for dispersing light received from said collimating
system, said grating system comprising: a set of grating
members, each member having a series of identically
spaced parallel rulings, and means for mounting each
member for rotation about a fixed axis parallel to said
rulings and each member being positioned to receive light
from said collimating system in parallel with the other
grating members, said axes being parallel to one another
and so spaced that said grating members overlap, and
structure for rotating said grating members while main-
taining the ruled surfaces thereof parallel from said over-
lapping position through equal angles to a series of posi-
tions exposing more of said ruled surfaces to said col-
limating system, while maintaining the surface area of
the ruled surfaces of said members projected upon a plane
perpendicular to the mean ray of light incident on said
grating members from said collimating system continuous
through said series of positions, and an exit optics system
for directing light from said grating system to an energy
collector.

7. The instrument as claimed in claim 6 wherein said
entrance optics system includes a narrow elongated aper-
ture, disposed parallel to the rulings on said grating mem-
bers, said exit optics system includes a slit correspending
to said entrance slit, and disposed in laterally spaced,
aligned proximity thereto.

8. A spectrometric instrument comprising an eatrance
optics system, including a narrow elongated aperture, a
collimating system for receiving light passed through said
entrance system from a source and forming it into sub-
stantially parallel rays, a grating system for dispersing
light received from said collimating system, said grating
system comprising: a set of reflection grating members,
each member having a series of identically spaced parallel
rulings, and means for mounting each member for rota-
tion about a fixed axis parallel to said rulings and each
member being positioned to receive light from said col-
limating system in parallel with the other grating mem-
bers, said axes being parallel to one another and so spaced
that said grating members cverlap, and structure for rotat-
ing said grating members while maintaining the ruled
surfaces thereof parallel from said overlapping position
to a series of positions exposing more of said ruled sur-
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faces to said collimating system, while maintaining the
surface area of the ruled surfaces of said members pro-
jected upon a plane perpendicular to the mean ray of light
incident on said grating system continuous through said
series of positions, and an exit optics system including a
slit corresponding to said entrance slit and disposed in
laterally spaced, aligned proximity thereto for directing
light from said grating system to an energy collector, said
grating system being interposed between said collimating
system and said slits, and including a central aperture, at
least as large as the area defined by the opposite outer
edges of said laterally spaced slits, for passing light from
said entrance slit onto said collimating system and light
reflected back from said reflection grating members onto
said collimating system to said exit slit.

9. A spectrometric instrument comprising an entrance
optics system, 2 collimating system for receiving light
passed through said entrance system from a source and
forming it into substantially parallel rays, a grating sys-
tem for dispersing light received from said collimating
system, said grating system comprising: a set of grating
members, each member having a series of identically
spaced parallel rulings, and means for mounting each
member for rotation about a fixed axis parallel to said
rulings and each member being positioned to receive light
from said collimating system in parallel with the other
grating members, said axes being parallel to one another
and so spaced that said grating members overlap, and
structure for rotating said grating members while main-
taining the ruled surfaces thereof parallel from said
overlapping position to a series of positions exposing
more of said ruled surfaces to said collimating system,
while maintaining the surface area of the ruled surfaces
of said members projected upon a plane perpendicular
to the mean ray of light incident on said grating system
continuous through said series of positions, and an exit
optics system including a narrow elongated exit aperture
for directing light from said grating system to an energy
collector, said energy collector including an entrance
aperture, and a reflecting surface disposed between said
exit and entrance apertures, said reflecting surface being
generated by the translation of a conic section along an
ellipsoidal path, said surface being so sized and spaced
relative to said exit aperture as to have a first focal point
at said exit aperture, and a second focal point at said
entrance aperture of said energy collector.

10. The instrument claimed in claim 9 wherein said
reflecting surface has a portion of an ellipsoid of revolu-
tion at each end.

11. The instrument as claimed in claim 10 wherein said
exit aperture is a longitudinal slit and said reflecting sur-
face includes a cylindrical section joining said two ellip-
soids of revolution.

12. The instrument as claimed in claim 11 wherein said
entrance optics system includes a narrow elongated aper-
ture, disposed parallel to the rulings on said grating mem-
bers, said exit optics system includes a slit corresponding to
aid entrance slit, and disposed in laterally spaced, aligned
proximity thereto, and said grating system comprises a
set of reflection grating members, and is interposed be-
tween said collimating system and said slits, said grating
members being arranged to define a central aperture, at
least as large as the area defined by the opposite outer
edges of said laterally spaced slits, for passing light from
said entrance slit onto said collimating system and light
reflected back from said reflection grating members onto
said collimating system and through said exit slit for
reflection by said reflecting surface to said energy col-
lector.
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13. The instrument as claimed in claim 12 wherein the
aperture of said instrument is greater than 7/3.5.

14. In a spectrometer comprising

a collimating system, a dispersing system, and entrance

optics for directing radiation from a source onto
said collimating system,

an exit optics system comprising

a narrow elongated exit aperture,

an energy collector including an entrance aperture,

and a reflecting surface disposed between said exit
and entrance apertures, said reflecting surface
being generated by the translation of a conic
section an ellipsoidal path, said surface being
so sized and spaced relative to said exit aperture
as to have a first focal point at said exit aper-
ture, and a second focal point at said entrance
aperture of said energy collector.

15. The system claimed in claim 14 wherein said re-
flecting surface has a portion of an ellipsoid of revolution
at each end.

16. The system as claimed in claim 15 wherein said
exit aperture is a longitudinal slit and said reflecting sur-
face includes a cylindrical section joining said two ellip-
soids of revolution.

17. A spectrometric instrument comprising an entrance
optics system, a collimating system for receiving light
passed through said entrance system from a source and
forming it into substantially parallel rays, a dispersing
system for dispersing light received from said collimating
system, said dispersing system comprising: a set of dis-
persing members, means for mounting each member for
rotation about a fixed axis and each member being posi-
tioned to receive light from said collimating system in
parallel with the other dispersing members, said axes be-
ing parallel to one another and so spaced that said dis-
persing members overlap, and structure for rotating said
dispersing ‘members from said overlapping position
through equal angles to a series of positions exposing
more of their surfaces to said collimating system, while
maintaining the surface area of said members projected
upon a plane perpendicular to the mean ray of light
incident on said dispersing members from said collimating
system continuous through said series of positions, and
an exit optics system for directing light from said dispers-
ing system to an energy collector.
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