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A color spectrophotometric system using a xenon flashtube (1) wherein the flashtube (1) is operated under condi-
tions causing electrodes (3, 4) to regenerate rather than deteriorate while in use and wherein the light measurements at var-
jous wavelengths are corrected in accordance with two reference measurements to normalize for both intensity variations
and spectral shifts of light from the flashtube (1). A capacitor (10) discharge through the flashtube (1) by way of an induct-
ance (12) which reduces the peak and lengthens the duration of the discharge current.
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BACKGROUXD OF THE IXVENTION

1

, This invention relates to color spectrophotometric

instrumentation, and more particularly, to an improved o
5 spectrophotometric system illuminated with a high

intensity flashtube.

Xenon flashtubes are utilized in many different
types of installations to provide very high intensity,
short duration, light flashes. Generally, the flashtube

10 consists of a glass enclosure with a pair of electrodes
extending into the enclosure which is filled with a
xenon gas. When an arc is struck between the electrodes,
usually by energization from a capacitor discharge, a
high intensity light flash results.

15 In general applications the life of a xenon
tube is usually determined by the erosion of the arc
electrodes through sputtering. The sputtering results
in a metallic film that develops on the glass enclosure
as well as an accumulation of metal particles within

20 the enclosure.

Xenon flashtubes have also been used as a
pulsed light source for spectrophotometric instrumenta-
tion according to techniques taught in G.P. Bentley et
al Patent No. 3,458,261. The use of high intensity,

25 short duration, pulse illumination has the advantages of
providing a higher signal-to-noise ratio when measuring
dark objects and of not distorting measurements by heat-
ing the object beiﬁg measured.

However, with color spectrophotometric instru-

30 mentation the spectral nature of the light becomes more
critical and the deterioration of the spectral stability 3
as the tube ages appreciably shortens the accepﬁable life
span of the flashtube. It has been found that in prior
Xenon flashtube spectrophotometric equipment the life

35 of the xenon tube is limited to about 100,000 flashes.
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° Beyond this point the spectral distribution of the light
genérated in the flash becomes too eratic to provide

acceptable spectrophotometric data. Although this life

span may be acceptable in systems which are used period-
ically, it amounts to something like ten days im a con-

5 tinuously operating system which is too short for most

commercial applications.
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Summary of the Invention

In accordance with the invention the current
supplied to the Xenon tube is reduced as compared to prior
systems while maintaining approximately the same energy
content per pulse applied to the electrodes. Quite
unexpectedly, in addition to reducing the sputtering
effects, this change has been found to result in a
regeneration of the electrodes rather than the deter-
ioration noticed in prior systems.

A new electrode is shaped to provide a fairly
sharp point and, therefore, when ﬁhe arc is struck
between a pair of new electrodes, the arc follows a
reasonably well defined path point-to-point. The
electrode points wear down in use and gradually became
rqunded. With a rounded tip the arc path becomes eratic
and, in the prior systems, this seems to result in eratic
light generation that eventually limits the life span
of the flashtube.

When operating according to this invention,
it appears that enucleation sites develop on the surface
of the electrodes and gradually build up metallic nodules
that, in effect, form new points on the electrode. 1In '
a series of successive flashes, the arc is struck between
the same points, i.e., either the original points or new
points formed by the build-up of material during operation
of the tube. Although there are treatises discussing
various observed surface effects on arec electrodes, none
of the treatises seem to describe the spheroidal nodule
formation observed in actuazl experiments with the inven- .
tion and, hence, the phenomena causing the enucleation
and regeneration build-up of new points on the electrode *
cannot be explained.

Another unexpected phenomena concerns the
spectral distribution of the flash. When operated in

accordance with the invention, the spectral distribution
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of the flash shows a greater difference between
successive flashes than had been observed in prior
systems. Normally, such a variation im the spectral
distribution would be undesirable and could very well
render the flash unusable for spectrophotometric
measurements. Surprisingly, however, it has been found
that when the measured values are normalized at multiple
spectral points (rather than at a single intensity
normalization point) the system actually provides a lower
deviation than was found with prior flash systems under
similar circumstances. Thus, even though the actual
spectral deviation is greater when operating according
to the invention, the deviation after multiple point
normalization is less thereby resulting in a superior
system.

The invention has been found to improve the
operating life span of a xenon flashtube in the
spectrophotometer by an order of magnitude. Systems
have been successfully operated in the laboratory for
several million flashes without appreciable electrode
deterioration, enclosure clouding from metallic film

deposits or degradation of spectral stability.
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Brief Description of the Drawings

Figure 1 is a schematic illustration of the
circuit for energizing the xenon flashtube in accor-
dance with the invention.

Figure 2 is a diagram including a set of
curves showing different flashtube emergization
characteristics.

Figures 3A, 3B and 3C are drawings illustrat-
ing various electrode surface conditiomns.

10 Figure 4 'is a schematic diagram illustrating
2 spectrophotometer.

Figure 5A iIs a diagram showing the spectral
distribution for a xenon flash; figure 5B illustrates
15 the effect of single point intensity normalization and

Figure 5C illustrates the effect of two point normal-

ization.
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Detailed Description

Figure 1 is a schematic¢ illustration of the
circuit used to energize a xenon flashtube 1 in accor-
dance with the invention. The flashtube consists of a
glass enclosure 2 with electrodes extending into the
enclosure filled with xenon gas. Electrode 4 acts as
an anode and electrode 3 acts as a cathode. The flash-
tube also includes a wisker 6 connected to the anode
and extending downwardly and outwardly toward the
enclosure wall. A film 5 is deposited on the outer
surface of the enclosure starting in the region opposite
the free end of wisker 6, extending around the enclosure
and down the side to connect to the cathode. The wisker
and conductive film, . described more fully in Goldberg
patent no. 3,758,819, are used to ionize the gaseous
medium to trigger the arc in the flashtube.

Xenon flashtubes suitable for color spectro-
photometric use are manufactured by U.S. Scientific
Instruments type 2CP-n.

The xenon flashtube is energized by a pulse
discharge from a capacitor 10. One plate of the capacitor
is connected to anode 4 via the series combination of an
inductance coil 12 and a diode string 13. The other plate
of the capacitor is connected to cathode 3. The anode
of a diode 14 is connected to the cathode 3 of the flash-
tube, and the cathode thereof is connected to the anode

via coil 12 and diode string 13.

The charging circuit for capacitor 10 includes
a transformer 7 and a full-wave bridge rectifier 8. The
output of the bridge is connected across capacitor 10
through a current limiting resistor 11 (100 ohms).

The circuit parameters are selected to provide
a high current pulse discharge to energize the xenon
flashtube to produée a flash of appropriate intensity

for reflectance or transmittance spectrophotometric

_______‘__-
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measurements. Capacitor 10 is preferably of a 100
microfarad size and is preferably charged to a potential
of about 570 volts. When fully charged the capacitor
has an energy content of about 15 joules with a peak
power of about 100,000 watts.

The trigger circuit for initiating an arc dis-
charge includes a step-up transformer 22. The high
voltage secondary of the transformer is connected across
the anode and cathode 3-4 of the flashtube. One end of
the primary winding is connected to the negative terminal
of bridge 8 and the other end of the winding is connected
to the positive bridge terminal via a capacitor 21 and a
resistor 20. A switch 23 (which can be.a solid state
switch like a silicon controlled rectifier) is connected
across capacitor 21 and the primary winding of transformer
22. Another suitable trigger circuit is described in
Ward Patent No. 3,355,625.

Assuming both capacitors1l0 and 21 are charged,
then closure of switch 23 will provide a high intensity
short duration flash. When the switch closes, capacitor
21 discharges to energize the primary of transformer 22
which in turn generates a potential on the secondary that
tends to rise toward some high potential such as twelve

kilovolts. Diodes 13 prevent this high potential from

" feeding back to further charge capacitor 10. When the

potential across the anode-cathode circuit of the flash-
tube reaches 5-6 kilovolts, the wisker 6 and film 5
initiate ionization of the gaseous medium causing the
gas to break down. This results in establishing an arc
between electrodes 3 and 4 as main capacitor 10 discharges
via inductance 12, diodes 13, anode 4 and cathode 3.

If coil 12 were omitted, as is conventional
in prior ért circuits, closure of switeh 23 would result

in a éischarge of the nature shown by curve A in Fig. 2.
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The current flow through arc electrodes 3-4 would rise
rapidly to about a 5,000 ampere peak and then diminish
exponentially towards zero. The duration of the
principal portion of the pulse is about 20-30 micro-
seconds. The pulse diminishes substantially to zero
in 50 microseconds.

The addition of inductance coil 12 and diode 14
alters the discharge as indicated by curve B in Fig. 2
so that it has a lower peak current énd a longer
duration. With the coil in the circuit, when capacitor
10 begins discharging, .energy is first absorbed in the
coil. The energy in the coil is théreafter dissipated
and discharged into the flashtube by a curreat path
through diode 14 bypassing capacitor 10. .

For the specific xenom tube and other circuit
parameters as specified above, the preferred inductance
coil includes 40 turns of tightly wound number 14 gauge

wire wound around a 3/8 inch diameter core form.

Satisfactory operating results are achieved with coils. (

ranging from 10 turms to 100 turns. The corresponding QE$L %ﬁ
ML Ml ?,, Q

inductances are in the range of 1l henry to 104henrys. Y

The preferred 40 turn coil has an inductance of about 50\-
3:ﬁgg;ys. For the larger coils it is preferable to use
layered windings in order to reduce resistance in the
main current path and to reduce the size of the coil.
The same inductance can be achieved in a2 layered coil
using fewer turms.

When a 40 turn inductance coil as specified
above is included in the circuit, the peak discharge
current is reduced from 5,000 amperes to about 2,000
amperes as indicated in curve B in Fig. 2. The current
drops substantially to zero at 80 microseconds. When used
in spectrophotometry instruments peak currents in the range
of 4,000 to 1,000 have been found to provide the desired

results in accordance with the invention. These pulses
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have a duration in the range of 60 to 200 microseconds
(based on substantially zero values).

Figure 3A illustrates the appearance of a pair
of new electrodes 30 and 31 such as would be included in
the xenon tube 1 as the anode ana cathode respectively.
Sucth electrodes are generally constructed from sintered
tungsten with impurities such as a barium compound
included therein. As can be seen in the drawing, the
electrodes are shaped to provide points 32-33. When the
arc is struck within the flashtube it travels from the
point of one electrode to the point of the other
electrode. Thus, with new electrodes having relatively
sharp points the flashtube will provide‘a relatively
stable arc of a fixed length and lateral location.

Figure 3B illustrates the appearance of the

"electrodes after use in prior type sytems operated at

about 5,000 ampere peak current without the inductance
coil 12 in the circuit. As can be seen in the drawing,
electrodes 33-34 have deteriorated and, after about
100,000 flashes would appear having rounded ends 35 and
36. With a rounded electrode the arc may originate from
different random sites on the electrode resulting in
variations in the arc length, variations in the lateral
location of the arc, and undesirable variations in the
spectral distribution of the flash. Such rounded
electrodes provide eraztic illumination and are unsatis-
factory for spectrophotometric instrumentation.

The unexpecﬁed electrode regeneration effect
observed in actual practice when operating in accordance
with the invention causes changes in the electrode surface
structure as shown in Figure 3C. In operation enuclea-
tion sites develop on the conical end surface of
electrodes 37 and 38. Molecules of metallic material
built up at the enucleated sites gradually forming
spheroidal nodules 39 and 40 as shown in the illustration.

When the original point of the electrode is worn down and

L2
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becomes rounded, one of the nodule points such as at 39
or 40 takes over as the electrode point from which the
arc originates. While one nodule point is the point of
origination for the arc, nodules in other regioms attract
material and tend to grow and eventually take over as

the electrode point. In this fashion there is a contin-
uval regeneration of the electrode providing a stable site
for arc origination on successive flashes. Since the arec
originates from a specific controlled point during
successive flashes, the arc tends to be stable in length
and lateral location. |

Fig. 4 shows a spectrophotometer used to make
diffuse reflectance measurements throughout the visible
spectrum in order to measure the color of a sample. This
spectrophotometer includes a xenon flashtube 43 according
to this invention. To provide diffuse illumination, a
sample 41 is placed in an integrating sphere 42 which
is a hollow sphere, the inside surface of which is
covered with a white diffusing coating such as barium
sulphate. Illumination is pro%ided by the pulsed xenon
flashtube. The xenon flashtube provides a short, intense
pulse of illumination which drops to substantially zero
in 80 microseconds. Because of the short duration of
sample illumination it is possible to measure moving
samples, which typically move a negligible distance
during the measurement. (See, e.g., G.P. Bentley et al
U.S. Pat. No. 3,458,261). Also the high intensity and
short pulse width renders an electronic syste=z that is
high-pass filtered insensitive to the effects of ambient
light.

Rays of illumination emanating from the source,
such as rays A, B and C, strike the diffusely reflective
wall of sphere 42 and are then diffusely reflected as,
for example, is ray B. Some of these diffusely
reflected rays strike the sample, but most strike




WO 82/03913

10

15

20

25

30

35

PCT/US81/00678
-12 -

another portion of the sphere a second time. This
process repeats until all rays are absorbed by the sample
or the sphere wall, or are reflected by the sample out of
the sphere through circular aperture 44. Aperture 44 is
located so as to pass rays reflected at a small angle,
e.g., 8°, to the sample normal.

The rays reflected from the sample are collected
by a lens 45 and focused through slit 46. The purpose of
slit 46 is to restrict the angular spread of rays that
proceed through the remainder of the optical system. The
rays that pass through slit 46 are'collimated by a lens
47 and impinge on dispersive elements 48, which may be a
prism or a diffraction grating. Fig. 4 illustrates a
reflective diffraction grating, which is the preferred
dispersive element.

Grating 48 separates the incident light into
its component wavelengths by deviating each wavelength
by a unique angle. For example, the red rays, which have
a wavelength of 700nm, follow rays R and R', while the
fiolet rays, which haée a wavelength of 400nm, follow rays
V and V'. Lens 49 focuses these rays onto a'lineér array
of discrete photodetectors 50, the red rays being focused
at point R" and the violet rays at point V". All wave-
lengths between 400nm and 700n= are focused at points R"
and V". The result is an image of the visible spéctrum
in the plane of photodetector array 50.

It is possible to replace lems 47, grating 48 and
lens 49 by a'single diffractior grating that is manufactured
on a concave spherical surface. The spherical surface
behaves as a mirror with the ability to focus rays of
light. The use of such a concave grating, therefore, is
entirely equivalent to the use of the two lenses and the
grating shown in Fig. 4. It is also possible to replace
one of both of the lenses by concave mirrors, which

perform the same imaging function as the lenses they replace.

o,
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The photodetectors can be silicon photodiodes.
Each photodiode measures only a narrow band of wavelengths.
The width of this band depends on the width of slit 46 and
the width of each photodiode. The wavelengths'measured
depend on the positions in the array, of the detectors.

The number of detectors in the array is equal to the number
of different wavelengths that are simultaneously measured.
In a typical arrangement, there are 16 detectors that
measure from 400nm to 700nm in equal inter%als of 20am in
accordance with CIE (Commission Internationale de L'eclairage;
French International Commission on illumination) standards.
It has been found that the width and the center-to-center
spacing of the detectors affect the accufacy of the measure-
ments for some colors. Accordingly, the ratio of the
detector width to the center-to-center detector spacing
should be in the range of 0.6 to 0.9 and preferably about
0.8 for best results.

A pair of reference photodetectors 62 and 63 are
located in holes in the sphere wall in order to monitor the
intensity of the illuminating pulse. As will be described
hereinafter in connection with Figs. 5A-5C, these detectors
monitor the intensity at different wavelengths and, there-
fore, are provided with appropriate light filters. The
signals derived from the detectors are used to "normalize"
the signals derived from the detectors in array 50.

A portion of the sphere wall, known as the
specular port 53, can be removed by means of a hinge
assembly 54 in order that the sample not be illuminated
by rays that would be specularly reflected (i.e., reflected
as off a mirror) and subsequently measured. When the
specular port 53 is removed, a light trap 55 prevents
light that escapes through the hole in the sphere wall
from deflecting about outside the sphere. The center of
the specular port is located 8° from the sample normal,
so that a ray of light emanating from the specular port

will be specularly reflected in such a direction that it
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will pass out of the sphere through aperture 44.
In order to keep the spectrophotometer im correct :
calibration, a prism 56 can be inserted into the path of )
rays that are reflected by the sample. This prism deviates s
5 rays from the sample so that they are deflected up (in a
direction out of the plane of Fig. &4, thereby missing col-
lecting lens 45. 1Instead, rays that are reflected from a
portion of the sphere wall above the sample are directed
into collection lens 45 and are analyzed. Since the
10 reflectance of the sphere wall is quite stable from day
to day, this measurement can be used as a means of
periodic calibrationmn.
Fig. 5A illustrates the spectral distribution
of the light from a xenon flashtube illumination with
15 tungsten electrodes which, as can be seen, varies in
intensity at different wavelengths. The light seems
to include specific light bands as well as broad band
distributions.
For simplicity, only eight detector measure-
20 ments (a)=-(h) are shown in Fig. 5A whereas, as pre%iously
mentioned, a typical system is likely to include sixteen
or more such measurements.
If one of the detectors 62 (Fig. 4) is arranged
to monitor the intensity of light at wavelength 70, as
25 shown in Fig. 5B, this measured value is used by the
processing electronics 51 (Fig. 4) to "normalize™ for
intensity variations. This is accomplished by dividing
the measured values from the detectors 50 by the
reference value measured by detector 62. ’ .
30 By observing flashtube operations it has been '
found that in addition to intensity variations there
are also spectral rocking variations such that the
intensity of light at one end of the spectrum sometimes

increases more than the intensity at the other end.
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Thus, if a single point intensity normalization is made

at wavelength 70, for example, there may be deviations
from the true value at other points in the spectrum.

In general, as shown in Fig. 5B, these deviations could
fall between the lines 71 and 72 as indicated by the
shaded area and increase as the distance from the monitor-
ing point increases.

To compensate for the spectral shifts it is
preferable to also normalize at least one additional
point such as wavelenth 73 as shown in Fig. 5C.
Reference detector 62 is used for ihis purpose. The
two monitoring points 70 and 73 should be well separated

as shown.

The preferred procedure for obtaining data for
the spectral normalization is to use a standard white
tile and record values for each of the detectors 50 and
63 after intensity normalization (detector 62). From
this data an average value can be determined for each of
the detectors 50 corresponding to each of the different
measurable values from detector 63. These average values
are placed in a look-up table and used for the spectral
normalization. 1In use on an unknown sample, when a value
is measured by detector 63 the correction factors
corresponding to this measured value are obtained from
the look-up table and used to modify the values obtained
from the detectors 50.

With two point normalization as described above,
correct values are assured at wavelengths 70 and 73, the
normalization points, but some degree of deviation would
still be expected at other points in the spectrum. This
deviation, in exaggerated form, would be as indicated by
the dashed lines 74 and 75 in Fig. 5C.

When the flashtube circuit is modified as shown

in Fig. 1 according to this invention it was found that
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a greater spectral shift results. As shown in Fig. 5B, )
the deviation would fall between the dotted lines 76-77 :
without the inductance but increase to the area between '
lines 71 and 72 for a larger maximum deviation d1 R
gseemingly indicating that the illumination spectrum is
less stable and not suited for spectrophotmetric
measurements.
Surprisingly, however, it was found that even
though the deiiation after intensity normalization is
greater with the modification according to the invention,
10 the deviation after two-point normalization is less. As
shown in Fig. 5C the maximum deviation is reduced from
dz to d3-as is shown by the shaded area in Fig. 5C. The
reason for this unexpected improvement is unknown.
Color spectrophotometric instruments are usually
15 rated according to ability to repeat the same measurement.
These ratings are inm accordance with color difference
values wherein a value of 1.0 is the just perceptible color
difference detectable by the human eye. Repeatability is
20 the RMS (root mean square) color difference’%alue o%er a
series of measurements on the same sample.
With the prior systems, single point intensity
normalization would give eratic results with color
difference values as high as 1 or 2. Similar systems
95 with two point normalization would normally be in the
range of .17 to .25 color difference. With the modification
according to this invention, after two-point normalization,
the repeatability performance improved to the range of
0.09 to 0.15 color difference.
30 The processing electronics 51 preferably includes
a sample and hold circuit and an analog-to-digital con-
verter connected to each of the detectors 50, 62 and 63,

a read only memory (RDM) for the look-up table and a
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microprocessor programmed to carry out the normalization
calculations indicated previously. The sample and hold
circuits are controlled to provide a measurement window
corresponding to the light pulse duration which would

be between 60 and 200 microseconds and about 80 micro-
seconds for the preferred embodiment illustrated in
curve B in Fig. 2.

Alternatively, a hardwired digital logic system
or an analog computational syséem could be used.

In the foregoing description preferred -
embodiments have been described. it should be obvious,
however, that there are numerous fariatiohs within the
scope of this invention which is more particﬁlarly

defined in the appended claims.
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CLAIMS
1. In an arc flash system including

a pair of spaced tungsten electrodes located in a xenon

gaseous medium within a transparent enclosure,

a capacitor discharge circuit including a capacitor so
connected to said electrodes that, upon discharge,
energy flows to the electrodes to create an arc in said

Xenon gaseous medium, and

a trigger circuit for iomnizing said gaseous medium to

initiate an arc between said electrodes,
the improvement comprising:

an inductance in the discharge path between said
capacitor and said electrodes to reduce the peak current

value during discharge, and

a bypass diode connected across said capacitor so that
substantially all the energy in said capacitor is trans-

ferred to said electrodes,

the value of said inductance being selected to substan-
tially eliminate electrode sputtering and to provide
electrode regeneration through formation of metallic

nodules on the tips of said electrodes.

2. The arc flash system according to Claim 1 .
wherein said inductance has a value in the range of 1

to 10 microhenrys.
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ZERnaATION



PCT/US81/00678

WO 82/03913

10

15

20

25

30

35

3. The arc flash system according to claim 2

wherein said inductance is about 3 microhenrys.

4., The arc flash system according to Claim 1
wherein said inductance decreases the peak current to a
value in the range of 4,000 to 1,000 amperes.

5. The arc flash system according to Claim 4
wherein said inductance reduces the peak currenmt to a value

of about 2,000 amperes.

6. A color spectrophotometer comprising a xenon

flashtubey

a capacitor discharge circuit including a capacitor can-

nected to energize said flashtube upon an electrical dis-

charge;

means in the discharge path between said capacitor and

said flashtube to reduce the peak current;

a plurality of light measuring detectors each operative
to measure light from said flashtube at a different wave-

length after the light has been altered by a sample being

tested;

at least two reference detectors for measuring light from
said flashtube at two different wavelengths where the
light has not been altered by the sample being tested;

and

electronic signal processing means responsive to the signals
from said detectors and operative to modify the values
from said measuring detectors in accordance with the values

of both reference detectors to normalize for intensity
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variations and to correct for spectral shift.

7. A color spectrophotometer according to

Claim 6 wherein

the light values measured by said measuring detectors
are all divided by measured value from one of said
reference detectors to provide intensity normalization

and

wherein the light values measured'by said measuring
detectors are modified according to values in a look-up
table corresponding to the measured value of the other
of said reference detectors to correct for spectral

shift.

8. A color spectrophotometer according to

Claim 6 wherein said means is an inductance.

9. A color spectrophotometer according to

Claim 8 wherein said inductance has a value in the range

‘of 1 to 10 microhenrys.

10. A color spectrophotometer according to
Claim 9 wherein said inductance has a value of about 3

microhenrys.

11. A color spectrophotometer according to Claim
8 wherein said inductance decreases the peak current to

a value in the range of 4,000 to 1,000 amperes.

12. A color spectrophotometer according to
Claim 11 wherein said inductance reduces the peak current

to 2 value of about 2,000 amperes.

%
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13. A color spectrophotometer according to
Claim 8 further including a diode connected to bypass
said capacitor to permit substantially complete energy
transfer from said capacitor to said flashtube via said

inductance.

‘14. A color spectrophotometer according to
Claim 13 wherein the measuring window for said detectors
is in the range of 60 to 200 microseconds and corre-

sponds approximately to the duration of the light flash.

15. A color spectrophotometer éccording to
Claim 14 wherein said inductance reduces the peak current

to a value in the range of 4000 to 1000 amperes.

16. A color spectrophotometer according to
Claim 15 wherein said measuring window is about 80

microseconds.

17. A method for obtaining color spectrophoto-

metric measurements comprising

illuminating the sample being tested by means of a
xenon flashtube energized by a peak current no greater
than 4,000 amperes and a current pulse having a duration

in the range of 60 to 200 microseconds,

detecting the light after having been altered by the
sample to provide measured values at a plurality of

different wavelengths,
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detecting light from said flashtube which has not been
altered by the sample to provide reference values at

least two different wavelengths,

dividing said measured values by one of said reference

values to normalize for intensity variations, and

modifying said measured values according to look-up
values corresponding to the other of said reference

value.

18. The method according to Claim 17 wherein
said peak current is approximately 2,000 amperes and

the peak duration is about 80 microseconds.

19. The method according to Claim 16 wherein
said look-up values are derived from data taken on a
reference sample and are the average corrective values
for the intensity normalized measured values at the
detecting wavelengths correlated to the measured Qalue

of said other reference detector.
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