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ABSTRACT. The Whole Earth Telescope (WET) is a global network of collaborating astronomers
designed to obtain very long light curves, uninterrupted by daylight, of variable white-dwarf stars for
asteroseismological analysis. Uniformity of instrumentation is a vital requirement for the success of the
network. We report here on the instrument adopted as the standard WET photometer. In particular, we
describe a recent addition to the design which allows older two-channel instruments to be converted to
three-channel instruments, allowing continuous measurement of the sky background. This new component
is a bolt-on upgrade to the existing two-channel photometers used by the WET and many others around the
world. We will make the complete design (including acquisition and reduction software) available to

interested parties upon request.

1. INTRODUCTION

In the beginning of the modern era of time-series photom-
etry, there was the one-channel photometer adopted un-
changed from the traditional UBV photometrists: a single
phototube continuously measuring the brightness of a single
star. Unfortunately, the single detector made it difficult, or
impossible, to distinguish true variability from such local
effects as clouds. Thus, the two-channel photometer was de-
veloped (Nather 1973; Grauer and Bond 1981) to measure
two stars simultaneously. If the second star was chosen to be
a nonvariable, then any variability that showed up in both
channels was an artifact and not intrinsic to the observed
stars.

Initially, these two-channel devices were adopted for the
Whole Earth Telescope (WET) for its observations of vari-
able white dwarfs. The WET (Nather et al. 1990) was devel-
oped to obtain continuous temporal photoelectric observa-
tions of rapidly varying stars. The primary interest of the
WET has been in the rich study of the variable white-dwarf
stars whose pulsations reveal information about their internal
structure and composition, magnetic field, age, distance, and
mass. The pulsating white dwarfs consist of three subclasses
which undergo nonradial pulsations in confined regions of
the white-dwarf cooling track. The stars often pulsate in a
hundred or more modes simultaneously and have periods on
the order of 2—-20 minutes (see for example Winget et al.
1991, 1994). The challenge to asteroseismology is to identify
all the periodicities present in the star and distinguish them
from the inevitable noise of measurement.

Some time after the WET became operational in 1988, it
became clear that two channels were not enough. Sky-
brightness measurements required that the light curves be
interrupted and the telescope offset to a position where sky
appeared on both apertures, so its brightness could be sub-
tracted later in the data-reduction process. Sky brightness
was sampled for about a minute or so, whenever the observer
judged it was needed, but rarely more often than once every
thirty minutes. We learned that the sky brightness can some-

times change significantly during such an interval, so accu-
rate subtraction was not possible. Our measured pulsation-
mode amplitudes, therefore, were inaccurate.

Having accurate amplitudes is particularly important in
understanding the modes which change their frequencies and
power on short time scales. We need to know if the ampli-
tude changes seen are real, or simply consistent with instru-
mental noise. We therefore realized the need for a three-
channel photometer to monitor not only the target and
comparison stars, but the sky as well. Other groups had in-
dependently come to the same conclusion; see for example
Vauclair et al. (1989).

We decided to design a new miniature photometer that
would easily work with the existing two-channel photom-
eters, upgrading them to include a third channel with as little
modification to the base instrument as possible. We report
here on the design of just such an instrument; we call it the
dual-beam miniphot. The new instrument has been used in
four WET runs and many supplementary observations as
well. There are still a few areas we feel could be improved,
but as is, it is certainly capable of recording scientifically
valuable data and has already demonstrably done so. The
planned improvements are mainly conveniences and do not
significantly affect the quality of the data.

While the primary motivation for the instrument was to
obtain more accurate measurements of pulsation amplitudes,
observing with three channels has other advantages, many of
which we had not anticipated. We have often been able to
take useful data with three channels when we would have
otherwise been forced to close the dome and yield the night
to the spectroscopists. In particular, we gain nearly an hour
and a half extra observing time each night by starting before,
and continuing after, astronomical twilights. We can extend
our monthly observing to include grey and bright time be-
cause the sky channel allows an accurate subtraction of vary-
ing levels of moonlight. The WET allowed us to remove the
single-day gap that used to occur in our measurements due to
the inevitable rising of the Sun; the sky channel allows us to
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remove the periodic one-month gap that comes from avoid-
ing the moon.

Because of our increased ability to measure and subtract
the sky brightness, we can observe dimmer stars (where sky
typically dominates the signal) on smaller telescopes than
were previously useful. This capability is crucial in extend-
ing the WET’s eyes to dimmer objects—it is very difficult to
get two weeks of overlapping time on many large telescopes
around the globe. We have been able to take good data dur-
ing a variety of adverse weather conditions such as intense
Northern Lights (they do occasionally make it to Texas) and
active lightning storms on the horizon. The proven ability of
the instrument to measure variable sky brightness also makes
it ideal for extracting photometric data from small telescopes
located near cities with less than ideal observing conditions.

2. THE DESIGN

The photometer we now call the ‘““WET Standard”’
evolved slowly over many years. This was because the initial
instrument worked, and until the desired science demanded
an instrumental improvement, observers lived with its few
inconveniences. The addition of the second channel to mea-
sure a comparison star was just such a demand; so, too is the
recent addition of the third sky-measuring channel described
here.

2.1 The Design History

The WET photometer evolved from those developed by
Harold Johnson for the UBV photometry system (Johnson
1962). The electronics Johnson described are now out of
date, but his offset guiding photometer lives on as the basis
of the standard WET instrument. The original design had a
single phototube for one-channel operation and an offset
guider for visual guiding on a nearby star, so infrared targets
could be measured that were not visible as optical images.
The offset guider was fed by light coming off a large 45°
mirror in the guider box. The mirror had a central hole in it,
allowing the on-axis light to travel to the phototube below,
while the peripheral field was sent to the guiding eyepiece.
The guiding eyepiece itself was mounted on an XY stage
with facilities for both large, quick movements and more
careful, precise motion. An experienced observer could set
the XY positions with a 100-micron precision.

Under the traditional cyclical mode of observing (com-
parison star 1, sky, target, sky, comparison star 2, sky, target,
sky, comparison star 1,...) the standard filter photometrist
could usually determine if the night was photometric while
later reducing the data. Since the study of rapid variable stars
requires the observer to remain on the target star without
interruption as much of the night as possible, this method of
quality control could not be applied to the data obtained,
since no comparison star is measured.

A second (miniature) photometer (referred to as a
miniphot) was therefore added to the offset guiding eyepiece.
An additional mirror, hinged on one edge, was placed be-
tween the large 45° mirror and the eyepiece so that it could
be flipped in and out of the light beam, intercepting (when
flipped in) the light headed to the guiding eyepiece and di-

WET STANDARD PHOTOMETER 357

THE WET PHOTOMETER

Finding Corggarnson
Field Aperture
Filter Wheel

Stepping Motor

Channel 2
PMT Detector

Sky Aperture
Channels 1 and 3 Filter Wheel
PMT Detectors Stepping Motor

Fic. 1—The WET photometer mounted on the McDonald 36-in. telescope
and the view from each eyepiece.

recting it to the new miniature photometer. The comparison
star measurements are made in between guiding corrections.

2.2 Criteria for the Design

The criteria for a WET instrument are different from
those for a standard single-site instrument. At observatories
where we do not have collaborators with suitable instru-
ments, an observer and instrument must be sent to make the
observations. The photometer is carried as checked baggage
and must therefore be relatively light, yet still able to survive
the abuse of aggressive baggage handlers. Because we want
to equip the entire network with identical instruments, it
must also be fairly simple to manufacture and as inexpensive
as possible. It could potentially be used on a variety of tele-
scopes, so it must be able to handle a wide range of focal
ratios. To avoid a complete redesign, it must be easily inte-
grated into the current two-channel photometers, requiring
no modification to the base instrument. The list is a tough
one: the instrument needs to be light, rugged, easy to make
and operate, flexible and low-cost.

The scientific requirements of the instrument are equally
demanding. It must have a motor-controlled filter wheel with
at least four available filters to allow for multicolor work.
We require a complete set of apertures to accommodate a
large variety of seeing conditions and telescope plate scales.
So that the chosen patch of sky is not contaminated by
nearby stars, there must be an acceptable way of changing
the location at which we measure sky. We must also meet
the standard photometer requirements that it have illumi-
nated apertures and optics with which to view them, a set of
Fabry lenses to provide uniform measurements despite small
image drift (Michlovic, 1972, gives a simple discussion on
this crucial photometer element), and a dark slide to protect
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FIG. 2—A layout diagram of the new dual-beam miniphot.

the tubes from light. All mating surfaces must be stepped to
provide a labyrinth that ensures no light leaks.

There are additional requirements that we consider so ba-
sic that they are usually left unsaid, assumed understood. We
have, however, recently seen photometers which violate
these fundamental requirements, so we feel the need to re-
state them here. The lightpath from the telescope to the
target-star phototube must have nothing in its way other than
the Fabry lens. Additional optics are sometimes inserted in
the lightpath to make the design more compact, but at the
expense of losing light from the target star. Optics must also
be able to transmit/reflect UV light, especially for observa-
tions of the white-dwarf stars.

The apertures we use also function as a knife-edge for
focussing. By removing the eyepiece, and moving the star
across the sharp edge of a large aperture, a precise focus can

be obtained at the start of each run. If you cannot see the
apertures, or they do not have sharp edges, then you lose the
ability to accurately focus the telescope to the instrument.

2.3 The Dual-Beam Miniphot: Overall Design

Figure 1 is a photograph of the Texas two-channel guider
box with the dual-beam miniphot attached at the bottom.
Figure 2 is a schematic of the major components of the new
instrument only. The guider box described in the previous
sections and secn in Fig. 1 is widely available to most WET
collaborators and many others. The miniphot is shown on the
offset guider in Fig. 1 and is used for comparison star (ch2)
measurements.

The dual-beam miniphot has two sets of apertures and
filters, two Fabry lenses, and two phototubes all housed in a
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single unit. (We use the Hamamatsu R647, a tube with a
bi-alkali photocathode that requires no cooling at dome tem-
peratures.) Since the sky aperture is fixed relative to the
target-star aperture, it could be contaminated by a random
field star. In all but a few percent of these cases, we can
simply swap the star and sky positions. In this way, there are
two spots to find an uncontaminated area of sky and a prob-
lem only arises when both positions contain an unwanted
star. We therefore added a rotating, detented mount, allowing
360° of rotation and thus, the ability to select a patch of sky
anywhere within a fixed radius of the target star. The detents
allow the position to be accurately reproduced for later ob-
servations of the same object, but do not preclude selecting a
spot in between detents. We rarely need this feature in prac-
tice, but it is available when we do.

The constraining factor in the design was the size of the
available unvignetted field from the guider box (Sec. 2.4
explains this constraint). Because this field is so small, and
we want to be able to run on a variety of f ratios (we had
aimed for f8 as our fastest), we could not space the apertures
far enough apart to center them over the phototubes. We
therefore centered the Fabry lenses over the phototubes and
use them to translate the light beam to the phototubes from
the apertures (see Fig. 4 to see the schematic lightpath
through the system).

Fabry lenses are traditionally centered between the aper-
ture and the phototube. While this arrangement provides a
uniformly sized beam, no losses are incurred by changing
this placement (except when sending nonparallel light
through interference filters, which we do not do here). The
space constraints in the system did not quite allow centering
the Fabry lens, but the slight offset from center introduces no
discernible problems.

Fabry lenses are usually fixed in place so no movement is
possible. Due to the same constraints described above, there
was simply not enough room in this design to permit this
luxury. Instead, the Fabry lenses are in an assembly with the
viewing optics pickoff mirror, sliding into place on a heavily
detented shaft when data are being taken, and sliding out
when the pickoff mirror is in place to view the apertures.
With a carefully constructed, loaded detent, the Fabry lenses’
position is precisely reproducible.

Besides the rotating base and offset optical axes, this de-
sign has several unique features. Aperture illumination has
proverbially been a problem in most photometers. Achieving
bright, uniform illumination is difficult, at best, with one
aperture, but all that much harder with two. What we would
like to see through the eyepiece is a cleanly illuminated ap-
erture edge with no light coming from within the aperture
itself. To aid in focusing on the aperture, some observers
prefer to have the walls of the aperture illuminated as well,
providing an out-of-focus ‘‘tunnel’’ culminating in the sharp
edge of the aperture. The original two-channel photometer
apertures were illuminated by a circle of four LEDs placed
around an opening above the apertures which provided ad-
equate, but uneven lighting, with four ‘‘hot spots’’ around
the apertures. The miniphot uses an LED-fed fiber-optic
cable, carefully scored and wrapped around an aperture to
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FiG. 3—The new aperture-illuminator design.

improve the clarity of the illumination, at the expense of
much time and finesse needed to make it.

We decided to take a different approach that is much sim-
pler to produce and equally effective. Figure 3 is a drawing
of the resulting illumination design. We took a piece of clear
plastic and machined an oval with the same end-radii as the
biggest aperture pair we use, added to it a 45° bevel, and
attached light-emitting diodes (LEDs) to each side with Ep-
oxy cement. We leave the 45° bevel of the oval alone, but
cover the rest of the illuminator (and LED) with white paint
to provide some internal reflection, then apply a coat of black
paint so light will only escape from the unpainted surface of
the oval. The assembly is mounted above the apertures, aim-
ing down. The brightness is controlled through a potentiom-
eter on the electronics box mounted on the left of the instru-
ment (see Fig. 1).

Without the white paint, the illumination was very un-
even, being brighter closest to the LEDs. Without the black
paint, stray light was escaping from all over the illuminator
and scattering within the aperture housing of the instrument.
The two coats in tandem are both necessary and sufficient.!

Where light can get out, it can also get in. Initially, there
was a light leak into the system through the viewing eye-
piece. We added a dark slide which blocks the opening in the
eyepiece tube while the Fabry lenses are in place and solved
the problem quite effectively (see Fig. 2).

Where possible, the components of the dual-beam
miniphot were designed to be easy (and therefore inexpen-
sive) to build. The aperture illuminator is a successful ex-
ample of this effort; the rotating mount is not. Even so, the
McDonald machinists have estimated it actually costs less to
machine the dual-beam unit than it does the single-beam
miniphot.

10n a recent copy made from our drawings, a machinist ‘‘improved’’ the
design: since it was clear plastic painted black (mostly) he just used plain
black plastic. It didn’t illuminate anything.
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2.4 Design Limitations

As stated earlier, the biggest constraint in the instrument
design was trying to fit two independent lightbeams into the
unvignetted field made available by the existing guider
boxes. It is the size of this field which dictated the separation
of the apertures (8 mm center to center) and the resulting
length-scale of the instrument, requiring the Fabry lenses to
be slightly off-axis (see Fig. 4), and limiting the workable f
ratios. The observer can use the largest apertures (4 mm) at
ratios up to f/10.1, but is limited to smaller apertures at
faster F ratios. At f/9 all but the largest aperture are usable.
The instrument is not usable on telescopes much faster than
f19.

It would be possible to avoid both the need to bend the
lightpath and the limitations at fast f ratios by increasing the
unvignetted field size from the guider box. The limiting ele-
ment determining the field size is the 1-1/4-in central hole of
the large 45° mirror in the guider box. Were we to relax our
criteria and allow modifications to the existing equipment,
we could slightly enlarge this hole and increase our available
field at the expense of comparison star search area, although
the loss here would be unimportant. With such a modifica-
tion, the apertures in the dual-beam miniphot could be fur-
ther separated, keeping the entire lightpath in the instrument
on-axis and allowing enough room to operate at smaller f
ratios. This is a possible modification for the next generation
instrument, although an increased aperture separation is not
without problems of its own—such as fitting both apertures
comfortably into the field of view of the aperture eyepiece
with enough magnification to make centering a star in the
smallest apertures possible.

One last piece that could be redesigned in a future version
of the instrument is the rotating mount. Its combination of
round and square features make machining it very difficult,
which while not ideal, would be acceptable were its perfor-
mance completely satisfactory. It is not. The current detents
are not strong enough to be easily felt and the mount itself is
prone to flexure if a force (like an abnormally tight cable)
pulls on it. It is capable of rotation, and under normal con-
ditions does not flex, but its overall performance does not
match the difficulty of machining it. A likely alternative will
be a simpler system based on a circular bearing and a stron-
ger detent.

2.5 Electronics and Software

Most photomultiplier applications, with astronomy the oc-
casional exception, have plenty of light; so much, in fact that
counting individual photons is usually not an option. The
current from the phototube provides the measured signal. In
other cases, such as the detection of laser pulses or gamma-
ray spectroscopy by scintillation counting, the photons arrive
in simultaneous bunches, and the number in each bunch must
be preserved as the height of the output pulse. In our case the
photons arrive one at a time, so the height of the output pulse
carries no information we want to preserve; it merely reflects
the wildly differing amounts by which the initial, single pho-
toelectrons are amplified. If it is preserved we have added
unwanted noise to our measurement.

For single-photon counting, the output pulses from the
phototube are fed to a wide-band pulse amplifier/
discriminator, located nearby and shielded carefully against
electronic pickup. Its job is to make the millivolt-sized
pulses from the phototube into larger ones, and then unitize
them so they all have the same height and width. This last
point is very important. If the full spectrum of pulse ampli-
tudes is fed, unchanged, into a coaxial cable that leads them
to the counting apparatus, then changes in the length of the
cable, or the way it is coiled, can change the observed count-
ing rate. Properly unitized pulses provide complete indepen-
dence from such effects.

Photon-counting apparatus can also use a positive high-
voltage supply, which puts the photocathode of the PMT at
ground potential, avoiding many different problems with
long-term changes in sensitivity. Current-measuring appara-
tus is usually designed with negative high voltage, to avoid
putting the dc amplifier (attached directly to the PMT anode)
at a shockingly high potential. This design requires that the
photocathode be at a large negative voltage with respect to
ground, which is the potential of the surrounding case; pho-
tocathode material has been known to protest this arrange-
ment by migrating through the glass envelope, thus destroy-
ing the phototube. If there is any discernible advantage to
using negative high voltage for photon counting, it has not
been demonstrated to us. We therefore use only positive high
voltage in our photometers.

In general, the electronics needed to operate a two-star
photometer have changed little since those described by
Nather and Warner (1971), although the components have
been updated. The additional electronics needed to power a
third channel are simply replicas of those required for a
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FiG. 5—Amplitudes of a pulsation mode measured in a WET run by stan-
dard WET photometers (X—displaced —40 mma) and all others in the
network (O).

single channel. The box that houses the electronics we use
with the WET photometer is mounted on the left of the pho-
tometer as seen in Fig. 1. The box contains a custom-
designed interface (Clemens and Nather 1987) that counts
the pulses from the amplifier/discriminators and sends them
to an IBM-compatible PC for display and manipulation via a
standard serial-port connection, a driver board for the step-
ping motors, a high-voltage power supply for the phototubes,
and a low voltage supply for everything else. The instrument
requires only ac power (115 or 230 V) to operate.

Incoming photons, detected by the phototubes, are unit-
ized and sent to the interface card for counting. They are
transmitted to the PC once per second (or more often, if
needed), which divides them into the time bins requested by
the observer, displays them as a set of three animated light
curves, and records them on disk. We have found this live
data display to be essential: we monitor the light curves con-
tinuously as the data arrive, so any problem can be quickly
spotted and handled by the observer, avoiding the risk of
discovering only after the run that bad equipment or poor
technique had adversely affected the data. A very accurate,
temperature-compensated crystal oscillator in the interface
provides the fundamental timing signals used by both the
interface and the PC program.

3. RESULTS

Our primary goal in building the dual-beam miniphot was
to measure pulsation amplitudes accurately. To illustrate, we
use the data set from the 1994 May, WET run on the DB
white-dwarf variable GD 358, where we had a pair of WET
standard photometers in operation: one at the 24-in. tele-
scope at Siding Spring Observatory in Australia, and one
used on the 36- and 82 in. telescopes at McDonald Observa-
tory. Selecting only runs long enough to resolve neighboring
pulsation modes, we took one fairly isolated mode and mea-
sured its amplitude in each run. Figure 5 has the WET pho-

2The (linear) unit mma refers to milli-modulation amplitude of the observed
variation. 1000 mma is equivalent to 100% modulation.
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tometer data plotted as Xs (and offset 40 mma for clarity?)
and all other data (which includes some other 3-channel in-
struments) as Os. Most of the telescopes in the network are
1-2 m.

We determined the mode’s amplitude by a linear-least-
squares fit to each light curve of a sine curve with a fixed
period, taken from the overall Fourier transform of the data
set. The formal uncertainties on each point are roughly equal
and usually of the same order as the size of the plotted
points.

The results show the data from the new instruments to
have a mean of 13.9£6 mma compared to 17.7+9 mma for
the rest of the data set. The new instruments produced mea-
sured pulsation amplitudes 50% more accurate than the other
WET photometers. Note, however, the scatter in Fig. 5 is not
entirely random; indeed it appears to be periodic with a pe-
riod of roughly four days, likely caused by the beating of two
closely spaced frequencies. The mode we chose to measure
is actually one member of a multiplet of closely spaced
modes with an intramode spacing of about 6 uHz, corre-
sponding to a beat period of almost two days. Since there
may be more than one such spacing, the period we see (four
days) is quite consistent with the expected beating due to
low-power nearby modes. A hint of this beating process is
also seen in the upper panel of Fig. 5, but it is quite obvious
in the WET photometer data. At any rate, the scatter is not
random and is likely to be intrinsic to the star, making the
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FIG. 7—Three-channel data taken during extreme sky variations.

WET photometer amplitudes even more precise than this
measurement would suggest.

With accurate sky-brightness measurements available, we
can sometimes remove the effects of light cloud. Figure 6 is
a run taken with the new WET photometer at the 24-in.
telescope at Siding Spring Observatory, Australia. The run
was started about 20 min before evening twilight
and continued roughly 30 min past morning twilight. The top
panel is the unreduced light curve from the target star,
PG 1159—035, showing both the effects of twilight and of
occasional passing clouds. The middle panel is the same
light curve, just with the sky subtracted. The bottom panel is
a semireduced light curve, with the sky subtracted, atmo-
spheric extinction corrected, and our cloud correction rou-
tines applied. The y scale of each plot is different to accom-
modate the true range in the data.

The onset of twilight is now undetectable and some of the
clouds have been effectively removed. Note that where the
cloud is not completely corrected, the original counts had
fallen by nearly 85%; we can’t correct for that much cloud
extinction. The increase in noise at each end of the light
curve is due primarily to the heavy atmospheric extinction
correction needed, and partly to the noise that accompanies
the large sky counts during twilight. In practice, we would
not use all these data, but the figure shows that some correc-
tions can be made with the third channel that are not possible
without it.

Two more figures show some of the conditions under
which we have taken data with the new instrument we could
not have otherwise. Both Figs. 7 and 8 are from runs taken
with three-channel instruments on the 36-in. telescope at Mc-
Donald Observatory in Texas. The target object in Fig. 7 is
PG 1351+489, a low-amplitude, B mag~16, DB pulsator.
The left-half of the top three panels of the figure are the raw
data for each channel: PG 1351+489, comparison star, and
sky. Note it is nearly impossible to spot which curve is the
real variable.

The bottom two panels show the reduced channel 1 and
channel 2 data (which the sky subtracted), leaving a nearly
flat comparison star and an obvious variable in channel 1. To
the right of each light curve is a Fourier transform (FT) of
the data (in the first and second panels, the data are reduced
normally, except a constant equal to the mean value of sky
is subtracted from the data in lien of the continuous
sky subtraction performed in the last two panels). Since
the mean sky value is a factor of three times the mean count-
ing rate in channel 1 and one third the rate in channel 2, the
size of the noise introduced in the FT differs in each panel;
for channel 1, the noise goes off scale to nearly 170 mma.
The reduced FT for channel 1 clearly shows the expected
periodicity near 2000 uHz (500 s) which is also present in
the uncorrected FT, but almost lost in the noise. A peak half
this amplitude would be completely lost in the noise: present,
but not detected.
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FIG. 8—Three-channel data taken with surrounding lightning.

The data shown in Fig. 8 are of the DA pulsator G 29-38,
taken in clear skies (starting shortly before twilight), but sur-
rounded by lightning on the horizons. The top panel is the
raw target data, while the lower panel shows the sky-
subtracted data. Without the sky channel, most of the run
would simply be too noisy to be of much scientific value. As
in the case of the data in Fig. 7, an occasional measurement
of the sky taken every 20 minutes would leave the artifacts in
the data. The lightning, however, is nicely removed from the
data by subtracting points from the continuous sky channel.
So, too, are other occurrences of scattered light, like moon-
light reflecting off a rotating dome, car headlights, and stray
flashlight beams.

4. CONCLUSION

The Whole Earth Telescope has made the asteroseismo-
logical studies of white dwarfs possible. One further instru-
mental step was required that would allow the WET to ob-

WET STANDARD PHOTOMETER 363

tain more accurate pulsation-amplitude information, extend
available observing time to include grey and bright time, and
allow useful data to be obtained on dimmer stars with
smaller telescopes. Adding a sky channel to the existing two-
channel photometers meets all the above objectives. We
therefore designed a new dual-beam miniature photometer
that is a bolt-on upgrade to turn existing two-channel pho-
tometers into three-channel photometers that have the new
ability to measure the sky brightness continuously. We will
make the plans of the new instrument (including the elec-
tronics, computer interface, and software) available to all in-
terested parties on request.

We are currently working on a new CCD-based time-
series photometer, but have not done so previously because
we felt the technology was not quite up to the task. We must
have high blue quantum efficiency (of order 60% to be worth
the effort of switching), fast integration times (a few seconds
for our variable-star work and milliseconds for occultations
and other work), and low readout noise so we can be essen-
tially photon-noise limited. Cooling and maintenance is also
a problem for some of our remote sites. The CCD was
clearly superior to the photographic plate, even initially, but
the contest between it and the phototube was not so clearly
decided.

We are grateful for helpful discussions throughout the de-
sign process with C. F. Claver, and to J. C. Clemens, J. L.
Provencal, D. E. Winget, T. K. Watson, and P. A. Bradley
for providing another observer’s perspective to the design.
S.J.K. wishes to thank S. Dusty for continuing encourage-
ment during the instrument’s initial run at the SSO. This
work was partially supported by NSF Grants Nos. AST-
9013978 and AST-9014655.
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