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The present invention relates to instruments providing
radiation, such as light, of essentially a single wave length,
called monochromators if applied to the visible spectrum.

Monochromators of the conventional type using prisms
and arc lamps are not only cumbersome or costly but do
not provide a linear relation between wave length and
adjusting movement. It has been proposed to obtain
monochromatic light by way of circular polarization of
light in quartz or other substances, but such devices per-
mit neither separation of an essentially single wave length,
with band widths predeterminable to any desired degree,
nor fine adjustment to a desired wave length, nor con-
tinuous selection of a wave length on a linear scale.

It is the object of the present invention to provide a
device which avoids the above mentioned disadvantages
of prior art devices by permitting selection of an essen-
tially single frequency band from a spectrum of radiant
energy; to provide, as applied to the visible spectrum, a
source of monochromatic light originating from an in-
candescent source such as a tungsten lamp, permitting
variation of wave length continuously through the spec-
trum and selection with comparatively simple means of
a band of the average width of 150 angstrom units, which
which band however can be narrowed to any desired
degree; and to provide a source of monochromatic light
for spectroscopy, microscopy, for investigations of the
type such as the determination of refractive index accord-
ing to the Emmons method of double variation of refrac-
tometry by the method of minimum deviation, for lecture
demonstrations on color and color vision, for biological
and psychololgical experimental procedures, and for
many other purposes where color filters do not offer
the flexibility or color control that is desirable in such
situations. Other objects are to provide such a device
which has a comparatively very large aperture furnishing
adequate light of all wave lengths derived from a tungsten
filament lamp or other incandescent light source; and
to provide an instrument of this type which fits a wide
variety of needs in all fields of activity where a strong
and reliable light source of essentially pure color is re-
quired which is at least as effective but less cumbersome
and costly than previous monochromators.

Additional objects are to provide an instrument of the
above outlined type which can be manufactured with
fairly inexpensive and uncomplicated mechanical ele-
ments, which can be operated by unskilled persons and
which generally advances this art. )

In one of its main aspects, the invention accomplishes
its object by polarizing a beam of radiation of a plurality
of wave lengths, rotating with rotary dispersion means
the planes of polarization of the polarized beam through
arcs which are functions of the wave lengths so that
difference of arcs causes effective coincidence of at least
two of the rotated planes, selecting from the beam radia-
tion of different wave length which is polarized in sub-
stantially coinciding planes, and rotating the selected
planes with further rotary dispersion means through arcs
which are functions of the wave lengths corresponding to
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the coinciding planes but differ numercially from the first
mentioned arcs, thus breaking said coincidence. After
the second rotation radiation of one of the previously
coinciding planes can be selected by polarizing means,
thus obtaining a band which is narrower than that of
the initially used radiation of a plurality of wave lengths.
As applied to light, the invention contemplates consider-
able rotary dispersion of white collimated and polarized
light in a column of quartz or other crystal through
several full angles, and the segregation of several stages
of coincident light of different wave length by polarizing
means, and repeated rotary dispersion, each stage having
a crystal and a polarizing selector, the crystals being so
stepped as to thickness and hence degree of optical rota-
tion, and the selectors being interconnected for simul-
taneous mechanical rotation at given gear ratios, that a
narrow band of any desired wave length can be segre-
gated from any region of the initially supplied spectral
range.

In another aspect, apparatus according to the inven-
tion comprises means for plane polarization of light of
a plurality of wave lengths, an optically active body hav-
ing a face for receiving and a face for discharging the
polarized light, this body being optically aligned to ro-
tate the planes of polarization to different amounts de-
pending on wave length, means at the discharging face
for selecting light polarized in a given direction, and a
second optically active body with a receiving face juxta-
posed to the selecting means, the second body being op-
tically dimensioned in relation to the first body to rotate
the polarized light reaching it at its receiving face through
amounts which are at its discharging face numerically
different from the amounts of rotation in the first body,
whereby light bands of different wave lengths which are
superimposed at the discharging face of the first body
are separated by the second body.

Other objects, aspects and features will appear, in addi-
tion to those contained in the above statement of the na-
ture and substance including some of the objects of the
invention, from the herein presented exposition of its
basic theoretical principles and from the following de-
scription of several typical practical embodiments there-
of illustrating its novel characteristics. This description
refers to drawings in which:

Fig. 1 is a diagram illustrating the construction and
function of monochromators according to the present
invention;

Fig. 2 is a front elevation in general corresponding to
Fig. 1;

Fig. 3 is a side elevation corresponding to Fig. 2;

Fig. 4 is a front elevation of the monochromator ac-
cording to Figs. 2 and 3 showing the continuous adjust-
ment and scale provisions; and

Fig. 5 is a detail section showing the mounting of a
quartz column,

. Fig. 1 incorporates and indicates diagrammatically the
principal optical elements shown in detail in Figs. 2 and 3,
which elements are in these figures marked with identical
symbols. These optical elements are quartz or other
crystal columns Q1, Q2, Q3 and Q4, polarizing plate or
prism P, and polarizing selector plates or prisms P1, P2,
P3 and P4, herein also referred to as analyzers. These
are shown at the left hand side of Fig. 1. On the right
hand side of Fig. 1 are developments Ib, IIb, 11l and
1Vh of co-axial multi-shave cylindrical surfaces within
the respective quartz columns, with the horizontal dimen-
sions (representing angles and corresponding wave length
respectively) considerably compressed. These develop-
ments are used to plot in rectangular coordinates the
angular deviation or rotary dispersion of polarization
within the quartz columns or blocks. In the center of
Fig. 1 are diagrammatic top views of columns, represent-
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ing polar scales corresponding to the developments and
likewise indicating the rotary dispersion of polarized col-
limated light of various wave lengths, within the quartz
columns; in addition these polar diagrams indicate the
selective effect of plates P1, P2, P3 and P4. They are
marked Ia, Ila, Illa and IVa.

A light source for example a tungsten filament lamp
emitting light which is collimated by lens L, is indicated
at T of Fig. 1. It will be understood that the actual
instrument, such as shown in Figs. 2 to 4, will usually not
include lamp T and collimator L, these being part of stand-
ard optical laboratory equipment with which monochro-
mators according to the invention are mainly used.

The faces of the quartz sections or columns are cut
perpendicular to the optical or Z axis such that the plane
of polarization of polarized light entering parallel to this
axis will be rotated. The planes of light of different
wave lengths are rotated different amounts, long wave
lengths (red) being rotated less than short wave lengths
(blue). If polarized white light enters a quartz section
of sufficient length, the angles of rotation will exceed
360° (2r), so that the end or exit face of the quartz
column discharges light of two or more superimposed
wave lengths. If a polarizing plate is put into this
emerging light, it will select the wave lengths in its plane
of polarization. Thus, the rotary dispersion can be used
to stretch the spectrum to any desired degree depending
on the length of the quartz column, but this does not
permit the segregation of any essentially single wave
length band from the widely expanded spectrum. Such
segregation is accomplished in accordance with the inven-
tion as will now be explained in detail.

The dimensions indicated in Fig. 1 are derived from a
practical embodiment wherein quartz section Q3 is twice
as thick as section Q4, section Q2 is twice as thick as
section Q3 and section Q1 is twice as thick as section Q2.
Section Q1 is right handed, whereas sections Q2, Q3 and
Q4 are left handed. The selector plates P1, P2, P3, P4
are mechanically coupled as schematically indicated in
Fig. 1 by gears G1, G2, G3, G4 on shaft S which can be
rotated by means of knob K. For purposes of the dia-
gram Fig. 1 it is assumed that plates P1, P2, P3, P4 are
mounted on gear rings of equal pitch, meshing with
toothed wheels fast on shaft S and having diameters
stepped in the ratio 1 to 2 to 4 to 8 for gears G4, G3,
G2, G1, respectively. Thus, while P4 rotates once, P3
rotates twice, P2 four times, and P1 eight times, as indi-
cated in Fig. 1. Plate P is fixed relatively to the frame
of the instrument. The quartz columns can likewise be
fixed, as assumed in Fig. 1, or they can rotate with plates
P1, P2, P3, P4 as shown in Figs. 2 and 3. The number,
thicknesses and sense of rotation of the quartz sections and
the movement of the selector plates or prisms can be
different so long as they conform to the general principles
of the invention, as will become apparent below.

The light from lamp T, collimated at L, and plane
polarized at P, is rotated as indicated in Fig. 1 by helical
traces in the elevation of quartz section Q1, further indi-
cated by the polar diagram at I« and still further by the
Cartesian diagram at Ib.

Starting with angle zero for the white light polarized
by plate P, the plane of the red light is rotated through
an angle of a = and the thickness or blue light through
an angle of a w48, it being assumed for purposes of
explanation that the length of section Q1 is such that the
utilized spectral region is rotated through an angle of 8r
or sixteen right angles. Likewise for purposes of explana-
tion, this region is subdivided into sixteen bands accord-
ingly numbered at Ia and Ib.

Ignoring for the time being selector plate P1, we find
that the spectral region stretched through 8= in column
Q1, is rotated in opposite sense in column Q2 and hence
shortened as indicated at I15. A similar rotation takes
places in columns 115 and 1V5, the angles being one half
of the preceding ones, here for example a =/2 in Q2, a
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/4 in Q3 and a /8 in Q4, for the blue light. The six-
teen zones, an approXimate wave length scale and an angle
scale are applied to diagram Ib of Fig. 1. The straight
lines in diagrams 16 to IVb indicate the rotation, through
the respective columns, of the planes of polarization of the
light of extreme wave lengths, called for short red and
blue respectively; they correspond of course to the helixes
of Q1. In diagrams Ia to IVa, the section numbers are
applied to spirals extending through the appropriate
angles with appropriate sense of rotation; the compression
of the band width is likewise indicated at Ia to IVa.

Coming now to the function of the selecting polarizers
P1, P2, P3, P4, it is assumed that these plates are oriented
at angles /4, /8, /16 and =/32 to the zero axis defined
by the initial polarizer P." These angles are indicated in
Fig. 1 between the polar diagrams Ie to IVa. We note
that these angles correspond to the gear ratio 8:4:2:1.
We note further that plate P1 passes the even numbered
sections, that P2 passes sections 4, 8, 12 and 16, that P3
passes sections 8 and 16, and that finally plate P4 passes
the single section 16. i

A single section is thus segregated, and it will be evident
from diagrams Ia to 1Va, that any wave length can be
selected simply by rotating knob K. If all five polarizers
are effectively parallel in zero position, the emerging light
is polarized in the plane defined by plate P.

Due to the properties of the polarizing material, the
intensity distribution has for each selected zone a peak
within an approximately sinusoidal distribution curve hav-
ing two maxima and two minima for a rotary dispersion
through 2x. Thus the selectivity is sharper than indi-
cated by the mere width of a zone.

In order to permit mechanical rotation of all selector
plates in the same sense (which is preferable for mechani-
cal reasons) the first or thickest column (Q1) has to
rotate the planes in the sense opposite to that of those
following Q2, Q3, Q4. It will however be understood
that all right-hand or all left-hand quartz can be used if
the analyzer plates following the thickest and remaining
columns respectively, are mechanically rotated in opposite
sense, with the ratios of thickness and mechanical rotation
the same, in accordance with the above explained prin-
ciples of the invention.

It will be further understood that the complete optical
rotation corresponding to the utilized spectral range is
not necessarily a multiple of »/2, that the amount of
optical rotation and hence the column lengths may vary
with the width of the pass band depending on the thick-
ness of the first column, and that the necessary number of
quartz columns depends on the thickness of the first col-
umn; the thicker the first column, the more elements re-

- quired and the narrower the final band.

It will now be evident that, in accordance with well
known optical principles, the direction of the light can be
reversed, with the polarized beam of white light incident
at the thinnest quartz section.

It 'will be further evident that the principle of the in-
vention can be applied to other than visible radiation,
such as in the ultra violet and infrared ranges and be-
yond. The rotary dispersion can be carried out by any
suitable means including those effective for this purpose in
the Roentgen and gamma ray regions on the one, and
ultra high frequency regions on the other side of the
visible spectrum and the same holds for plane selection.

Generally speaking devices according to the invention
provide for selection from a radiant energy spectrum
with a frequency range @, of a band or zone of length
a/n with a peak of intensity substantially at its center
by polarizing in an initial plane a beam of radiation in-
cluding frequencies within the range a, by progressively
rotating this plane through angles which are functions
of the frequencies such that the difference between the

‘rotation of the lowest and highest frequencies within the

frequency range of the spectrum is gbw, this rotation
being carried out with a series of g rotary dispersion
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means (g being the number, equal to 2 or a higher in-
teger, of the dispersion means of the series, and b being
a real number greater than ¥2) which are axially aligned
with the beam so that the series has two outer and at
least two adjacent inner radiation transmitting faces, one
of the outer faces being adjacent the means which de-
termines the initial polarizing plane to receive the beam
therefrom, by selecting radiation of given planes of
polarization with rotatable polarization analyzers mount-
ed between the inner faces and at the second outer face
which analyzers are coupled to orient the analyzing planes
at angles with the above initial plane in the ratio

mw
. o2

c+mm, c+—n;—7r, .. e

(wherein ¢ is a number including zero and m is a number
exclusive of zero), and by rotating the analyzers rela-
tively to the initial polarizing plane while maintaining
their above ratio of orientation.

The mechanical construction of a practical embodi-
ment of the invention will now be described with refer-
ence to Figs. 2 to 5. It will be noted that this embodi-
ment differs from that of Fig. | in that the selector plates
are fastened to and rotate with the quartz columns.

Figs. 2 and 3 show a supporting frame consisting of
metal sheets 21, 22, 23, 24 distanced by tubes 26, 27, 28
and held together by bolts 31. The lengths of the tubes
correspond to the thicknesses of quartz columns Q1, Q2,
Q3, Q4. These and the polarizers P, P1, P2, P3, P4 are
indicated in these figures in correspondence with the di-
agrammatic showing of Fig. 1. Plate P is mounted on
a frame plate 29. The polarizing elements P, P1, P2,
P3, P4 can be of the commercially available sheet or film
type, with or without protecting glass covers.

The shaft S can be rotated with the aid of knob K and
bevel gear G. Gears G1, G2, G3, G4 drivingly con-
nect shaft S to the four quartz columns and selectors, by
means of toothed wheels 31 fixed to the column mounts
as indicated in Fig. 5 which also indicates sockets 33 for
supporting the quartz sections on frame sheets 21, 22, 23,
24, The selector plates are cemented to the quartz, as
likewise shown in Fig. 5.

The shaft S with its gears is axially secured by collars
41, 42 appropriately fixed thereto as by means of set
screws 43, 44. The gears are conventional and need no
further description; the proper gear ratio as at length
discussed with reference to Fig. 1 and must of course
be strictly maintained.

A housing H supports an indicator shaft 51 with gear
wheel 52 that meshes with gear wheel 53 on control knob
shaft 54, as also indicated in Fig. 4. A circular plate 56
with scale disk 57 is at 58 screwed to a smaller plate 59
fast on shaft 51 and turning within a circular window of
housing H which carries a mark 61 for reading scale 62
on plate 57.

It will now be evident that manipulation of knob K ro-
tates the plates P1, P2, P3, P4 and permits selection of
an essentially nonochromatic band whose wave length
ca;n be read directly on the appropriately calibrated scale
57.

In order to protect the outer quartz faces, glass win-
dows 66, 67 can be inserted in corresponding openings
of the housing.

In the practical embodiment according to Figs. 2 to 5,
the thicknesses of the columns are for Q1—60 mm., Q2—
30 mm., Q3—15 mm. and Q4—7.5 mm., and the com-
plete spectrum is in the first column expanded through
2,000 degrees. The average width of the emerging band
is approximately 150 angstrom.

It will now be evident that, in the above embodiment,
the number of zones n is 16, that the number ¢ of ro-
tary dispersion means (quartz columns in this embodi-
ment) is 4; that b equals 2, and that m equals %4

It should be understood that the present disclosure is
for the purpose of illustration only and that this inven-
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tion includes all modifications and equivalents which fall
within the scope of the appended claims.

I claim:

1. Apparatus for selecting radiation of given wave
length from a radiation spectrum, which comprises means
for plane polarizing collimated radiation of a plurality of
wave lengths; a rotary dispersion body arranged for
transmitting said radiation substantially parallel to its
optic axis, from an entrant face adjacent said polarizing
means to an exit face thereof, to rotate the planes of
polarization of said radiation to different amounts de-
pending on said wave lengths, said body having a thick-
ness sufficient to rotate said planes relative to each other
to an amount greater than substantially 180 degrees,
causing coincidence of the planes of polarization of two
different wave lengths of the radiation spectrum; polariza-
tion means at said exit face for selecting radiation po-
larized in a given direction; and a second rotary disper-
sion body with its entrant face juxtaposed to said po-
larization means and likewise transmitting said radia-
tion parallel to its optic axis to its exit face, said second
body being optically dimensioned in relation to said first
body to rotate the polarized radiation reaching it through
its entrant face, through angles the amounts of which
are at its exit face numerically different from said
amounts of rotation in said first body; whereby bands of
different wave lengths whose planes of polarization coin-
cide at the exit face of said first body are separated at
the exit face of said second body.

2. Apparatus for selecting radiation of given wave
length from a plane polarized radiation spectrum, which
comprises a rotary dispersion body arranged for transmit-
ting said plane polarized radiation substantially parallel to
its optic axis, from an entrant face adjacent said polariz-
ing means to an exit face thereof, to rotate the planes of
polarization of said radiation to different amounts depend-
ing on said wave lengths, said body having a thickness
sufficient to rotate said planes relative to each other to
an amount greater than substantially 180 degrees, caus-
ing coincidence of the planes of polarization of two dif-
ferent wave lengths of the radiation spectrum; polariza-
tion means at said exit face for selecting radiation polar-
ized in a given direction; and a second rotary dispersion
body with its entrant face juxtaposed to said polarization
means and likewise transmitting said radiation parallel
to its optic axis to its exit face, said second body being
optically dimensioned in relation to said first body to ro-
tate the polarized radiation reaching it through its entrant
face, through angles the amounts of which are at its exit
face numerically different from said amounts of rotation
in said first body; whereby bands of different wave lengths
who planes of polarization coincide at the exit face of said
first body are separated at the exit face of said second
body.

3. Apparatus according to claim 2 wherein said bodies
are of substantially the same material and one body has
substantially one-half the length of the other body.

4. Apparatus according to claim 2 wherein said disper-
sion bodies are of quartz cut perpendicular to the optic
axis.

5. Apparatus according to claim 2 further comprising
a second polarization means arranged at the discharging
face of said second body.

6. Apparatus according to claim 5 wherein said polar-
ization means is rotatable and coupled to rotate propor-
tionate to said amounts of rotation provided by the disper-
sion bodies preceding the respective selecting means.

7. Apparatus according to claim 5 wherein said disper-
sion bodies are of substantially the same material and of
different length, and the polarizing planes of said polari-
zation means are oriented at angles which are propor-
tionate to said lengths of said bodies.

8. Apparatus for the selection, from a plane polarized
wave energy spectrum of frequencies within a given range,
of a band or zone narrower than said range, comprising a

.
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series of at least two wave energy transmitting rotary dis-
persion means essentially transparent for said range in
paths on a given axis, each dispersion means of said series
being adapted to rotate on said axis the planes of polariza-
tion of energy within said range, through angles which
are functions of said frequencies and of the lengths of said
paths in the respective dispersion means, the thickness of
the entrant dispersion means of said series, on said axis,
being such as relatively to rotate the planes of polariza-
tion for the highest and lowest frequencies of said range
through angles the difference of which is gbr with g the
number, equal to 2 or a higher integer, of said dispersion
means and with b a real number greater than 2 (gbr be-
ing thus greater than =), and the thickness on said axis of
the other dispersion means of the series being such as rela-
tively to rotate said planes of polarization through angles
the difference of which is an integer fraction of gbr; a
series of polarization means mechanically rotatable on
said axis, one polarization means being placed at the out-
side of the last dispersion means of said series opposite
to said entrant dispersion means, and the other polariza-
tion means being placed between each pair of dispersion
means; and means for coupling said polarization means to
rotate them simultaneously through angles in the ratio,
counted in said axis from said entrant dispersion means
towards said outside polarization means, of

mw

v, (45 (+458) - (425

wherein ¢ is 2 number including zero and m is a number
exclusive of zero; whereby planes of polarization corre-
sponding to frequencies of polarized energy entering the
entrant dispersion means are spread by relative rotation
therein through angles that are greater than = so that at
least two frequencies have coinciding planes of polariza-
tion, whereby the consecutive dispersion means change
the angles between the planes of polarization, and where-
by each polarization means selects a plane of polarization
to segregate frequency maxima with coinciding planes of
polarization passed by the preceding polarization means,
so that a single frequency maximum emerges through the
outside polarization means.

9. Apparatus according to claim 8 wherein the disper-
sion means and the polarization means are fixed to each
other and rotate together.

10. Apparatus according to claim 8 wherein the rotat-
ing effect of all dispersion means is in the same sense, and
said coupling means rotates the polarization means fol-
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8
lowing next to said entrant dispersion means in the sense
opposite to the sense of rotation of the other polariza-
tion means.

11. Apparatus according to claim 8 wherein the rotat-
ing effect of said entrant dispersion means is in the sense
opposite to the rotating effect of the other dispersion
means, and said coupling means rotates all polarization
means in the same sense.

12. Apparatus according to claim 8 wherein g=d4,
n=16, m=VY4, and b=2.

13. Apparatus according to claim 8 wherein said dis-
persion means are crystal columns cut perpendicular to
the optical axis.

14. Apparatus for selecting zones of given wave lengths
from a spectrum, which comprises a polarizer; a first .
quartz column cut with its faces perpendicular to its optic
axis and at a distance adapted to rotate the plane of polar-
ization of the blue light through an angle which is 8x
greater than the angle of rotation of the red light, and
arranged with one face adjacent said polarizer; second,
third and fourth quartz columns optically aligned with
said first column and cut similarly thereto so as to rotate
the plane of polarization of the blue light through angles
which are 4=, 2=, and =, respectively, greater than the
angles of rotation, respectively, of the red light; four
analyzers one following each column; and coupling means
for rotating said analyzers such that the rate of rotation
of the first analyzer to that of the following ones is in the
ratio of eight to four to two to one; whereby each con-
secutive analyzer eliminates alternate wave length zones
which have coinciding planes of polarization before they
enter the column preceding the respective analyzer, so
that a single zone with a wave length of maximum in-
tensity emerges from the fourth analyzer.
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