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OPTICAL SYSTEM
~ This invention relates to apparatus for controlling the
intensity of beams of light in an optical system.

In one class of optical system, a primary light source

located in one focus of an ellipsoidal reflector radiates
light to a light-radiating member in the other focus,
which light-radiating member re-radiates the light
through light absorbance cells. Variations in the inten-
sity of light are detected by a photosensitive element
which applies signals through a negative feedback cir-
cuit to change the intensity of light emitted by the pri-
mary light source in a direction that corrects for the
variations. ‘
. In a prior art type of optical system of this class, the
ellipsoidal reflector is a tubular ellipsoid and the radiat-
ing member is a cylinder aligned with one of the focal
axis of the tubular ellipsoid. In this type of optical sys-
tem, the photosensitive element is positioned near the
primary light source to detect variations in the intensity
of the light emitted by the primary light source.

The prior art optical systems of this type have a dis-
advantage of not precisely maintaining the intensity of
the light that is transmitted constant because they fail
to correct intensity of light under some circumstances
when a correction is required or make a false correc-
tion under other circumstances. This imprecision oc-
curs because the intensity of the light emitted from one
location or in one direction within the primary light
source varies with respect to the intensity of light emit-
ted from another location or in another direction
within the primary light source causing the light applied
to the tubular reflector for application to the radiating
member to vary with respect to the light received by
the photosensitive element so that the feedback circuit
fails to correct for changes or makes a false correction.

Another type of optical system of this class has been
built and tested and shown to maintain the intensity of
light constant with greater precision than the first type.
In this type of optical system, the reflector is a prolate
spheroid rather than a tubular ellipsoid and the radiat-
ing member is a flat, thin radiating member which radi-
ates light into different paths which paths are trans-
verse to its thin dimension. :

It was believed that the intensity of light emitted by
this prior art type optical system could be maintained
constant to a great extent by having the photosensitive
element detect the light emitted from a spot on the ra-
diating member so that the feedback loop would cor-
rect for any changes in the intensity of light radiated
from the radiating member rather than only monitoring
the primary light source.

It has been discovered that this proposed type of opti-
cal system has some unexpected disadvantages. Primar-
ily, the system is less stable than expected. Because of
this, 2 more expensive feedback system is required and
certain oscillations are detectable in the intensity of the
light. Moreover, this system requires that a hole be
drilled in the prolate spheroid to enable the photocell
to monitor light on the radiating member and requires
a relatively expensive mounting for the photocell.

It is not known exactly what causes the instability but
it is believed that it is insufficient light intensity which
prevents the rate of change of light from being as effec-
tively detected by the photosensitive element as would
be the case if the photosensitive element were detect-
ing the greater light intensity from the primary light
source.
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Accordingly, it is an object of the invention to pro-
vide a novel optical system.

It is a further object of the invention to provide a
novel apparatus for controlling the intensity of light in
one or more beams of light.

It is a still further object of the invention to provide
apparatus for controlling the intensity of light re-
radiated from a primary light source.

It is a still further object of the invention to provide
apparatus for monitoring the intensity of light in an op-
tical system, which apparatus provides high stability
and low noise.

In accordance with the above and further objects of
the invention, an optical system includes a primary
light source, a radiating member, a light intensity moni-
toring system, a prolate spheroid reflector, and a sys-
tem utilizing the light radiated from the radiating mem-

“ber to provide beams of light for use in instruments.

The primary light source has its bright spot in one
focus of the prolate spheroid and the radiating member
has a radiating surface in the other focus of the prolate
spheroid so that the radiating member receives light re-
flected by the prolate spheroid from the primary source
of light and radiates it in a plurality of directions, with
the light intensity in each direction being in a constant
proportion to the light intensity in other directions. The
light monitoring system includes a photodetector that
receives light emitted from the primary light source and
provides a signal through a feedback path to control
the intensity of light emitted from the primary light
source so that the light radiated by the light-radiating
member is maintained at a constant intensity.

It has been found that there is a surprising improve-
ment in the signal to noise ratio of the optical system
when a prolate spheroid reflector is used instead of a
tubular ellipsoid reflector with the same type of light
intensity monitor. This improvement in the signal to
noise ratio was greater than would be expected.from
tests run previously with a tubular ellipsoid-and a moni-
tor in which a photocell receives light directly from the
primary light source and provides a signal through a
feedback path to control the primary light source. In
one series of tests, a 30 percent improvement in the sig-
nal to noise ratio was achieved through the use of the
feedback monitor with the prolate spheroid construc-
tion while only a 10 percent improvement was achieved
in using a similar light monitor with a tubular ellipsoid
reflector. The use of the prolate spheroid reflector with
a thin, flat radiator resulted in a further two to one im-
provement in the signal to noise ratio over the cylindri-
cal radiator and tubular ellipsoid reflector, indepen-
dently of the light intensity monitor.

The reason for the greater improvement in the signal
to noise ratio of the combination of a prolate spheroid
reflector with a light monitor that monitors the light di-
rectly from the primary light source over a tubular el-
lipsoid with a similar light monitor is not fully under-
stood. However, it is believed that a photodetector
monitoring a primary light source directly is better able
to correct for fluctuations in light reflected by a prolate
spheroid than tubular ellipsoid because a larger portion
of the light emitted from the primary light source con-
tributes to the final beams of light radiated from the ra-
diating member when a prolate spheroid is used than
when a tubular ellipsoid is used. Because of this, differ-
ences in the intensity of light emitted in different direc-
tions from the primary light source cause a smaller dis-
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crepancy between the light that contributes to the
beams of light emitted from the radiating member and
the light that controls the signal from the photodetector
when a prolate spheroid is the reflector than when a tu-
bular ellipsoid is the reflector.

As can be understood from the above description,
the light source of the invention has a better signal to
noise ratio than prior art arrangements, which better
signal to noise ratio is achieved partly through a reduc-
tion in random noise and increased stability of the feed-
back loop controlling the light intensity of the primary
light source, Moreover, the light source of the inven-
tion is less expensive to fabricate because it requires
one less aperture than some proposed arrangements
and is able to easily accommodate the photodetector
by slipping it over the base of the primary light source
rather than mounting it just outside of the reflector.

The above and further features of the invention will
be better understood from the following detailed de-
scription when considered with reference to the ac-
companying drawings, in which:

FIG. 1 is a view, partly in plan and partly schematic,
of an optical system in accordance with an embodiment
of the invention;

FIG. 2 is a side, sectional view of the optical system
of FIG. 1, taken substantially along line 2—2 in the di-
rection of the arrows.

FIG. 3 is a schematic circuit diagram of the feedback
circuit included in an embodiment of the invention;
and

FIG. 4 is a schematic circuit diagram of a light inten-
sity control circuit useful in an embodiment of the in-
vention.

GENERAL DESCRIPTION

In FIG. 1, there is shown a dual-beam optical system
10 having as its principal parts a dual-beam light source
12, first and second light absorbance cells 14 and 16,
first and and second light measuring cells 18 and 20,
and a light-intensity monitor 21, which light-intensity
monitor includes a photodetector 40.

The dual-beam light source 12 is mounted by a base
22 in a cenral location within a parallelepiped-shaped
cabinet 24 and provides two oppositely directed beams
of light, with the first light absorbance cell 14 being
mounted between a first side of the dual-beam light
source 12 and the first light measuring cell 18 and with
the second light absorbance cell 16 being mounted be-
tween the second side of the dual-beam light source 12
and the second light measuring cell 20. The first side of
the dual-beam light source 12, the first light absor-
bance cell 14 and the first light measuring cell 18 are
aligned in a first beam of light, with the first light mea-
suring cell 18 being mounted to a first side of the cabi-
net 24; the second side of the dual-beam light source
12, the second light absorbance cell 16, and the second
light measuring cell 20 are aligned in a second beam of
light, with the second light measuring cell 20 being
mounted to a second side of cabinet 24. To provide ac-
cess to the interior of the cabinet 24, its sides are
hinged at 26 and 28, permitting it to be easily opened
for assembly, repair and the replacement of parts when
needed.

The dual-beam optical system 10 is a part of photom-
etry apparatus of the type requiring two matched
beams of light. One such type of photometry apparatus,
for example, locates organic solutes such as different
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protein and amino acids and the like as they leave a
chromatographic column during fractionating of the
column.

In this type of apparatus, the different organic solutes
are located as they leave the column by their different
light absorbances, which are determined by transmit-
ting a first beam of light from a dual-beam source of
light through the solute-containing solvent as it leaves
the column and a second beam of light from the dual-
beam light source through a sample of the pure solvent
going into the column and comparing the intensities of
the light in the two beams before and after the solvent
has passed through the column. However, it is under-
stood that there are other specific uses for the dual-
beam optical system 10 known to persons skilled in the
art.

Even in dual-beam optical systems it is desirable to
hold the light source intensity constant in order to im-
prove the signal to noise ratio. This is because it is often
difficult to perfectly match the two channels of the dual
beam system.

While a dual-beam optical system 10 is shown in FIG.
1 and described above, single beam optical systems are
used for similar purposes. For example, to locate or-
ganic solutes in a chromatographic column during frac-
tionating of the column, a single beam light source
transmits its single beam of light through the effluent as
it leaves the column containing the solute and the sol-
vent. Differences in the light absorbance within this ef-
fluent stream indicate the presence of different solutes
at different locations. Moreover, a dual-beam light
source may be operated as two single beam light
sources, utilizing either the same wave length of light
in each beam or different wave lengths of light in each
beam to locate organic solutes leaving two different
columns. Further, light sources may be designed to pro-
vide more than two light beams using principles analo-
gous to dual-beam optical system 10 and these systems
may all be used either to compare the light absorbance
of fluids from two columns or to measure effluents
from individual columns without such a comparison or
a combination of the two functions.

To maintain the intensity of the two beams of light
constant, the photodetector 40 of the light-intensity
monitor 21 is positioned to sense changes in the inten-
sity of the light applied to the dual beam light source
12 and is connected to control the intensity of this light
as will be described more completely hereinafter.

Before operating the dual-beam optical system 10,
the light-intensity monitor 21 is adjusted to establish
the intensity of the light to be emitted from the dual-
beam light source 12.

In the operation of the dual-beam optical system 10
to compare the light absorbance of fluids in two light
absorbance cells, the first beam of light from the dual-
beam light source 12 impinges on the first light measur-
ing cell 18 after passing through the first light absor-
bance cell 14 containing a solute to be located in a
chromatographic column flow stream or to have its
concentration determined and the second beam of light
from the dual-beam light source 12 impinges on the
second light measuring cell 20 after passing through the
second light absorbance cell 16 containing only the sol-
vent. The first and second light measuring cells gener-
ate first and second electrical signals respectively in re-
sponse to the light that impinges upon them and these
signals are compared to provide a comparison between
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the light absorbance characteristics of the substances in
the first and second light absorbance cells.

When operating as a single beam optical system or as
two single beam optical systems, each beam of light im-
pinges on a different- measuring cell after passing
through a light absorbance cell containing a solute to
be located in a chromatographic column flow stream.
Each of the light measuring cells generates an electrical
signal in response to the light that impinges upon it and
variations in this signal indicate the location of the sol-
ute leaving the chromatographic column correspond-
ing to the light measuring cell.

Regardless of whether the dual beam light source 12
is operating as a single beam optical system or a dual
beam optical system, if the intensity of the light emitted
by the primary light source 12 varies from the preset
intensity, the light-intensity monitor 21 senses the
change and brings the intensity of the light emitted by
the primary light source back to the preset intensity.

DETAILED DESCRIPTION OF STRUCTURE

The dual-beam light source 12 includes a lamp 30, a
light radiating member 32, and a two-sector ellipsoidal
reflector 34, with the two-sector ellipsoidal reflector 34
having a first sector 36 and a second sector 38.

To provide light for the first and second beams of
light, the lamp 30 is mounted to the base 22 which
serves as a socket for electrical connection and is cen-
trally located within the dual-beam light source 12. The
lamp 30 serves as a primary light source and may be
any of several different types, the particular type gener-
ally being selected for its ability to provide light of the
desired frequency. ‘

In the preferred embodiment, the lamp 30 is a low
pressure mercury vapor lamp that emits ultraviolet
light having wavelengths which are particularly useful
in some photometric apparatuses such as those that
measure or compare the optical density or light absor-
bance of certain solutions containing organic materials
such as protein, amino acid or the like. However, other
types of lamps may be used as a primary light source for
other purposes. This invention has particular utility in
photometric apparatuses in which the light emitted
from some locations in the primary light source fluctu-
ates in intensity with respect to light emitted from other
locations or in which light emitted in some directions
fluctuates in intensity with respect to light emitted in
other directions.

When the lamp 30 is a mercury vapor lamp as it is in
the preferred embodiment, a thermal clamp is provided
for the lamp. The thermal clamp may be a heat sink,
which can be conveniently provided by forming the
base 22 of metal.

If a thermal clamp is not provided for some types of
mercury vapor lamps in the dual beam light source 12,
the light intensity monitor 21 is unstable and the cur-
rent through the lamp 30 increases to a large value. The
current increases because of a self-repeating chain of
four events, which are: (1) current through the lamp
heats the vapor in the lamp, causing the temperature
and vapor pressure to increase; (2) the increase in
vapor pressure causes more of the light to be absorbed
by the vapor, thus decreasing the intensity of light re-
ceived by the photodetector 40; (3) the reduction in
light intensity sensed by the photodetector causes the
light intensity monitor 21 to increase the flow of cur-
rent through the lamp to bring the intensity back to the
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set value; and (4) the increased flow of current further
increases the temperature of the vapor within the mer-
cury vapor lamp so as to start the chain of four events
again;

To focus a large portion of the light from the lamp 30
onto the radiating member 32, the ellipsoidal reflector
34 has the general shape of a prolate spheroid, with
each of the two sectors 36 and 38 being one sector of
the spheroid spaced from the other sector at the center
of the reflector 34 and having its concave side facing
the concave side of the other. As best shown in FIG. 2,
the bright spot of the lamp 30 is located in a first focus
of the ellipsoidal reflector 34 to focus light on the sec-
ond focus and the light radiating member 32 is located
in the second focus to receive light from a large solid
angle about the lamp 30.

The photodetector 40 is mounted to the base 22 of
the lamp 30 so as to receive light directly from the
lamp. With this arrangement, a change in the intensity
of light emitted by the lamp 30 causes a relatively large
change in the amount of light flux received by the pho-
todetector compared to the change in the intensity of
light in the light beams. This improves the stability of
the light monitor and simplifies the feedback circuitry
included in it. :

To permit the first and second beams of light to leave
the ellipsoidal reflector 34 along a single optical axis,
two light-beam holes 46 and 47 are provided in the el-
lipsoidal reflector 34, with one of the light-beam holes
46 in one of the sectors being aligned with one of the
light-beam holes 47 in the other sector and with the
second focus. Because these two light-beam holes are
aligned with the second focus of the ellipsoidal reflec-
tor 34 and with each other, light is not directly re-
flected in a straight line from one sector through the
light intensity balancer 32 and the hole in the other sec-
tor into a light absorbance cell without being ade-
quately diffused since there is no such light path, all
straight paths of light from one reflector through the
hole of the other reflector being at an angle with the
first and second beams of light.

The light absorbance cells 14 and 16 have passage-
ways aligned with the light-beam holes 46 and 47 and
these passageways aid in collimating the light passing
through the light-beam holes to the light measuring
cells 18 and 20.

While ellipsoidal reflectors containing holes are well
suited for focusing light on the light-reflecting member
32 and permitting discrete beams of light to be trans-
mitted from a spot on the light-reflecting member 32 to
light absorbance cells other types of reflectors are
available, which other types can be used for the same
purpose when properly constructed. Moreover, some
types of lens systems or combinations of lens and re-
flectors can be used for the same purposes as the ellip-
soidal reflectors.

To cause the light beams applied to the light absor-
bance cells to have intensities that are in a constant
ratio to each other even when the intensity of the light
emitted by lamp 3¢ from one location or in one direc-
tion from the lamp changes with respect to the intensity
from another location or in another direction, the light
radiating member 32 includes a transparent or translu-
cent base with a flat light radiating portion mounted in
one of the foci of the ellipsoidal reflector 34, the bright
spot of the lamp 30 being mounted in the other foci.
The flat light radiating portion is aligned with the light-
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beam holes in the sections 36 and 38 of the ellipsoidal
reflector 34 in such a manner that a straight line
through two of the light-beam holes 46 and 47 is per-
pendicular to the flat light radiating portion.

To cause the intensity of the light beams to be always
in the same proportion, the light radiating portion of
the light radiating member 32 may include, in general,
any surface or combination of surfaces that radiates
light proportionately in a plurality of different direc-
tions so that beams of light having light intensities pro-
portional to each other in such directions may be
formed from the light. In the preferred embodiment of
the invention, two beams of light are radiated in differ-
ent directions through the light-beam holes 46 and 47,
and in this embodiment, no lens is necessary to focus
the light into beams from the light radiating member
since the beams are permitted to pass through the light-
beam holes in different directions, thus removing the
possibility of noise in the light caused by a poorly fo-
cused lens that applies light from too large an area of
the radiating member 32 into the beams.

Because light is directed in two opposite directions
from the light radiating member to the light absorbance
cells, the light radiating member has its smallest dimen-
sion parallel to two of the light beams and this dimen-
sion is sufficiently small to avoid any significant attenu-
ation of the light passing through the light radiating
member. Generally, it is less than 1 millimeter thick.
Usually, the performance improves if it is translucent
enough so that it radiates equally in both directions re-
gardless of which section of the ellipsoidal reflector
supplies the light that impinges upon it.

In one embodiment, the light radiating member in-
cludes, for this purpose, a translucent light diffusing
surface having a passive light radiating means such as
particles in a layer sufficiently thin to be translucent or
having light scattering deformations in the surface.
Herein, a passive light radiating means does not emit
light by the changes in the state of excitation of its
atoms or molecules such as happens in incandescent or
fluorescent radiators but only re-radiates light.

The light diffusing surface scatters light incident
upon it in a random manner, causing the light to be ra-
diated in accordance with Lambert’s cosine law, with
the intensity being proportional to the cosine of the
angle with respect to a normal to the light diffusing sur-
face regardless of its location of origin in the lamp 30.
Accordingly, the ratio of the intensities of the light in
the beams is constant because the beams are all at a
constant angle to the emitting surface. Moreover, be-
cause the light radiating member is translucent and
does not absorb much light, light from each one of the
sectors 36 and 38 is re-radiated from both sides of the
light radiating member 32 and contributes to each of
the beams of light, thereby further tending to equalize
the beams of light.

In another embodiment, the light radiating member
includes, for this purpose, fluorescent particles in a
layer sufficiently thin to be translucent or a transparent
sheet of fluorescent material mounted to the transpar-
ent or translucent base of the light radiating member
32. The fluorescent particles or sheet emit light in all
directions so that each point contributes proportion-
ately each of the beams of light. The fluorescent parti-
cles, when used, also create a diffusing surface, causing
diffused light of the frequency emitted by the lamp 30
as well as light emitted by fluorescence of the particles
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to be directed into each of the beams of light. The light
absorbed by the fluorescent particles reduces the con-
stant-ratio effect some, but the performance is still ade-
quate for most purposes.

The frequencies of light to be passed through the
light absorbance cells 14 and 16 and applied to the
photocell within the light measuring cells 18 and 20 are
selected by including filters in the path of the beams of
light to selectively absorb those frequencies of light
that are not to be passed to the photocells. Since the fil-
ters are easily changed, the presence of two different
ranges of frequencies of light, one from fluorescence of
the particles and the other from diffusion of light, each
of which is useful in a different application of the dual-
beam optical system, enables the dual-beam optical
system to be easily adapted to different applications.

In the preferred embodiment, the light absorbance
cells 14 and 16 are flow cells, at least one of which is
adapted to receive the solvent and solute from a chro-
matographic column. The flow cells include windows
aligned with the two oppositely positioned light-beam
holes in the ellipsoidal reflector 34, the light radiating
member 32, and the light measuring cells 18 and 20 so
that two oppositely-directed beams of light are radiated
from the light radiating member 32 through the flow
cells 14 and 16 to energize the photoconductors within
the first and second light measuring cells 18 and 20.
The light measuring cells 18 and 20 include appropri-
ate filters positioned between their photocells and the
light entrance aperture to pass selected frequencies of
light. The dual-beam optical system 12, the light absor-
bance cells 14 and 16, and the light measuring cells 18
and 20 are described in greater detail in U.S. Pat. appli-
cation No. 259,868 to Robert W. Allington filed June
5, 1972, for Dual Beam Optical System.

Of course, the light intensity monitor 21 may be used
to control the light intensity from apparatus not de-
scribed in detail in the aforementioned patent applica-
tion, but it is particularly weil adapted and has special
advantages when used in combination with that optical
system. Moreover, certain engineering changes may be
necessary to adapt other types of apparatus for use in
a combination including the light-intensity monitor 21.
In general, the light intensity monitor 21 has particular
utility when used with an optical system having a pri-
mary source of light which emits light in different direc-
tions or from different locations, with the light in one
direction or from one location varying in intensity with
respect to the intensity of light emitted in another di-
rection or from another location at certain times.

The light intensity monitor 21 includes the photo-
detector 40, a feedback control circuit 42 and a light
intensity control circuit 44.

To control the light intensity control circuit 44, the
feedback control circuit 42 has its input electrically
connected to the photodetector 40, which is mounted
to the base 22 of the lamp 30 in a position where it re-
ceives light from a large solid angle emitted by the lamp
30, and has its output electrically connected to the light
intensity control circuit 44, which is electrically con-
nected to the lamp 30 to control the intensity thereof
in response to signals from the feedback control circuit
42.

In FIG. 3 there is shown a schematic circuit diagram
of the photodetector 40 and the feedback circuit 42 of
the light-intensity monitor 21, with the feedback circuit
42 including a potentiometer 50 and an amplifier 5§2.



To provrde signals to the mput of the amphfier 52 -

which signals indicate changes in the intensity of the

light radiated from the light radlatmg member 32 (FIG.

1), the inverting input of the amplifier 52-is electrically

connected to both the photodetector 40 and the poten- .

tiometer 50, with the photodetector 40, the inverting
input terminal to the-amplifier 52, an_d the pOtentiom-
eter 50 being electrically connected in series in the

order named between a source. of posmve potentlal and -

a source of negative potential. ‘

Since the photoconductor 40 decreases rts résistance
as the light intensity incident upon it increases, a posi-
tive-going signal is applied to, the inverting input termi-
nal of the amplifier 52.as the intensity of light radiated

from the light-radiating member 32 increases; and a

negative-going potential is applied to the inverting ter-
minal of the amplifier 52 as the intensity of light radi-
ated from the hght-radratmg member 32 decreases.”An
output terminal 54 is electrically connected to the out-
put of the amplifier 52 to provide a negative-going sig-
nal when the inténsity of light radiatéd from the hght
radiating member. 32 to’ the. photoconductor 40 .in-
creases and to provide a positive going signal'when the
light intensity. of the light radiated by the light-radiating
member 32 to the photoconductor 40 decreases in in-
tensity. The potentiometer 50 is adjusted to maintain
signals from the photoconductor 40 within the dynamic
range of the amplrfler 52 and to control the sensmvny
of the light-intensity monitor 21.

in FIG. 4, there is shown ‘a schematic ¢ircuit dlagram

of the lamp 30 and the hght intensity control circuit 44

30 different light absorbance: cell, the light-intensity moni-

~tor 21 operates in the $ame manner.
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tam flourescent phosphors that may be mcorporated in

'lrght—r_adrating member 32.

In the operation of the dual-beam optical system 10

't0 compare a solvent containing a solute with a pure
solvent, a solvent containing a solute is pumped

- through the first light absorbance cell 14 and pure sol-
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vent is pumped- through the second light absorbance

cell 16. While the solvent and solute are flowing

through the absorbarice cells, the first beam of light is
transmitted - through the first light absorbance cell to
the first light measuring cell 18 and the second beam
of the light is transmitted through the second light ab-
sorbance’ cell to the second light measuring cell 20,
with the first and second beams of light having propor-
tional light intensities.

The first light measuring cell 18 and the second light

‘measuring cell 20 derive signals representing the inten-
sity of the light in the first and second beams of light

and these signals are compared in circuitry (not shown)
to obtain information about the solute flowing through

- the first light absorbance cell. While the first and sec-

25

ond beamis of light are being radiated through the first
and second light absorbance cells, the light-intensity
monitor 21 detects changes in the intensity of the light
being radrated from the primary light source and cor-
rects for such: changes to maintain the intensity of the
light constant. Of course, in a optical unit utilizing only

'one beam of light or in an-optical system in which the

- two beams of light are ‘each used to locate solute in a

electrically connected together, with the llght-mtensrty_

control circuit 44 including a lamp, current meter 56,
an npn transistor 58,’a potentrometer 60, and an input

terminal 62. The lamp 30, .the lamp-current meter 56, -

the npn transistor 58 and ‘the potentiometer 60 are
electrically connected in series in the. ordér named be-

tween a source of posmve potential’ and: ground, with
the base of the npn transistor being electrically ‘con-.

nected to'the input terminal 62, its collector being elec-

trically connected to the meter 56, and its emifter bemg'

electncally connected to the potentlometer 60. To re-

ceive signals from the feedback circuit 42, the input .

terminal 62 of the light-intensity control circuit-44-is

connected' to the output termmal 54 (FIG 3) of the‘

feedback circuit 42.

DETAILED DESCRIPTION OF OPERATION
Before operating the dual-beam optrcal system 10

filters are inserted into the first and second light mea.

‘To generate the first and second bearhs of hght the

, lamp 30 radiates light, which in the preferred embodi-

ment is ultraviolét light having a relatively high inten-
sity at 254 nanometers onto the light radiating member

'32. Since the bright spot of the lamp 30 is-in one focus
_and the light radiating member 32 is in the other focus

- of the ellipsoidal reflector 34, light from a solid angle

- that is a major portion of a sphere is radiated from the
40._lamp 30 to the light radiating member 32. The light

" emitted in one direction or from one location within

suring cells 18 and 20 (FIG. l), the intensity: of the .
lamp 30 is adjusted by adjusting the potentiometers 60

and 50. The current flowing through the lamp 30 is-
55

measured by the meter 56 for convemence m makmg
adjustments.

Generally the filters are selected in accordance WIth :

the particular use of the dual-beam optrcal system. For "
example, to detect a solute that absorbs light havinga "

wave length of 254 nanometers, filters are inserted into
the light measuring cells. 18 and 20 to block light having

wavelengths other than 254 nanometers, 254 nanome- -
ters being one wavelength of light emitted by low pres- .
sure mercury lamps. On the other hand, to detecta sol- -

ute that absorbs light having a wavelength of between

270 and 290 nanometers, filters are inserted to block -

other wavelengths of light, light having a wavelength of

65 32 includes 4 thin translucent layer of flourescent parti-

between 270 and 290 nanometers being emltted by cer- .

the lamp 30 may vary in intensity with respect to the
light emitted in a different direction'or from a different

4‘5.,Iocatlon in-the lamp 30. This occurs in low- pressure

mercury. vapor lamps because the vapor moves about
in the lamp by convection, absorbing more light flow-
ing through one path with the lamp than through an-

_other path.
- 'To maintain the mtensrty of the lrght in the first, sec-

ond and third light beams in a constant proportion to

-each other, the hght—radratmg membeér 32 radiates light

with proportional intensities in different directions with
the proportion’ of light radiated ‘in each direction de-
pending on the direction even though the lrght from the

:‘lamp 30.may have an intensity in one direction that va-
,rres with'respect. to- the intensity in another direction.

 In one embodiment, the light radratmg member 32 is

‘a translucent diffusing surface that diffuses the light ra-
“diated to. it and re-radiates it through the three light-
- beam holes in the ellipsoidal reflector 34. ‘The light is
‘radiated in "accordance with Lambert’s cosine law with

the light impinging upon each spot; causing propor-

" tional radiation into each of the beams of light."

In another embodiment, the light radiating member

cles which diffuses light and flouresces, with the dif-
fused light making proportional contributions to each



3,859,539

11

of the beams of light of a first frequency and with the
flourescent light making proportional contributions to
each of the beams of light of another frequency be-
_ cause the intensity of the radiation of diffused light and

- flourescent light is independent of the direction of the

light causing the radiation.”

" “In still another embodiiment, the light radiating mem-
ber is a translucent or transparent flourescent material
-‘which fluoresceslight into each of the beams of light

o "with proportional intensity.

After the first and second beams of light pass through
the first and second light absorbance cells 14 and 16,
they impinge upon the first and second light measuring
cells 18-and 20, where they pass through filters that se-
lect a single spectral region.to transmit to the photo-
-.cells which develop signals related to the amount of

light absorbed by, the solute and solvent. The filters are
~'selected in accordance with the particular application
~ of the dual-beam optical system as explained above.

To maintain the intensity of light in the light beams.

_constant, the photodetector 40 receives light from thé
- :lamp- 30 which light is proportional in intensity to a
function of first and second beams of light. The photo-

15

20
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From the above description it can be understood that
the dual beam optical system 10 has the advantage of
providing relatively high precision in maintaining the
intensity of the light in the first and second light beams
constant and of being economical. The control of the
intensity of the beams of light is precise because: (1)
the light monitoring system is controlled by light emit-
ted from the light source 30 and the prolate-spheroid-
shaped reflector enables a large percentage of this light
to be utilized; (2) the photodetector receives light of
relatively high intensity from the lamp so that it re-
sponds to changes in intensity faster than would be the
case if the photodetector received lower intensity light
through a light beam hole in the reflector. The light
monitor is economical because the photodetector is
easily mounted to the base 22 of the primary light
source 30 and because the feedback circuit is simpli-
fied by the increased stability of the light monitor over
light monitors that monitor light reflected from the ra-
diating member.

Although a preferred embodiment of the invention

_has been described with some particularity, many mod-

- ifications and variations are possible in the preferred

detector 40 generates an electrical signal in response to -

the light, which electrical signal indicates changes in
- the intersity of the light received by and radiated from

25

‘the light radiating member 32 and applies this signal to

the feedback control circuit 42. In response to the sig-
nal from the photodetector 40, the feedback control

circuit 42 causes the light intensity control circuit 44 to

correct for any changes in the intensity of the light radi-
ated from the lamp 30 to maintain the light intensity in
the first and second light beams constant. .

To receive signals indicating changes in the intensity
of light from the photodetector 40 and to control the
light intensity control circuit 44, changes in the resis-
tance of the.light intensity detector 40 cause changes
in the input signal applied to the amplifier: 52, The am-
-plifier 52 inverts the changes and applies them to the
output terminal 54 which is connected to the input ter-
‘minal 62 of the light intensity control circuit 44. -

'When the intensity of the light on the light radlatmg’

member 32 from the light source 30 increases, the re-

“~. sistance of the photodetector 40 decreases, causmg the
S "mput,‘potentlal to the amplifier 52 to change in a posi-
" :*7tive direction, resulting in a negative-going signal on

“‘terminal 54. When the intensity of the light on radiating

-. member 32 decreases, the resistence of the photode-

tector increases, causmg the input potential to the am-

30

 plifier 52 to change in a negative direction, resulting'in >

a positive-going signal at the output terminal 54.

To control the intensity ofthe light emitted by the -

lamp 30, a positive-going-signal on the input terminal
62 of the light intensity control circuit 44 increases the

flow through the lamp 30, and thereby increasing the
intensity of light emitted by the lamp 30. A negative
signal on input terminal 62 decreases-the conductivity-
of the transistor 58, decreasing the current through the
lamp 30 and thereby decreasing the ‘intensity of the
light emitted by. the lamp 30. Accordingly, a decrease
in the intensity of the light emitted by the lamp 30 is re-

. Lo . . X 55
conductivity of transistor 58, causing more current:to

60

sisted by a tendency to-increase the intensity of the -

light emitted by the lamp 30 and an increase in the in-
tensity of the light emitted by the lamp 30 is resisted by
a tendency to decrease the intensity of the llght emitted
by the lamp 30.

65

embodiment without deviating from the invention. Ac-
cordingly, it is to be understood that, within the scope
of the appended claims, the invention may be practiced
otherwise than specifically described.

What is claimed is:

1. Apparatus for applying light from a primary light
source to an-object with a controlled intensity compris-
ing:

a light-radiating member;

focusing means for focusing light emitted through a
relatively large solid angle from said light source
onto a spot on said light-radiating member,

. whereby a substantial amount of light is radiated by

said light-radiating member;
said primary light source including means for emit-
ting light in a plurality of directions with an inten-
~ sity that fluctuates in one directionn with respect to
the intensity in another direction;
- electrical power means for controlling the intensity
of light from said light source;
detector means for detecting the intensity of the light
emitted from said light source; and
feedback control means for causing said electrical
power means toincrease the intensity of light from
said light source when said detector means detects

a decrease in the intensity of said light and for caus-

ing said ¢lectrical power means to decrease the in-

-tensity of light from said light source when said de-

tector means detects an increase in the intensity of

.- "said light;

sald detector means bemg positioned at a location
where it receives substantial amounts of light flux
.from said primary light source;

said light-radiating member being sufficiently trans-
lucent to radiate light focused upon it from any di-
rection equally in two opposite directions.

-2. Apparatus according to claim 1 in which:

said light-radiating member is a passive light radiat-

ing means; and

said passive light-radiating means includes means for

substantially diffusing light.

3. Apparatus according to claim 2 in which said light-
radiating member includes a light-radiating means for
radiating light along at least a first and a second path -
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from said radiating member in response to said light
from said source of light with a substantially constant
ratio of the intensity of the light in said first path to the
intensity of light in said second path, which ratio is sub-
stantially independent of fluctuations in the light from
said light source.

4. Apparatus according to claim 3 in which:

said focusing means. includes a prolate-spheroid-

shaped reflector having first and second foci;

said light-radiating member being located in said first

focus of said prolate-spheroid-shaped reflector;
said light source including means for emitting light

from said second focus of said prolate-spheroid-
shaped reflector;

~ said prolate-spheroid-shaped reflector including a
first section having internal walls defining a first
hole and a second section having internal walls de-
fining a second hole;

said first hole, first path and light radiating means

being aligned; and )

said second hole, second path and light radiating

means being aligned. ,

5. Apparatus according to claim 1 in which:

said focusing means includes a prolate-spheroid-

shaped reflector having first and second foci;

said light-radiating member being located in said first

focus of said prolate-spheroid-shaped reflector to
radiate light along at least a first and second path
from said radiating member;

said light source including means for emitting light

from said second focus of said. prolate-spheroid-
shaped reflector;

said prolate-spheroid-shaped - reflector including a

first section having internal walls defining a first
hole and a second section having internal walls de-
fining a second hole;

said first hole, first path and light-radiating member

being aligned; and

said second hole, second path and light-radiating

member being aligned.

6. Apparatus according to claim 1 in which:

said light-radiating member is a clear fluorescent

means for emitting light at a first frequency when
impinged upon by light having a second frequency;
and

said light source includes means for emitting light of

said second frequency.

7. Apparatus according to claim 6 in which said fluo-
rescent means comprises means for emitting light hav-
ing a wavelength substantially in the range of 270 to
290 nanometers and said light source is an ultraviolet
lamp.

8. Apparatus according to claim 7 in which said radi-
ating member includes a light-radiating means for radi-
ating light along at least a first and a second path from
said radiating member in response to said light from
said source of light with a substantially constant ratio
of the intensity of the light in said first path to the inten-
sity of the light in said second path, which ratio is sub-
stantially independent of fluctuations in the light from
said light source. ‘

9. Apparatus according to claim 8 in which:

said focusing means includes a prolate-spheroid-

shaped reflector having first and second foci:

said light-radiating member being located in said first

focus of said prolate-spheroid-shaped reflector;
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_ said light source including means for emitting light
from said second focus of said prolate-spheroid-
shaped reflector;

said prolate-spheroid-shaped reflector including a

first section having internal walls defining a first
hole and a second section having internal walls de-
fining a second hole;

said first hole, first path and light-radiating member

being aligned; and

said second hole, second path and radiating means

being aligned.

10. Apparatus according to claim 1 in which said
light-radiating member includes means for substantially
re-radiating light in directions spacially independent
from the directions of the light impinging upon it.

11. Apparatus according to claim 10 in which said
means for re-radiating light comprises a plurality of
particles. '

12. Apparatus according to claim 11 in which:

said plurality of particles comprise fluorescent means

for emitting light at a first frequency when im-
pinged upon by light having a second frequency;
and

said light source includes means for emitting light of

said second frequency, whereby fluorescent light of
said first frequency is directed toward said object.

13. Apparatus according to claim 11 in which said
plurality of particles comprise means for passively re-
radiating diffused light and for radiating fluorescent
light toward said object. .

14. Apparatus according to claim 13 in which said
light-radiating member includes a light-radiating means
for radiating light along at least a first and a second
path from said light-radiating member in response to
said light from said source of light with a substantially
constant ratio of the intensity of the light in said first
path to the intensity of the light in said second path,
which ratio is substantially independent of fluctuations
in the light from said light source.

15. Apparatus according to claim 14 in which:

said focusing means includes an prolate-spheroid-

shaped reflector having first and second foci;
said light-radiating member is located in said first
focus of said prolate-spheroid-shaped reflector;

said light source includes means for emitting light
from said second focus of said prolate-spheroid-
shaped reflector;

said prolate-spheroid-shaped reflector includes a first

section having internal walls defining a first hole
and a second section having internal walls defining
a second hole;

said first hole, first path and light-radiating member

are aligned; and

said second hole, second path and radiating member

are aligned.

16. Apparatus according to claim 15 in which said
particles comprise means for radiating light having a
wavelength sybstantially in the range of 270 to 290
nanometers, and said light source is an ultraviolet lamp. .

17. Apparatus according to claim 1 in which:

said light source is a mercury vapor lamp; and

said apparatus includes temperature control means

for maintaining the temperature of the mercury
vapor lamp within a predetermined range.

18. Apparatus according to claim 17 in which said
temperature control means is a heat sink positioned ad-
jacent to said mercury vapor lamp.
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19. Apparatus according to claim 1 further including
at least first and second photocells, means for radiating
a light from said light-radiating member onto said first
photocell through one light path and on said second
photocell through a second light path.

20. Apparatus according to claim 2 further including
at least first and second photocells and means for radi-
ating light from said light-radiating member onto said
first photocell along a first path and onto said second
photocell along a second path.

21. Apparatus according to claim 6 further including
at least first and second photocells, and means for radi-
ating light from said light-radiating member onto said
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first photocell through a first light path and onto said
second photocell through a second light path.

22. Apparatus according to claim 12 further inciud-
ing at least first and second photocells and means for
radiating light from said light-radiating member onto
said first photocell through a first light path and onto
said second photocell through a second light path.

23. Apparatus according to claim 13 further includ-
ing at least first and second photocells and means for
radiating light from said light-radiating member onto
said first photocell through a first light path and onto
said second photocell through a second light path.

* * * * *
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