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A variety of fluorescent excitation light sources were compared using a
standard fluorescein solution or a bacterial conjugate with immunofluorescent
microscopy. Quantitative data were obtained with microscope photometric appa-
ratus. Both the quantitative data and comparative conjugate titering suggest
that the 450-W xenon arc excited significantly more fluorescence than did the
more commonly used 250-W mercury arc or the 100-W halogen lamp. The
conjugate could be diluted 4 to 32 times more using the 450-W xenon. Additional
advantages of 450-W xenon excitation include sufficient energy of wavelengths
between 470 to 490 mm, thus permitting narrow-band excitation resulting in
less autofluorescence and the ability to perform fluorescent-antibody procedures
without the darkening of ambient room light.

Recent advances (3) in immunofluorescence
technology have resulted in new methods that
have expanded the applications of this tech-
nique (5-7, 9, 17). One aspect has been develop-
ment of new filters and their use with incident-
light microscopes, permitting activation of a
fluorochrome at the surface of the specimen
with light of a wavelength close to the emission
peak (16). Thus, autofluorescence is consider-
ably reduced and maximum brightness of the
fluorescent image is obtained. Such develop-
ments have increased the value of careful selec-
tion of the light source for fluorescent-antibody
(FA) excitation.

Since the beginning of FA work, high-pres-
sure mercury arcs (HBO200) routinely have
been employed for excitation. Such mercury
arcs were used because their intense spectral-
line emission (see Fig. 1) in the ultraviolet re-
gion (300 to 420 nm) produced good fluorescence
with a contrasting black background (2-4, 13).
However, since fluorescein's greatest fluores-
cence occurs with excitation in the blue spec-
trum (460 to 500 nm), it is not surprising that
blue-light excitation procedures have attracted
considerable interest (4, 13, 14). Research in FA
filter technology has led to the development of
blue-light excitation filters relatively specific
for fluorescein (14, 16, 18). With these new fil-
ters, combined with a xenon light source (Fig.
1), stronger and more specific fluorescein excita-
tion is possible. The 450-W xenon light source
(XBO450) appears to be particularly attractive

1 Present address: Pathology Department, St. Vincent
Hospital, Toledo, Ohio 43608.

but has not been tested for immunofluorescence
microscopy.
Faulk and Hijmans (3) and Ploem (16) have

compared several light sources for FA use, but
they did not include the 450-W xenon source.
The purpose of the present study was to com-
pare the 450-W xenon source with five others
for fluorescein excitation (see Table 1). Photo-
metric measurements were done to assess fluo-
rescent intensity and fading. In addition, the
working titer of a fluorescein conjugate was
determined with selected light sources to see
which light source-filter combination allowed
the greatest dilution.

MATERIALS AND METHODS
Microscope. A Leitz Orthoplan microscope

equipped with a Leitz fluorescent incident Ploem
illuminator (14, 16) was used for all experiments. A
Leitz (model 500) mirror housing permitted rapid
comparison of light sources as it could accommodate
several lamp housings. The following objectives
(Leitz) were used: P1 Apo 40/0/74 (high-dry) and P1
Apo Oil 100/1.32 (oil-immersion).

Light sources. The high-pressure mercury arcs
HBO100 and HBO200, the high-pressure xenon arcs
XBO75, XBO150 and XBO450 (0sram), and the halo-
gen 12 V, 100-W halogen lamp (Philips) were evalu-
ated (Fig. 1 and Table 1). All light sources were
operated on stabilized current, with the exception of
the XBO150. Direct current power supplied were
used for the XBO75, HBO200, XBO450, and HBO100.
The power supply for the XBO450 (Electropower
model 255) was adjusted to 25 A. All light sources,
except the XBO450, were mounted on the upper back
aperture of the mirror housing. After centric and
focusing adjustments were completed, the collector
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FIG. 1. Comparison of the intensity and spectral distribution of various light sources suitable for fluores-
cent microscopy (10).

TABLE 1. Technical data on light sources suitable for fluorescent microscopy6

Light flux Mea lumii- Life expect- Approximate Lihstbly
W Type Lighteflux nous density ancy (h) coat Light stabilityType (lumens) ~~~~(stilbe)
450 XBO 450 13,000 35,000 2,000 0.11 Excellent
150 XBO 150 3,000 15,000 1,200 0.09 Excellent
75 XBO 75 1,000 40,000 400 0.40 Excellent

200 HBO 200 9,500 33,000 200 0.30 -50% decreases at
175 h (4)

100 HBO 100 2,200 170,000 200 0.34 Good (18)
100 Halogen 2,800 40 0.15 Good

a Adapted from data provided by the manufacturers (11). Cost of illumination per hour was estimated
using life expectancy data.

lens was trimmed slightly to give maximal readings
and uniform field illumination and to more fully
utilize the emission from arcs with either large or
small electrodes. All lamps were operated for 15 min
to reach stable emission prior to any data collected.
Only mercury arcs with less than 10 h of operation
were employed.

Filters. All lamp housings were equipped with 4-
mm, BG-38 red-absorbing filters and the following
heat-absorbing filters (as recommended by the man-
ufacturer): 2-mm KG-i for the HBO-100, HBO-200,
and the 100-W halogen lamps; Calflex B1IK2 for the
XBO-75, XBO-150, and XBO450. For excitation, a
KP500 filter consisting of two Leitz KP490 short-
wave pass interference filters (A, = 495, T.,, =
90%, and 0.1% T at 525 nm) was used. For the
narrow-band excitation, a X > 480-nm filter was
added to the KP500 filter. The incident illuminator
contained TK510 dichroic mirror and a K515 suppres-
sion filter. Additional suppression filters studied
were the K510, the K530, and the S525 fluorescein
selection filter (type AL; K.,., = 530 nm, T.,, = 68%;
and 1 half-width = 2.1 nm).

Photomultiplier attachment. A Leitz MPV micro-
scope photometer, an EMI photomultiplier tube
with S11 cathode, a Knott type NSHM power sup-
ply, a Kipp AL3 galvanometer (with appropriate
resistance), and a Beckman type RB Dynograph pen
recorder were employed. The power supply and me-
ter were permitted 15 min to reach operating stabil-
ity. Full scale on both the galvanometer and the
recorder pen was equal to 10-2 mV.

Standard fluorescein solution. The fluorescein
solution was prepared from fluorescein diacetate ac-
cording to the method of McKinney et al. (12). Early
observations revealed that in the 1- to 2-ILM concen-
tration range (molecular weight, 416), the observed
fluorescence was proportional to the concentration.
Factors held constant included room temperature
and concentration and pH of the fluorescein diace-
tate solution. Appropriate background readings
were obtained with a control solution and were sub-
tracted from the fluorescence results. The fluores-
cein diacetate stock solution was stored in the dark
at 4 C in a polyethylene bottle between experi-
ments.
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FIG. 2. Microscope slide with perfusion chamber. The upper surface ofthe chamber consists ofa coverglass
attached to the slide to provide a hermetical seal. Adapted from Koch (10-11).

Microscope slide with perfusion chamber. To
collect data on the relative fluorescence with each
combination of filter and light source, a perfusion
chamber on a slide was constructed to eliminate the
fading which normally occurs during FA quantita-
tion. This slide was constructed of plastic with a
cylindrical chamber (see Fig. 2). The top ofthe cham-
ber was formed by attaching a 22.5-mm2 cover glass
(0.17mm thick) securely to the chamber with nonflu-
orescent adhesive. Fluorescein or control solution
was pumped (3 ml/min) to the chamber from a reser-
voir not exposed to light and held at 22 C (+0.7 C).
The chamber allowed multiple measurements with-
out fading, as well as the changing of light sources,
fluorochromes, or filter combinations without the
difficulties of using individual wells.

Microscope slide with 3-mm wells. Fluorescent
measurements also were obtained with 1 ,uM fluores-
cein diacetate solution placed in the wells of a slide
constructed according to Jongsma et al. (8). Loaded
wells were carefully covered with separate cover
glasses. Focusing was accomplished by initially clos-
ing the field diaphragm in the incident illuminator
to permit sharp focusing of the visible diaphragm.
The intensity of the fluorescence was recorded for
90-s periods while the two lights being compared
were alternately selected. The emission of individ-
ual lights thus remained stable, whereas the speci-
men excitation was interrupted only for a fraction of
a second during the switching of the mirror. Each
light source was compared with the xenon 450-W
arc.

Conjugate titering. The working titer of an FA
conjugate was determined using the 450-W xenon
arc and the 200-W mercury and 100-W halogen lamp
for excitation. This was done in a room with moder-
ate illumination.

RESULTS
Examination of the emission spectral curves

and technical properties oflight sources compat-
ible with fluorescent microscopes (see Fig. 1
and Table 1) revealed that at least six lights
warranted evaluation. These lamps included
the 100-W halogen, the 75-, 150-, and 450-W
xenon arcs, and the 100- and 200-W mercury
arcs. Examination of Fig. 1 disclosed that, in
the region of maximal fluorescein absorption
(460 to 500 nm), the 450-W xenon's intense con-
tinuous emission was unsurpassed.
To choose the best suppression filter to be

used in the experiments, the K510, K530, and
S525 filters were evaluated with the 450-W xe-
non source (Fig. 3) using fluorescein diacetate
solution in the 3-mm well slide. The initial
unadjusted intensity, including background
light, was about equal for the three suppression
filters examined. Unexpectedly, the intensity
decreased very little during the 90-s observa-
tion period with the K510 filter, in contrast to
either the K530 or S525 filter. This can be ex-
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FIG. 3. Effect ofsuppression filters on fluorescent intensity and fading. Measurements were obtained with
a40 x objective.

plained by the fact that the K510 filter trans-
mits a large quantity of unwanted excitation
light. The results after adjustment for back-
ground light (Fig. 3) reveal that the rate of
fading with the K530 filter was only slightly
different than that of the S525 filter. Since the
transmission characteristics of the S525 filter
was more compatible with the fluorescence spec-

trum of fluorescein, this filter was selected for
all remaining experiments.

Magnification of objective. Most FA micros-
copy is performed using lOOx oil immersion
objectives (1). In the present study, there was

considerably more variation with this objective
than with the 40 x objective measurements (Ta-
ble 2). Consequently, the 40x objective was

used for most of the remaining experiments
with the 3-mm wells. Figure 4 shows that rela-
tive intensity and the rate of fading observed
with 3-mm wells using either the lOOx or 40x
objectives with the XBO450 lamp. Although the
initial intensity was of almost equal magni-
tude, the fluorescence with the lOOx objective
faded more rapidly but was greater after 90 s.

Comparison of light sources. (i) Perfusion
chamber. In contrast to the results observed
with the 3-mm wells, measurements with the
perfusion chamber were stable and reproduci-
ble with either the 10 X or 40x objectives (see
Table 3).

(ii) Wells (3 mm). In Fig. 5 the fluorescence
observed with the 450-W xenon source is com-

pared with the three most commonly used light
sources. The initial fluorescence observed with
the 100-W halogen lamp was only 1/20 of that
with the 450-W xenon. Even after fading,
450-W xenon produced 10 times greater fluores-
cence than the halogen lamp. This difference
was observed whether or not the xenon pre-
ceded or followed the halogen light for alternat-
ing periods of 5 s each (Fig. 5, dotted line). The
results from alternating the 200-W mercury
and the 450-W xenon sources are also depicted.

TABLE 2. Effect of the excitation light source and
microscope magnification on the relative fluorescent

intensity and variation from 0.1 pM fluorescein
diacetate solution in 3-mm wells on a microscope

slidea

Relative intensity

Light 40Xb

source Coeffi- Coeffi-

n Mean cient of n Mean cient of
variation variation

XBO 450 20 4.4 0.6 10 3.6 1.8

XBO 150 20 3.1 2.1 1.7

XBO 75 20 4.5 0.9 3.3

HBO 200 20 1.5 1.1 6 1.2 7.9

HBO 100 20 4.7 0.3 3.9

Halogen, 9 0.18 0.7 0.04
100 W

' The measurements were obtained with a S525 suppres-
sion filter and were adjusted for background illumination.
Coefficient of variation was not calculated for light sources
where only duplicate readings were recorded.

' Magnification.

The 450-W xenon excited considerable more flu-
orescence. Even at the end of the observation
period, when fading was maximal, the 450-W
xenon produced more than three times the fluo-
rescence of the 200-W mercury arc. The fluores-
cence produced by the 150-W xenon arc and the
200-W mercury were found to be quite similar
(Fig. 5). The major difference was the variation
observed with the alternating current-operated
150-W xenon. The effects of the 60-cycle current
and line voltage transients are visible in Fig. 5.
The initial intensity ofthe 150-W xenon fluores-
cence was 75% of that produced by the 450-W
xenon.

In Fig. 6 the 450-W xenon is compared with
either the 100-W mercury or the 75-W xenon.

z

z
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FIG. 4. Effect of objective magnification on fluorescent intensity and fading.

TABLE 3. Effect of the excitation light source,
microscope magnification, and excitation band width
on the relative fluorescent intensities obtained with
0.1 pM fluorescein diacetate solution circulated

through a microscope perfusion chamber

Relative intensity

40xa 10Oxa

Light Narow Narrow
source Wide band Wide band

band band band band

(K50(KP500, (KP5 00,(KP5 00

B8) BG38) BG8' BG38)(G)b5 (X >480) BG38) (X >480)

XBO 450 4.7 3.3 4.4 2.4

XBO 150 3.5 0.9 2.7 0.8

XBO 75 4.6 1.9 4.2 2.3

HBO 200 3.2 0.6 2.2 0.6

HBO 100 4.8 1.5 4.7 2.3

Halogen, 0.21 0.08 0.04 0.01
100 W

a Magnification.

The brilliant arcs of the 100-W mercury and the
75-W xenon resulted in initial fluorescence
slightly greater than that of the 45-W xenon.

However, considerably more fading occurred
during the first 30 s with these arcs than with
the xenon 450-W. Similar results were obtained
when the 100-W mercury and 450-W xenon

were compared using a 100x oil objective (see
Fig. 7). Again the 100-W mercury initial fluores-
cence was slightly greater. After switching to
the 450-W xenon, we consistently observed an

intensity surge which was not seen when excita-
tion was changed from the 450-W xenon to the
100-W mercury.
Narrow-band excitation. The fluorescent in-

tensities produced by narrow-band and wide-
band excitation are presented in Table 3. Since
these measurements were obtained using the
perfusion chamber, fading was not a significant
factor. The 450-W xenon produced approxi-
mately twice the fluorescence of the 100-W mer-

cury and the 75-W xenon sources with narrow-

band excitation and a 40 x objective. It also
produced four to five times as much fluores-
cence as either the 150-W xenon or the 200-W
mercury, and 40 times as much fluorescence as
the 100-W halogen. It might be expected from
the spectral distribution (Table 1) that the addi-
tional filtering to produce narrow-band excita-
tion reduced fluorescence less with the xenon
arcs than with other lights. This was observed
except for the 150-W xenon fluorescence, which
had a reduction in fluorescence similar in mag-
nitude to that observed with mercury lamp nar-
row-band excitation. Another observation was
that the change to narrow-band excitation at
100 x magnification reduced fluorescence consid-
erably more than did the change to narrow-
band at 40 x. It seems unlikely that this could
be attributed to unwanted excitation light,
since both a S525 filter and a K515 filter (built-
in barrier filter) were employed in these meas-
urements. The expected exceptions to this oc-
curred with the 2-min arcs, the 100-W mercury
and the 75-W xenon.
To further assess narrow-band excitation,

and in particular any effect on fading, fluores-
cence was recorded from 3-mm wells. These
measurements were made at 40x, because the
absence of two matched narrow-band filters (X
> 480) prevented light sources from being alter-
nated with the same wells, thus requiring se-
quential measurements with different wells. It
was determined that 40x measurements from
different wells were reproducible and that the
greater variation with 100 x measurements
might invalidate interwell comparison. The re-
sults comparing the fluorescence for both 200-W
mercury and 450-W xenon narrow-band excita-
tion are presented in Fig. 8. The 450-W xenon
gave considerably more fluorescence than the
200-W mercury and after 40 s of fading, re-
mained twice as intense as the 200-W mercury.
Of interest was the finding that background
illumination amounted to only 10.1% of total
illumination observed with narrow-band excita-
tion, whereas it was 21.8% with wide-band exci-
tation.

Conjugate titering. The results of compara-
tive titering with the XBO450, HBO200, and the
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100-W halogen lights are presented in Table 4.
The conjugate used was Streptococcus mutans,
serotype d specific conjugate. The 450-W xenon
permitted a fourfold greater working dilution
than the 200-W mercury light by both investiga-
tors. Titers were lower with the 100-W halogen
than with either the 200-W mercury or the 450-
W xenon. Excitation with a halogen lamp
would require this conjugate to be 32 times
more concentrated than with XBO450. In com-
paring the halogen lamp with the 200-W mer-
cury, it was found that halogen illumination
required that the conjugate be eight times
stronger than that required with the 200-W
mercury.

DISCUSSION
The utility of a light source in FA incident

microscopy is determined by the interaction of
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many factors (10, 11). The combined effect of
excitation intensity, spectral distribution, angu-
lar aperature of the illuminating beam, nature
of the fluorochrome being excited, and filter
and dichroic mirror characteristics, as well as
the entrance pupil size of the microscope objec-
tive, all determine the fluorescence observed (3,
4, 8, 9, 16). It has been suggested that intense,
narrow-band excitation light specific for given
fluorochromes would give optimal excitation.
An important finding was that the 450-W

xenon had sufficient energy with narrow-band
filtration to produce at least two times as much
fluorescence at 40 x and at 100 x than the other
light sources studied. Although the rate of fluo-
rescein fading with 450-W excitation did not
appear to be reduced with narrow-band filters
(Fig. 8), certain biological specimens showed
considerable reduction in fading with narrow-
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FIG. 5. Effect ofthe excitation light source on fluorescent intensity and fading is represented by solid lines.
The results obtained when the lamp order is reversed (XBO 450 first) during the initial 20 s are superimposed
as dotted lines.
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FIG. 6. Effect ofthe excitation light source on fluorescent intensity and fading is represented by solid lines.
The results obtained when the lamp order is reversed (XBO 450 first) during the initial 20 s are superimposed
as dotted lines.
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band excitation. Thus, it appears that narrow-
band excitation offers sufficient advantage to
justify the slight decrease in intensity with the
450-W xenon. However, the reduction in inten-
sity with the commonly used HBO200 mercury
arc suggest that this source is less suitable. The
100-W mercury was an exception and per-
formed very well as a narrow-band excitation
source at 100x. It should be remembered that
the small configuration of the 100-W mercury
precludes its use in transmitted FA excitation.

Direct conjugate titering in the present study
(see Table 4) supported the premise recently
stated by Faulk and Hijmans (3) that "the use
of high-intensity light sources will also be of
value if the present trend to use more dilute
conjugates continues." The present data sup-
port this concept.
The fourfold or greater conjugate dilution per-

mitted with the 450-W xenon, as opposed to
that permitted with the 200-W mercury or the
100-W halogen, was significant. In estimating
any potential cost benefit with 450-W xenon
excitation, the principal consideration should
be what work load would offset the additional
cost. Since only a research-grade microscope
will accommodate all of the light sources evalu-
ated, and since frequently such a microscope of
this quality is required for certain diagnostic
procedures, then the extra expense for the 450-
W xenon light source will involve the lamp,
lamp housing, and the power supply. Although
formidable (about $4,000), the combined benefit
of lower lamp cost per hour and additional con-
jugate dilution (averaging from four- to 32-fold)

HBO 100 and XBO 450
(adjusted)

E HBO 100

> F 40

z 20

0 51015 20 25 30 35 40 45
TIME, seconds

FIG. 7. Comparison of the fluorescent intensity
and fading produced by the HBO 100 and XBO 450
arcs. The objective magnification is 100 x.

for the 450-W xenon over the popular light
sources could equal the additional equipment
outlay over time.
Fading of fluorescence has been a major prob-

lem in quantitating fluorescence and is of con-
cern in most FA work (16). In fluorescein-
stained specimens, the rate of fading has been
reported to be inversely related to the concentra-
tion of the fluorochromes and directly related to
the exposure time and excitation intensity (4).
Therefore, one would prefer to use conjugates
with a high ratio of fluorescein to protein and
short exposures with moderate excitation. This
has encouraged the use of the 200-W mercury
arc and, more recently, the 100-and 150-W halo-
gen lamps.
Jongsma et al. (8) have observed that fluores-

cein-stained cells faded faster than did 50 FLM
fluorescein solution under similar conditions.
Ploem (16) observed that the fluorescence of
fluorescein-stained leukocytes decreased 50%
during the first 0.33 s ofexcitation. Both investi-
gators were using stained cells, which suggests
that the fluorochrome concentration would be

TABLE 4. Effect of the excitation light source on the
titer ofan FA conjugate as determined by two

investigators0

Investigator I Investigator U

Titers 100-W HBO XBO 100-W HBO XBO
hal- 200 450 hal- 200 450
ogen ogen

1:128 3+ 4+ 4+ 3+ 4+ 4+

1:256 2-3+ 4+ 4+ 2+ 4+ 4+

1:512 1-2+ 4+ 4+ 1+ 4+ 4+

1:1,024 1+ 3+ 4+ 1+ 3+ 4+

1:2,084 1+ 2-3+ 4+ + 3+ 4+

1:4,096 ± 1+ 3+ - 2+ 3+

1:8,192 ± 1+ 2-3+ - 2+ 3+

"The conjugate is against S. mutans strain SL-1 (sero-
type d) and is labeled with fluorescein isothiocyanate
to give a fluorescein to protein ratio of 18. FA criteria
are as described by Cherry (2; personal communication).

XBO 450 and HBO 200 (X>480)

> i 40 Be XBO 450
p 20 HBO 200f Z0 20 30

cc- 0 lb 20 30 40 50 60 70 80
TIME, seconds

FIa. 8. Comparison ofthe fluorescent intensity and fading produced with narrow-band (X = 480 to 500 nm)
blue excitation. The objective magnification is 10( x.
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low and result in rapid fading. Ploem (16) used
a digital voltmeter and storage oscilloscope to
record the transient initial fluorescent inten-
sity. The pen recorder used in the present study
was filtered to such an extent that transient
signals of extremely short duration could not be
recorded accurately. But, since in most routine
FA microscopy one needs several seconds to
identify or enumerate objects, initial fluores-
cence transients are principally of interest in
microfluorometry.

In the present study the effect of intensity on
the rate of fading was evaluated in two ways.
The 3-mm well data presented in Fig. 3-8 collec-
tively suggest that fluorescein at a concentra-
tion of 1.0 AM fades quite rapidly during the
first 3 s when observed at lOOx and relatively
slowly at 40X during the initial 5 to 10 s. Per-
haps the most important finding was that, in
spite of the fading produced by the intense
XB0450 excitation, substitution of less intense
excitation consistently resulted in lower fluores-
cence. Likewise, when the excitation was in-
stantly increased by substituting the intense
XB0450 arc, the fluorescence was generally ob-
served to jump, regardless of whether the speci-
men had only begun to fade or had already
faded to a lower level. This suggests that in-
tense excitation in routine FA microscopy is
beneficial.
The selection of appropriate suppression fil-

ters becomes particularly important when a
high-transmission excitation filter transmits
wavelengths close to the emission peak of the
fluorochrome. In the present study, the differ-
ence observed between the K510 filter and the
S525 filter was considerable. Analysis of the
background illumination with a calibrated in-
terference wedge (Tma., = 30 to 35%; half-width
= 10 to 11 nm) suggested that background light
occurring with the K510 was primarily of the
wavelength 480 to 510 nm, with a detectable
amount in the red region. A practical solution
to reduce the red background light would be to
use a total of 8 mm of BG38 filtering. Although
background illumination can be helpful for vis-
ual orientation, the K510 allowed too much
background for microfluorometry and other de-
manding applications.

Readings obtained with the perfusion cham-
ber slide were highly reproducible with either
100 or 40x objectives (see Table 2). Although a
large interwell variation occurred in measure-
ments from the 3-mm wells, particularly with
the lOx oil objective, each experiment pre-
sented in Fig. 5-8 involved individually only
one well; hence, the differences in fluorescence
observed as light sources were alternated

should be representative of actual differences.
Since the cover glass on 3-mm wells was not
attached with cement, lofting of the cover glass
during focusing might have affected readings.
Because the 40x measurements were more re-
producible than similar lOOx readings, it was
suspected that the major component to this vari-
ation related to manipulative difficulties associ-
ated with the use of oil. The decision to use 40x
measurements for most fading data from the 3-
mm wells was made with full awareness that
noticeable reflections would occur from the
cover glass and that minute arc lamps (XB075
and HBO100) have advantages with lO0x objec-
tives (14, 16).
Goldman has reported that "when direct cur-

rent is used the emission of the xenon lamp is
concentrated in a relatively small spot at the
cathode" (4). In contrast, alternating current
produces a shift of the emission between the
electrodes as each becomes the cathode. Thus,
direct current gives a smaller emission configu-
ration. An interesting finding was that the
small electrode in the HBO100 was the cathode
and the large electrode in the XB075 was the
cathode. Hence, it appears that reversing the
polarity of the 75-W xenon might give a smaller
configuration and hence a more brilliant arc.
To our knowledge there has been no previous

report quantitatively comparing the utility of
the 450-W xenon with conventional light
sources for FA excitation. Although the present
study was principally exploratory, sufficient
data were obtained to suggest specific advan-
tages and applications in FA work for the
XB0450 or other intense excitation sources.
The results described above clearly support the
premise that the 450-W xenon is capable of
intense fluorescein fluorescence, permitting (i)
additional conjugate dilution, (ii) satisfactory
narrow-band excitation, and (iii) diagnostic
work to be performed in environments with
normal ambient illumination.
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