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COMPOUND OPTICA’L FILTER PROVIDING
A SHARP CUT-OFF
Robert W. Allington, Lincoln, Nebr., assignor to Instru-
mentation Specialties Company, Lincoln, Nebr,, a cor-
poration of Nebraska
Original No. 3,243,595, dated Mar. 29, 1966, Ser. No.
267,210, Mar. 22, 1963, which is a division of applica-
tion Ser. No. 147,015, Oct. 23, 1961, now Patent No.
3,151,639, dated Oct. 6, 1964. Application for reissue
Jan. 5, 1968, Ser. No. 707,343
Int. C1. GO1j 3/34, 3/50
U.S. CL 250—226 7 Claims

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

Compound optical filters are described for discriminat-
ing against all spectral lines of significant intensity other
than a predetermined spectral line in a source of speclral
light comprising a line spectrum. The filters include a
means, such as a red-purple silica element, for cutting off
transmittance of substantially all light from a spectral
source of a wavelength shorter than the predetermined
spectral line, means, such as an element which fluoresces
green, for example, when excited primarily by light of a
wavelength of the predetermined spectral line, but not sub-
stantially in response to light of longer wavelength, and
nreans, such as green glass, which transmits at least part
of the fluorescent light, but which absorbs substantially
all of the light in the spectral source passed by the first
element, whereby substantially all the light passing out of
the filter is derived from fluorescence produced by light
of the wavelength of a single predetermined spectral line
of the spectral source.

This invention relates to an optical filter and more par-
ticularly to a compound filter providing a sharp cut-off
of light rays having a wavelength other than a spectral
line of interest.

The present application is a division of my copending
application Serial. No. 147,015, filed October 23, 1961,
now Patent No, 3,151,639, and entitled, “Apparatus for
Making Chemical Separations.” Such prior-filed applica-
tion discloses apparatus for the fractionation of chemical
mixtures on the basis of optical density. Briefly, the ap-
paratus comprises an optical cell associated with a density-
gradient column and means for causing the liquid to flow
out of the column and through the optical cell at a pre-
determined Tate. A light beam is directed through the opti-
cal cell Land strikes] to produce light striking a photo-
electric cell, the output of which varies in correspondence
with the light absorption of the particular liquid passing
through the optical cell. The output variations of the
photoelectric cell are utilized to effect a continuous meas-
urement of the optical density of the flowing liquid and/
or to direct the discharged liquid into suitable collecting
tubes.

The light beam transmitted through the optical cell is
monochromatic and the light rays striking the photoelec-
tric cell should [havel be derived from light having a pre-
determined bandwidth as narrow as possible in order to
provide apparatus having high accuracy, semsitivity and
resolution. The present application is directed to a novel,
compound light filter for this purpose. Although the filter
is particularly adapted for utilization in chemical frac-
tionating, it is not limited to such specific use.
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An object of this invention is the provision of an opti-
cal filter [havingd emitting light derived from a very
narrow light [transmission] band.

An object of this invention is the provision of an opti-
cal filter made up of a plurality of light-transmitting ele-
ments one of which fluoresces when excited by light rays
of predetermined wavelength.

An object of this invention is the provision of a light
filter formed of three elements arranged in series, the
first element transmitting light rays of predetermined wave-
length, the second element fluorescing when excited by
light rays of the predetermined wavelength and the third
element transmitting substantially only light rays corre-
sponding to the color at which the second element
fluoresces.

An object of this invention is the provision of a com-
bination light source, light filter and photoelectric cell
wherein the light rays striking the photoelectric cell
Lhavel are derived from light having a [single] predeter-
mined very narrow bandwidth [wavelength], in some
cases the bandwidth being as limited as the narrow, but
finite width of a single spectral line.

These and other objects and advantages of the inven-
tion will become apparent from the following description
when taken with the accompanying drawings. It will be
understood, however, that the drawings are for purposes
of illustration and are not to be construed as defining the
scope or limits of the invention, reference being had for
the latter purpose to the claims appended hereto.

In the drawings wherein like reference Lcharatcers]
characters denote like parts in the several views:

FIGURE 1 is a diagrammatic representation showing
fractionating apparatus incorporating a light filter made in
accordance with this invention; and

FIGURE 2 is a longitudinal cross-sectional view
showing the arrangement of the elements making up the
light filter.

Reference, now, is made to FIGURE 1, wherein there
is shown an optical flow cell 10 comprising a cap 11, a
window 12 and a bushing member 13. The window is posi-
tioned in the path of a light beam emanating from a low
pressure mercury lamp 14, which light beam passes
Lthroughd into a filter 15 wherein fluorescent light is
produced which on passing out of the filter [and] im-
pinges upon a photoelectric cell 16.

A delivery tube 17 has one end secured fo the cap
11 and the other end spaced from a collecting tube 18. A
plurality of such collecting tubes is carried by a conven-
tional fraction collector comprising a turntable 19 ro-
tatable by a turntable drive 20 provided with a suitable
indexing mechanism whereby actuation of the drive ro-
tates the turntable to bring a succeeding collecting tube
under the discharge end of the delivery tube. The tube
21 contains the density-gradient column which is to be
fractionated, said tube being a plastic tube of relatively
thin wall and being supported in operative position rela-
tive to the optical cell by suitable means represented by
the pivotally-mounted lever 22 and the spring 23. The
tube wall is punctured by a needle 24 which is connected,
by a flexible hose, to a motor-driven syringe and source of
supply of a dense liquid generally identified by the numeral
25. Such dense liguid has a specific gravity exceeding that
of the densest liquid contained in the density-gradient col-
umn. Operation of the syringe forces the dense liquid
into the tube 21, thereby floating the contained liquid
upwardly through the optical cell 10 and the delivery
tube 17.

As the liquid passes through the optical cell, the inten-
sity of the light striking the photoelectric cell varies
in correspondence with the light-absorbing character of the
liquid actually passing through the light beam. Corre-
sponding variations in the output of the photoelectric cell
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are amplified by a suitable amplifier 26, which operates
the stylus of a recorder 37, thereby providing a continuous
measurement of the optical density of the liquid as it
passes through the light beam. The amplifier also con-
trols a differentiator 27 for the proper actuation of one
or the other trigger circuits thereby to effect energization
and deenergization of the relays 28 and 29. When the re-
lay 29 is deenergized, the normally-closed relay contacts
30, 31 complete an electrical circuit to the motor-driven
syringe thereby injecting the dense liquid into the bot-
tom of the density-gradient column. On the other hand,
when the relay 29 is energized, power is removed from
the syringe-drive motor and applied to the motor of the
turntable drive 20 through closure of the relay contacts
[31] 30, 32. The turntable 19 now is rotated to bring
another collecting tube into position to receive liquid
from the discharge tube 17. A suitable time delay means
36 is interposed between the relays 28 and 29 to delay the
operation of the turntable drive for a period equal to the
liquid transfer time between the optical cell and the col-
lecting tube.

The filter 15 is designed to restrict the light rays strik-
ing the photoelectric cell to those derived from light hav-
ing a predetermined very narrow bandwidth.

Reference, now, is made to FIGURE 2, which illus-
trates the general construction of the filter. Such filter,
here identified by the numeral 15", is made up of three
elements arranged in series and supported in relatively
fixed positions in a suitable housing 72. The leading, or
front, element 73 is made of a material which transmits
light of a predetermined wavelength. The center element
74 is made of a material which fluoresces under the in-
fluence of the light rays falling in the transmission band of
the elements 73, and the back element 75 is made of a
material which transmits substantially only light of the
wavelength emitted by the flucrescence of the element 74.
It is desirable, although not necessary, that the front ele-
ment 73 have a high light-absorbence factor at that wave-
length corresponding to the transmission wavelength of
the rear element 75. It is also desirable that the photo-
electric cell 16 be responsive substantially only to light
having a wavelength equal to that at which the center ele-
ment 74 fluoresces.

Such compound filter, when used in conjunction with
a spectral light source, makes it possible to provide [a]
light derived from a beam of much narrower, effective
wavelength than can be obtained by conventional absorp-
tion or interference filters. The described filter is particu-
larly useful in applications involving the measurement of
light transmittance or reflectance of specimens, since sen-
stivity and accuracy of the measurements is directly re-
lated to the narrowness of the bandwidth of the effective
light rays.

The present filter provides light rays of very narrow
bandwidth. The element 73 can be made of a material
selected to cut off wavelengths shorter than the spectral
line of interest supplied by the light source 14, and the
element 74 can be made of material selected to have a
cut-off wavelength for excitation of fluorescence at a
slightly longer wavelength than the spectral line of in-
terest. As a specific illustration, the following arrange-
ment has been found to provide an extremely narrow,
effective bandwidth, with a stray light factor of less than
one thousandths of the magnitude of the desired wave-
length.

The light source 14 is a low pressure, mercury vapor
lamp which exhibits, along with other wavelengths, light
of 254 millimicrons wavelength. The element 73 is a red-
purple silica, which transmits this wavelength and strong-
ly absorbs green light. The element 74 is chosen to
fluoresce green Ewhe] when excited by wavelengths short-
er than 280 millimicrons. The element 75 is green colored
glass and the photoelectric cell is green-sensitive. Such
specific arrangement will respond substantially only to
light in the range of 240-280 millimicrons, 240 being the
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cut-off point of the element 73 and 280 being the cut-off
point of the element 74. Within this region, the exciting
lamp has only one significant wavelength, namely 254
millimicrons. The entire system, as a whole, responds
substantially only to a wavelength of 254 millimicrons.
Contrastingly, if an interference or absorption filter were
used instead, swbstantial stray light would exist, espe-
cially of a wavelength of 313 millimicrons. The filters of
the present invention, however, remove substantially all
light feom the spectral source permitting passage of only
practically acceptable amounts of stray light.

Having now described the invention, those skilled in
this art will be able to make various changes and modi-
fications in the filter construction, to adapt same for spe-
cific uses, without departing from the scope and spirit of
the invention as recited in the following claims.

I claim:

1. A light filter adapted to discriminate against all
spectral lines of significant intensity other than a pre-
determined spectral line in a source of spectral light com-
prising a line spectrum, said filter comprising:

(a) means cutting off transmittance of substantially
all light emitted from a spectral source of the same
and shorter wavelength than that of the spectral line
next adjacent to but of shorter wavelength than said
predetermined spectral line;

(b) means which fluoresces when primarily excited by
light of the wavelength of the predetermined spectral
line [to produce an excitation spectrum containing
substantially nod and which has no substantial
fluorescent response to light of the same and longer
wavelength than that of the spectral line next adjacent
to but of longer wavelength than said predetermined
spectral line; and

(c) means for transmitting at least part of the light
produced by the fluorescence of the means of part (b)
and for absorbing substantially all light from a
spectral source transmitted by the means of part (a)
whereby substantially all of the light passing out of
said filter is derived from fluorescence produced by
light of the wavelength of a single predetermined spec-
tral line in a spectral source.

2. A light filter according to claim 1, wherein the means
of part (a) absorbs light having a wavelength correspond-
ing to that of the light produced by fluorescence of the
means of part (b).

3. A light filter according to claim 1, wherein the means
of part (a) is a red-purple silica, the means of part (b)
is a material which fluoresces green, and the means of
part {(c) is green-colored glass.

4. A light filter according to claim 1, in combination
with a light source adjacent to the means of part (a)
emitting light containing a predetermined spectral line,
and a photoelectric cell adjacent to the means of part (c)
adapted to respond to light of the wavelength produced by
fluorescence of the means of part (b).

5. A combination according to claim 4, wherein the
means of part (¢) is adapted to absorb substantially all
light transmitted by the means of part (a) to which said
photoelectric cell is adapted to respond.

6. A light filter according to claim 3, in combination
with a low pressure, mercury vapor light source positioned
to transmit light to the means of part (a), and a green-
sensitive photoelectric cell positioned to receive light trans-
mitted by the means of part (c).

7. The combination comprising:

(a) a low pressure, mercury vapor lamp emitting light

of 254 millimicrons wavelength;

(b) a light-transmitting means of red-purple silica re-
ceiving light from said lamp;

(c) a light permeable means proximate to the means
of part (b) which fluoresces green when excited by
light of a wavelength shorter than 280 millimicrons;

(d) a light-transmitting means of green colored glass
positioned proximate to the means of part (c); and
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(e) a green-sensitive photoelectric cell positioned to 3,056,032 9/1962 Cannon ———_.o___ 250—226 X
receive light transmitted by the means of part (d). 3,105,908 10/1963 Burkhardtetal. ______ 250—219
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