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Abstract.
The current status of the Wide Field and Planetary Camera 2 is reviewed, with

special emphasis on the 2.5 years since the last HST Calibration Workshop. The
WFPC2 continues to take excellent images (e.g., the “Eagle” Nebula, the Hubble
Deep Field) that are making fundamental contributions to astronomy. The calibra-
tion and understanding of the WFPC2 continues to improve, as does the available
documentation and access to WWW tools. Photometric accuracies of a couple per-
cent are now routinely possible for the common observing modes. There are ongoing
efforts to more fully characterize the less commonly used modes such as polarization
and linear ramp filter observations. The WFPC2 came through the 1997 servicing
mission with essentially no changes to its characteristics. Finally, new observing
techniques (e.g., subpixel dithering) are allowing observers to push the instrument
to the limits of its capabilities.

1. Highlights Over the Past Two Years

The Wide Field and Planetary Camera 2 (WFPC2) has continued to work flawlessly dur-
ing the 2.5 years since the previous HST Calibration Workshop (see MacKenty 1995 for a
status report on the first 1.5 years of operation). Spectacular images such as the “Eagle”
Nebula and the Hubble Deep Field have captured the public’s imagination, perhaps like
no astronomical image since the picture of the crescent Earth rising over the lunar sur-
face. The astronomical community owes a great debt of gratitude to John Trauger and the
Investigation Definition Team that designed and built the WFPC2.

In December of 1995, the WFPC2 was used to obtain the deepest astronomical image
ever taken: a 10-day exposure of a piece of “blank” space called the Hubble Deep Field
(HDF; Williams et al. 1996). This had two important spinoffs for the WFPC2. The first
was the development of higher quality flats, superbiases, and superdarks required to keep
the observations from being noise-limited. These higher quality calibration reference files
went into the pipeline in December 1995. Similar high quality flats for all filters redward of
3000 Å went into the pipeline during the subsequent year.

The second spinoff from the HDF was the development of the DRIZZLE task for
reducing subpixel dithered images (Fruchter & Hooks 1997; also see Fruchter 1997 and
Mutchler & Fruchter 1997 in this volume). Taking a series of exposures which have been
offset from each other (i.e., “dithered”) by a non-integer number of pixels allows observers
to improve the spatial resolution of the WFPC2 images, since the pixels on the cameras
are too large to properly sample the point spread function. Dithering also flattens the
background and hence allows observations of fainter objects. The dithering technique is
now used for roughly 25 % of WFPC2 science exposures, and DRIZZLE is used to reduce
the vast majority of these images.

The second servicing mission to HST occurred in February 1997. While the installa-
tion of STIS and NICMOS were the main activities, the WFPC2 group was intent on two
goals: 1) making sure the WFPC2 did not become contaminated, 2) determining whether
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there where any changes to the WFPC2 characteristics. An extensive set of calibration
observations showed that the servicing mission caused essentially no change to: photomet-
ric calibration, baseline far-UV response, focus, PSF, flat fields, read noise, A-to-D gain,
and dark current. The only discernible effect was a small and temporary increase in the
contamination rate during March and April of 1997. See Instrument Science Report (ISR)
WFPC2 97-03, Summary of WFPC2 SM97 Plans, by Biretta, McMaster, Baggett, and
Gonzaga, and ISR WFPC2 97-09, Results of the WFPC2 post-Servicing-Mission-2 Calibra-
tion Program, by Biretta and the WFPC2 group for details. All ISRs are available from
the WFPC2 site on the WWW (see Section 4).

Figure 1. The distribution of observed/predicted values for observations of our photometric
standard star using 9 filters and all 4 chips, where “observed” is immediately after the 1997 servicing
mission and “predicted” is based on the baseline measurements from the previous 2 years. The data
show that the throughput was not affected by the servicing mission. See ISR WFPC2 97-09 for
details.

2. Operational History

A major date in the history of WFPC2 was April 23, 1994, when the temperature was
reduced from −77 C to −88 C, in order to minimize the charge transfer efficiency (CTE)
problem and reduce the number of hot pixels. A side effect of this temperature change is
that the contamination rates are higher, as determined by the UV throughput of a standard
star (see Section 2.3).
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2.1. Filter Usage

Coincidentally, WFPC2 has now been operating for nearly the same length of time that
WF/PC-1 was onboard HST, 3.7 years. However, it has taken nearly three times as many
exposures as the WF/PC-1, with over 35,000 external observations. The WFPC2 continues
to work flawlessly, with essentially no mechanical, electrical, or systems problems. Table 1
shows the 25 most frequently used WFPC2 filters. As expected, the broad-band UBVRI
equivalents are the most popular, along with the wide-band analogs of these filters.

Table 1. Approximate WFPC2 Filter Usage as of August, 1997

Filter Number1
F814W “I” 7680
F555W “V” 5506
F606W wide “V” 3033
F702W wide “R” 1755
F675W “R” 1516
F300W wide “U” 1381
F439W “B” 1254
F336W “U” 1225
F170W uv 1129
F547M Stromg. 806
F160BW uv 755
F850LP 698
F656N narrow-band 684
F450W wide “B” 680
F953N narrow-band 549
POLQ polariz 519
F673N narrow-band 518
F1042M longest 500
F255W uv 487
F218W uv 469
F502N narrow-band 451
F410M Stromg. 382
FQCH4P15 methane 361
F658N narrow-band 300
FR680 LRF 261

1 External exposures only.

2.2. Focus History

Periodic adjustments have been made to the focus every 6–8 months in order to correct for
shrinkage of the optical telescope assembly due to desorption of water. The goal has been to
keep the focus within about 3 microns of optimal, which approximately matches the typical
excursions due to “breathing”, which occur on orbital time scales. The focus position during
the period October 30, 1996, through March 18, 1997, was slightly positive (see Figure 2)
apparently due to a slowing of the desorption rate which caused an overestimate of the
required focus move on October 30, 1996. Relatively little WFPC2 data were actually
taken during this period since most of the HST observations employed the FOS or GHRS
prior to their removal. The focus move on March 18, 1997, corrected the problem and
appears to have returned the WFPC2 to its optimal focus position.

ISR WFPC2 97-01, Impact of Focus Drift on Aperture Photometry, by Suchkov and
Casertano shows that aperture photometry with a 1 pixel radius may vary by about 10 %,
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but with a 3–5 pixel radius, variations of only a couple percent are seen for typical changes
in the focus (e.g., due to breathing).

fit of data between Feb 25th and Aug 20th 1997

slope=0.166 mic/month

error on slope=0.003 

rms=1.444

Figure 2. The focus position since Jan. 1, 1994, where 0.0 microns is the optimal focus. Note
that the focus was slightly positive from October 30, 1996, until March 18, 1997. The large number
of points near day 1150 are immediately following the 1997 servicing mission. The vertical lines
show the dates when focus changes were made.

2.3. Photometric Monitoring

A bright star is observed before and after each decontamination procedure (i.e., the camera
is warmed to evaporate the contaminants responsible for the decrease in the UV sensitivity)
for the purpose of monitoring the photometric throughput. Figure 3 shows the resulting
data. A continually updated version of this plot, and the corresponding data, are available
from our WWW site.

The bimodal appearance of the data for the far UV filters is due to the decontamination
procedure, with the high points taken just after the decontamination and the low points just
before. The contamination rates can be easily characterized by a simple linear decline. The
original throughput is recovered after each decontamination (see the WFPC2 Instrument
Handbook or ISR WFPC2 96-04, Effects of Contamination on WFPC2 Photometry, by
Whitmore, Heyer, and Baggett for values of the contamination rates for commonly used
filters, and for other details concerning the effects of contamination).



WFPC2 Status and Overview 321

Figure 3. The photometric monitoring data on GRW+70D5824 since the cooldown on April
23, 1994. See text for details.
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The photometric monitoring observations from Figure 3 show that the throughputs in
nearly all filters have been stable to better than a couple percent over the full lifetime of
the WFPC2. The main exception to this stability has been the throughput for the F170W
and F160BW filters which have actually increased on the PC, presumably due to the slow
outgassing of some contaminants within the PC. This can be seen in Figure 3, but is more
clearly seen in Figure 4 of ISR WFPC2 96-4.

A close look at Figure 3 shows a 1–2 % discontinuity around February, 1995, for several
filters. Figure 4 shows this more clearly for the WF3 observations using the F555W filter.
This small discontinuity is apparently due to an increase in the length of the exposure
times used for the monitoring observations (a factor of 1.4 to 4.0 for the different filters),
and may be related to the CTE problem, since CTE loss is reduced when the background
is higher and when the target is brighter. A more complete examination of this effect is
currently underway; consult our WWW page for the latest information. Note that the
presence of this small discontinuity means that the stability of the WFPC2 is even better
than previously believed. For example, if we use only the observations after Feb. 13 1995,
the F555W observations have an rms scatter of less than 1 %.

Figure 4. A blowup from Figure 3 of the F555W observations on the WF3. The small discon-
tinuity around MJD 49750 (February 1995) is apparently due to an increase in the exposure time
used for the observations. See text for details.

The photometric keywords provided in the headers of WFPC2 images were updated
on May 16, 1997, as part of an update to SYNPHOT. With a few exceptions, changes
to non-UV filters were relatively minor, generally 1–2 % or less. The UV filters required
somewhat larger changes ranging from 2–10 %, or even more in the case of the rarely used
F375N filter. See Casertano (1997) in this volume for details.

The small 1–2 % discontinuity mentioned in the previous paragraph has very little effect
on the SYNPHOT update. However, it does highlight the fact that zeropoint determinations
are most appropriate for observations which are similar to those used in the calibration
observations (i.e., short exposures of bright, hot standards against a faint background). A
variety of effects (e.g., CTE, long-vs-short, redleaks, different spectral types) can require
corrections for observations under different conditions. While these are generally only a few
percent, they can cause effects of 10–20 % in certain circumstance (e.g., very faint stars
with very faint background). These non-linearities are discussed in more detail in Trauger
(1997) and Casertano (1997) in this volume.
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2.4. Pipeline Changes

While there have been roughly a dozen changes to the pipeline during the past 2.5 years,
most of these have not changed the data, only the header information. Some of the main
changes have been:

Table 2. Major WFPC2 Pipeline Changes During the Past 2.5 Years

Jul 1995 SYNPHOT tables updated. Changes made to the photometric
keywords in the header.

Dec 1995 New flats to support the Hubble Deep Field observations (F300W,
F450W, F555W, F606W, and F 814W).

Jun, Jul, Oct, 1996 New flats delivered for filters redward of F300W.
Aug 1996 Small change to the way darks are generated.
Aug 1996 Automatic bias jump detection begins, with messages put into the

trailer file.
Jan 1997 Fixed problem with processing images when fewer than all 4 chips

are read out (mainly calibration observations; assumed single read-
outs were always the PC). The problem originated in December
1994.

May 1997 SYNPHOT tables updated. Changes made to the photometric
keywords in the header.

2.5. History File

A wide variety of information on the operational history of WFPC2 is listed in the WFPC2
History File, which can be found under the documentation section of the WFPC2 WWW
site. Included is information on: decontamination dates and descriptions, darks and super-
darks, focus changes, temperature changes, pipeline changes, safings, plate scale changes,
miscellaneous, and a chronological history in table format.

3. Calibration and Characterization

The WFPC2 calibration plans for Cycles 5 and 6 can be found in version 4.0 of the WFPC2
Instrument Handbook. The Cycle 7 calibration plan is in ISR WFPC2 97-06 by Casertano.
All calibration observations are non-proprietary. We encourage observers to make use of
this resource and to let us know when they find something other people might find useful.
For example, an extensive set of observations is scheduled for the Fall of 1997 to study the
long vs. short and CTE effects (proposal 7630; see ISR WFPC2 97-06 for details). These
observations may be of interest to a variety of people.

3.1. Point Spread Function

A detailed knowledge of the point spread function is required for a variety of projects, rang-
ing from PSF subtraction (e.g., to search for planets around stars) to aperture corrections
for photometric measurements. The fact that the focus varies with position on the chip
makes this more difficult.

There are two basic approaches observers can use. The first is to use observed PSFs
from the archives. The new PSF Library available on the WWW (Wiggs et al. 1997) makes
this relatively easy. The second approach is to use the TINY TIM simulations developed
by John Krist, with a WWW page at: http://scivax.stsci.edu/~krist/tinytim.html
Surdej et al. (1997) and Remy et al. (1997) provide examples of how TINY TIM can be
used for PSF subtraction and to estimate the position of the focus.
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3.2. Polarization

The measurement of polarization with WFPC2 is somewhat problematic, for a variety of
reasons. For example, the pickoff mirror introduces instrumental polarization, transmission
of the perpendicular component is a function of wavelength hence the effective range is
roughly 2000–7500 Å, and vignetting reduces the effective field of view. In addition, a
complete set of polarization calibration observations would be prohibitive (i.e., observations
using all polarization angles, all filters, and all filter rotations would require over 1000
orbits). Our approach has instead been to build a model and spot check it with observations
using commonly used observing modes.

To support this effort, a model has been developed using Mueller matrices that can
predict observed counts with roughly 2% accuracy. An ISR on WFPC2 Polarization Cali-
bration by Biretta and McMaster describing the model is nearing completion. Two WWW
tools have been developed to support polarization observations. The first is a simulator
while the second is a calibration tool based on the Mueller matrix model.

3.3. Linear Ramp Filters

Linear ramp filters (LRFs) provide narrowband photometry over a continuous range from
3710–9762 Å, but within a field of view of roughly 13′′. Again, a full set of calibration
observations for the LRFs would be very expensive in terms of telescope time, hence our
approach has been to take a few typical observations to spot check the model. In this case
the model uses SYNPHOT. Preliminary photometric calibration indicates that an accuracy
of ∼ 3% can be obtained with the LRFs. See ISR WFPC2 96-05, Wavelength/Aperture
Calibration of the WFPC2 Linear Ramp Filters, by Biretta, Ritchie, and MacKenty, and ISR
WFPC2 96-06, Photometric Calibration of WFPC2 Linear Ramp Filter Data in SYNPHOT,
by Biretta, Baggett, and Noll for details. An ISR on the calibration observations should be
out later this year.

3.4. Image Anomalies

The vast majority of WFPC2 observations are successfully obtained (e.g., do not experience
guide star problems) and contain no anomalies. However, a few percent of the observations
suffer some form of image anomaly, hence it is useful to know what kinds of things to look
out for. During the past two years the WFPC2 group at STScI has examined all science
images and informed observers when important anomalies are found. See ISR WFPC2
95-06, A Field Guide to WFPC2 Image Anomalies, by Biretta, Ritchie, and Rudloff for
examples and detailed descriptions of the various anomalies. Some of the more interesting
examples are the following.

• Residual Images: Very bright objects can leave a residual charge in subsequent images,
with an e-folding decay time of about 15 minutes. Residuals from strongly saturated
images can require several hours to completely clear.

• Ghost Images: Internal reflections in the CCD field-flattener lenses or in filters can
result in doughnut- or fan-shaped artifacts near bright stars.

• PC1 Stray Light: Stray light from a bright star which is within the “missing” L-
shaped region around the PC can find its way onto the PC, producing one or more
broad arc-like patterns.

• Scattered Earth Light: Observations taken near the Earth limb (e.g., observations in
the CVZ, the Continuous Viewing Zone) can suffer from reflected Earth light off the
baffles and spiders of the optical telescope assembly. Dark diagonal bars can appear
due to shadowing by the WFPC2 camera relay spiders. See Figure 5.
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Figure 5. An example of a pattern produced by scattered Earth light. The diagonal lines
are the result of shadowing by the WFPC2 camera relay spiders. See ISR WFPC2 95-06 for
details.

4. Sources of Information

The WFPC2 has now been in orbit for almost four years, and an extensive set of docu-
mentation has been developed. In addition, several hundred articles describing WFPC2
observations have been written. The primary sources of WFPC2 information are the fol-
lowing.

• WFPC2 Instrument Handbook—Version 4, June 1996 (Biretta et al. 1996). Updates
include new sections on comparisons with FOC, STIS and NICMOS, observation
strategies, and calibration plans for Cycles 5 and 6.

• HST Data Handbook—Version 3.0, October 1997 (Voit et al. 1997; WFPC2 section
by Casertano et al.). Updates include modifications to the astrometry, polarimetry,
and photometry sections (including improved zeropoints).

• Journal Articles: In particular, the two Holtzman et al. articles (1995a, 1995b). The
WFPC2 Clearinghouse, available via our WWW site, provides easy reference to other
journal articles.

• WFPC2 STAN—Space Telescope Analysis Newsletter. The electronic newsletter sent
every month or two with the latest WFPC2 information. Old issues are available via
the WFPC2 WWW site.

• WFPC2 World Wide Web Site: The top level includes sections on advisories, docu-
mentation, software tools, user support, and frequently asked questions. Of particular
note are the software tools, which now include:

– Exposure Time Calculator
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– PSF Library Search and Retrieval
– Polarization Calibration Tool
– Linear Ramp Filter Calculator
– WFPC2 Clearinghouse

The WFPC2 Clearinghouse is the most recently developed tool, providing easy access
to both STScI documentation and the rapidly expanding literature on WFPC2 observations.

5. Summary

The WFPC2 continues to work extremely well, with essentially no operational problems.
Over the past 3.7 years the WFPC2 has been used for the lion’s share of HST observations,
with roughly 40 % of the observing time. Observers are pushing the instrument to the limits
of its capabilities with observations like the Hubble Deep Field, and by using techniques
such as subpixel dithering. The photometric stability of the instrument has been excellent.
The photometric calibration of the WFPC2 continues to improve, although there are still
important questions about the effects of CTE and other non-linearities. In general, the
commonly used modes are well calibrated and characterized. Work continues on the more
infrequently and more complicated modes such as polarization and LRF observations. An
extensive set of documentation and analysis tools have been developed and can be accessed
through the WFPC2 WWW homepage at:

http://www.stsci.edu/ftp/instrument_news/WFPC2/wfpc2_top.html
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