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1. 0 Introduction and Allegro 

In the following pages, a brief outline of the salient science features of 
Wide Field/Planetary Camera 2 (WFPC2) that impact the proposal writing 
process and conceptual planning of observations is presented. At the time 
of writing, WFPC2, while having been better defined than in the past, is 
far from being at the stage where science and engineering details are well 
enough known that concrete observational/operational sequences can be 
plannned with assurance. Conceptual issues are another matter. The 
thrust of the Science Capability Report at this time is to outline the 
known performance parameters and capabilities of WFPC2, filling in with 
specifications when necessary to hold a place for these items as they 
become known. Also, primary scientific and operational differences 
between WFPC 1 and 2 are discussed section-by-section, along with issues 
that remain to be determined and idiosyncrasies when known. Clearly the 
determination of the latter awaits some form of testing, most likely 
thermal/vacuum testing. 

All data in this report should be viewed with a jaundiced eye at this time. 

2. 0 The Astronomer's Toolbox 

The astronomer can customize the usage of the various tools presented 
below to perform the imaging spectrophotometry or other technique that 
he or she requires for their observation. 

2. 1 The WFPC2 Cameras: WFC and PC 

WFPC 1 was comprised of two separate camera subsystems, the Wide Field 
Camera (WFC) and Planetary Camera (PC), with different fields of view 
(FOV). When WFPC 1 was conceived years ago, a single CCO detector was 
not large enough to produce the areal coverage needed in either camera to 
take advantage of the FOV of the Optical Telescope Assembly (OTA) , and so 
four had to be pieced together. For either camera subsystem, an object 
under scrutiny by the OTA was focused onto an image dissector, called the 
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pyramid, which divided the incoming beam into four equal optical 
channels. Each channel had a relay telescope (and other optics) which 
focused the image on its pyramid facet onto the CCO detector for that 
channel. In this way the OTA beam was divided and relayed to CCOs for 
imaging. Switching between WFC and PC was effected by rotating the 
pyramid 45°. 

WFPC2 has much in common with WFPC 1s philosophy, but many 
improvements were made in the intervening years. Tha quantum 
efficiency hysteresis and deferred charge problems of WFPC 1s CCO 
detectors have been eliminated. The WFPC2 CCOs have considerably lower 
dark current and read noise, higher full well capacities, and are 
substantially more uniform in response. The camera relay optics have 
been modified to compensate for the OTAs spherical aberration, and along 
with the pickoff mirror have been actuated (remotely alignable) to 
address the problem of very tight optical alignment tolerances. 

Finally, there is a configuration change between the two cameras; instead 
of four WFC relay channels as in WFPC 1, there are now three, and instead 
of four PC channels, there is now one, with the WFPC2 PC being mounted 
into a slot formerly occupied by a WFPC1 WFC channel. Since all cameras 
are mounted in former WFC slots, the pyramid will be fixed in the WFC 
position. The reduction in the number of channels was caused by schedule 
and budget constraints. The reduction of the PC from four to one channel 
was justified by a proposal review which showed only one PC channel 
being needed for almost every proposal submitted. More WFC channels 
were required to perform the surveys needed for such tasks as 
determining the Hubble constant, and three were considered sufficient. 
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2.1.1 Camera Geometry and Field of View 

Figure 2.1 is a schematic of the camera layout looking from the radiator 
toward the pickoff mirror. The figure shows the location of four WFC 
relay/CCD assemblies and four PC relays consistent with WFPC1, and 
indicates for WFPC2 which relay channels are actuated, which are fixed, 
and which have been deleted. 

The FOV on the sky of the camera system of Figure 2.1 is shown in Figure 
2.2, with the field related to HST by the reference to the telescope 
coordinate system. 

Nominal f/number values for the OT A, WFC, and PC are 24, 13.6, and 32.5, 
respectively . 

2.1.2 Typical CCD Detector/Electronics Characteristics 

Typical values for various WFPC2 detector parameters are given in Table 
2.1 below for use in judging system performance. Using Table 2.2 
combined with the filter characteristics shown in Table 2.3, a rough idea 
of system throughput can be had. 
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Table 2.1 

Camera System Performance Characteristics 

Pixel size: 15 11 
Array size: SOOxSOO pixels 
WFC resolution: 0.10 arcsec/pixel 
PC resolution: 0.043 arcsec/pixel 

Dark current: 0.01 e/pixel/second at -SO°C 
Maximum full well: 60000 e (MPP mode) 
Nonlinearity: <1 % 
Pixel non uniformity: <2% 
Gain: 7. 0 e/dn 
Analog to digital converter (ADC) resolution: 12 bits 
Bias: 300 dn 
Read noise: 7 e 
Amplifier sensitivity: 3.5 /J.V/e 

Table 2.2 

Wavelength vs (detector + window) quantum efficiency (OE), and optical 
transmittance (T) of the (OTA + WFPC2): 

).(A) OE T 
121 6  0.10 0.17 
4000 0.13 0.41 
5500 0. 2S 0.44 
6500 0.40 0.45 
SOOO 0.3 0  0.3 0  
1 0000 0. 02 0.53 
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2.1.3 Observing Modes with the Cameras 

2.1. 3.1 UV Campaigns 

It is anticipated that at the end of every thirty day period the CCOs will 
be warmed to drive off any QE-reducing condensates from the WFPC2 and 
HST. After the subsequent cooldown, the UV performance of WFPC2 will 
be at its best, with the most sensitive work being done during a UV 
campaign at that time. The actual time between CCO warm ups and the 
duration of these UV campaigns remains to be seen. One factor in the 
process of determining this is the CCO temperature at which the dark 
current requirement of 0. 01 e/pixel/second is met. Obviously, if the CCOs 
are run warmer, the rate of condensation will be less. WFPC1 and early 
WFPC2 CCOs are operated at -1 000 C, whereas the anticipated standard 
operating temperature with the new WFPC2 CCOs is -800 C, providing a 
substantial TBO reduction in the condensation rate. 

2.1. 3.2 Long Exposures and Cosmic Ray Removal 

The long exposure observation is used when faint objects are observed. 
Special efforts may have to be made to remove the effects of charged 
particle impacts (cosmic rays and high-energy protons and neutrons) from 
the image. This can be done by taking two exposures of half the required 
exposure time, comparing the two images for cosmic rays, subtracting 
their effects from both, and adding the two cosmic-free resulting images. 

2.1.3. 3 Multiple Images 

Multiple images or scanning will require the OTA to step and stop or to 
scan continuously. It will be used to observe bright standards and as an 
aid for detecting short-period variables. One application would be to 
observe a "standard" star with the star in different areas of the FOV 
(typical number on the ground is nine). Only one readout of the CCOs would 
be taken. This procedure can be used to achieve higher statistical 
accuracy and to reduce the volume of data on the downlink. 
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2.1.3.4 Kelsall Spots 

Kelsall spots can be imposed on any type of frame to find the relative 
positions between CCOs. They also aid in registration of frames, one per 
CCO, of a celestial scene. 

2.1.3.5 , Reading Out Less than Three CCOs (WFC) 

Three WFC CCOs are always read out after an exposure; however, the 
storage of data from less than three CCOs can be done by command as an 
aid in suppressing superfluous data. From the observer's viewpoint, each 
CCO readout is an independent entity. One reason to merge the images 
created by the pyramid splitting is for public relations purposes (there is 
normally no science justification to do so). Because of edge effects 
produced by the pyramid, there will be a region about three pixels wide in 
the neighborhood of the corresponding pyramid edge that will not contain 
good science data. 

2.1.4 Camera Calibration 

2.1.4.1 Flat Field Frames 

Flat field frames are required to allow the removal of the pixel-by-pixel 
variation in the optical sensitivity of the instrument. To obtain accurate 
data for this, an exposure of a spatially uniform source must be taken 
through the telescope and instrument, including the filter. However, the 
WFPC2 internal calibration channel source that illuminates the CCOs can 
be used to monitor the stability of the flat field less the telescope. 

2.1.4.2 Dark Frames 

Dark frames are used to detect charge buildup caused by thermal 
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generation of electrons in the CCOs silicon as well as the rate of charged 
particle impacts. At the normal CCO operating temperature, the charging 
rate is about 0. 01 e/pixel/sec. 

2.1.4.3 Bias Frames 

Biasing for WFPC2 means the removal of the pixel-by-pixel value of the 
instrument bias level. Bias frames, also called erase frames, are readouts 
of the CCOs without an exposure, so dark current effects are negligible. 
They are used to detect a bias designed into the system to ensure that the 
AOC input is above zero. 

2.1.4.4 Residual Image Purge 

The purge, or the purge sequence, is done to flush the CCOs free from 
electrical charge that is driven into traps in the oxide as a result of 
extreme overexposure. The rate of reemergence of this charge into the 
potential wells of the CCO is very slow under normal conditions, and can 
produce measureable ghost images for several subsequent CCO readouts. 
In the purge process, the CCOs are uniformly overexposed to remove any 
patterns from the original overexposure, then several erase frames are 
taken to deplete the charge buildup. The new WFPC2 CCOs are operated in 
an inverted mode, which greatly reduces or eliminates the need for this 
process. 

2.1.4.5 Pre-Flash 

For WFPC1, the pre-flash is done to supply the CCOs with a uniform 
electrical charge distribution over all pixels, thus supplying a low-level 
pedestal upon which the signal rides. Deformities in the CCO transfer 
gate potentials trap electrons from the signal in each pixel as it is being 
read out. As unexposed pixels are shifted through these low-level traps, 
the charge bleeds out into the following pixels. This forms a trail of 
charge as the frame is read out. The 40 electron pre-flash allows the 
filling of these traps with the pre-flash signal as each pixel is read out. 
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The pre-flash must be at as low a level as possible since its photon noise 
is added to any real signal. This effect of charge-bleeding during a pixel 
readout is not usually seen in ground-based astronomy because the 
background brightness of the sky provides a uniform charge distribution 
during exposures; however, in exposures made with the Space Telescope, 
the background ·sky· usually will be so dark that deferred charge would be 
a detectable and undesirable addition to the pictures. 

For WFPC2, the transfer gate potential traps have been eliminated, and so 
the pre-flash capability is not anticipated being used. 

2. 1. 5 Camera Idiosyncrasies 

TBO 

2.1.6 Camera References 

TBD 

2.1. 7 Open Issues 

( 1  ) The final configuration of the cameras needs to be defined. 
( 2) CCO flight chip selection and parametrization needs to be done. 

2.2 The WFPC2 Filter Set 

The WFPC2 filter set incorporates many filters from WFPC1; for instance, 
the WFPC2 Johnson UBVRI filters, which are unique to WFPC2 and vary 
slightly from the Johnson filter standard, are made to be as similar to 
WFPC1 's as possible to preserve that photometric standard between the 
two cameras. There are, however, substantial differences in the two sets 
as well. The red, blue, and UV grisms of WFPC1 have been deleted in 
WFPC2 because of imaging problems with the OT A. Stromgren ubvy 
filters have been added along with linear ramp filters, quad filters, and a 
whole suite of FUV filters. 
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2. 2.1 Filter Types and Descriptions 

A synopsis of the various filters, 50% pass bands, filter wheel 
assignments, and comments where appropriate are shown in Table 2 .3. 
The data in this table are preliminary. The new filters added to the set 
are preceded by 'NF' in the nomenclature used. Descriptions of the unique 
filter types being provided are given below. 

2. 2. 1.1 The Linear Ramp Filter Set 

Description: 

The ramp filter set is designed for use with the WFC only. The set 
consists of four separate filters, each subdivided into four parallel strips. 
The strips are aligned parallel to the WFC CCD pixel readout direction, and 
so each CCD pixel is mapped to a unique central wavelength (and small 
bandwidth about it). Each filter spans all four WFC CCDs, meaning that 
one strip spans two CCDs. Along each strip the central wavelength varies 
linearly, with the range across all four filters (16 strips) varying from 
3700 A to 98 02 A. The FWHM bandwidth is .. 1% of the central wavelength 
over this range. The final wavelength along a strip is approximately 1.06 
times the initial wavelength. (In the blue, the wavelength span of a strip 
is about 250 A, and in the red 58 0 A.) Although there is wavelength 
continuity between strips, for spectrophotometric purposes, there is no 
wavelength overlap due to constraints on the strip length and the OTA's 
0.8 cm beam spot size at the filter. This spot size also limits the size of 
objects that can be imaged on a strip in a single exposure to 13 arcsec or 
less. The observer should consult a TBD document relative to specifics on 
linearity and other issues determined during the final calibration of the 
device. 
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Procedures for Use: 

There are essentially three modes of operation for the ramp filter set: 
observing emission or absorption line objects, checking the ramp filter 
calibration map, and cross-checking other filters in the Selectable Optical 
Filter Assembly (SOFA). 

Emission or absorption line objects can be observed in three modes: 

(1) In the single exposure mode, the telescope positions the object at the 
location of the selected wavelength on the appropriate filter strip. 

(2) With an on-line/off-line exposure pair, the observer can distinguish a 
spectral feature from an underlying continuum by exposing an object in 
two positions, one which places the filter at the center of the emission 
line, and the other in the nearby continuum. 

( 3) In the multiple exposure self-calibrating mode, an object with 
complex or unknown velocity structure is offset to three successive 
positions, stepped in wavelength, to pass the filter passband over the 
spectral feature. This requires a synthesis of stepped images to 
eliminate the filter prOfile and recover SIN and photometric accuracy. 

Checking the filter calibration map is done in two modes: 

(1) Filter central wavelengths, FWHM bandwidths, and equivalent widths 
can be determined by raster trailing a known star or planetary nebula 
across the filter, extracting the spectrum, and interpolating the 
wavelength positions. 

(2) White light flat fields are used to develop the equivalent width along 
the ramp. 

In cross-checking another filter in the SOFA, the ramp is crossed with the 
other filter and illuminated with an internal white light flat field. The 
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spectrum is extracted and the ramp filter profile is deconvolved to 
determine the other filter profile. 

Observer Responsibilities: 

The observer shall specify the central wavelength of interest which will 
be used to determine the appropriate filter strip and HST pointing offsets 
for the exposure . Two additional TBO parameters shall be available to 
handle the case ilf a multiple-wavelength specification. Consideration of 
the size of the object and the need for multiple exposures will also be the 
responsibility of the observer, along with any use of HST scans in 
combination with the ramp filter. 

2.2.1.2 The Quadrant Filter Set 

Description and Usage: 

As their name suggests, each of four filters in the set is divided into four 
quadrants with one quadrant projecting onto one WFC CCO chip. Each 
quadrant is a separate narrowband filter whose central wavelength and 
FWHM bandwidth complements its neighbors in such a way as to provide 
continuous coverage over a range of wavelengths. The quad filter set was 
introduced to fill in gaps left by the other narrowband filters, and to 
cover Oil, 0111, H-a and SII, and extended H-a wavelengths. The FWHM 
bandwidth is 2% of the central wavelength for these filters. 

There is a fifth filter in the set, the methane quad, which is primarily for 
use with the PC, but which may also be used with the WFC. This filter is 
configured differently from the 'proper' quads, above. The smaller, 
square, central portion of the filter is divided into quadrants and projects 
onto the four PC chips completely. This part of the filter is rotated 45° 
from the larger, outer 'portion which affects the WFC. This rotation 
reflects the orientation in the FOV of the WFC vis-a-vis the PC, and the 
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fact that the filter edges are mounted aligned with the WFC chip edges. 
The filter clips off a portion of the WFC FOV nearest the WFPC optical 
axis. 

For all the quadrant filters, there will be spectral mixing near the 
quadrant boundaries where the f/24 spot size overlaps filter segments. 
The. width of the mixed region is TBD (depends on TBD SOFA wheel 
location).  

2.2.1.3 The Quadrant Filter Polarizer 

Description and Usage: 

This filter is divided into quadrants with relative polarization angles of 
0°, 45°, 9 0°, and 135°.  Its 50% passband extends from 2 700 A to 11500 A. 
The polarizer's substrate is curved to give it approximately zero focal 
shift, which allows it to be combined with bandpass filters whose 
substrates are not. When combined with the spherical aberration of the 
OTA, the polarizer's curvature produces a TBD deleterious effect on 
imaging performance. There will be mixing of polarizations near the 
quadrant boundaries where the f/24 spot size overlaps filter segments. 
The width of the mixed region is TBD (depends on TBD SOFA wheel 
location). 

2.2.1.4 Wood's Filter 

Description and Usage: 

Wood's filter, named after the inventor of its underlying concept, R. W. 
Wood, is a broadband, shortpass, FUV filter. At 1600 A, its transmission 
is about 15% and it cuts off at 22 00 A where its transmission is 1 0-6. At 
the short wavelength end, the filter is meant to be combined with either 
F128LP or NF165LP, whose short-end cut offs are at 1300 A and 1650 A 
respectively. Both of these filters have curved substrates, which when 
combined with the spherical aberration of the OT A, produce a TBD 
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deleterious effect on imaging performance.  The circular outline of this 
filter cuts off the outer corners of the WFC chips by a TBD amount, but the 
PC is unaffected. 

2.2.2 Filter Idiosyncrasies 

TBD 

2.2.3 Filtar References 

(1) Adams, L. A.  , Preston, D. J.  , and Crisp, D., Optical Rlters, Wide Field! 
Planetary Camera, Flight Equipment, Detail Specification For, JPL Spec. 
Number CS 5143 76, 18 June 199 0. 

2.2.4 Open Issues 

At this writing, open issues are: 
(1) Usage of the ramp, polarizer, and quad filters in light of the WFPC2 
descope. 
(2) Availability of the ramp filters. 
( 3) Filter wheel assignments. 
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Table 2.3 

WFPC2 FILTER SE T 

Wheel/Slot Filler Name Passband(A) Peak Trans Comments 
(50%) (mlnlmum,%) 

1 1 ? ? ? 
1 2 F122M? 1 140·1320 1 2  H Ly·a •• corrected for wedge 
1 3 F157W ? 1 340·1 610 15 
1 4 NF160W ? ? Sodium Wood's Filter 

2 1 NF130LP ? ? CaF2 Blocker •• zero focus shift 

2 2 NFl65LP 1 650·11000 95 Suprasil Blocker •• zero focus shill 
2 3 F785LP 7900· 95 
2 4 F850LP 8550· 93 

3 1 F336W 3110·3580 45 WFPC U, Stromgren u 
3 2 NF4l OM 4010·4200 70 Stromgren v 

3 3 NF467M 4580·4760 75 Stromgren b 
3 4 F547W 5145·5780 70 Stromgren y 

4 1 F439W 3990·4670 6 3  WFPCB 
4 2 F569W 5000·6150 8 6  WFPCV 
4 3 F675W 6090·7440 88 WFPCR 
4 4 F791W 7080·8980 87 WFPC I 

5 1 NF343N 3419·3444 20 NeV 
5 2 F375N 3719·3748 1 2  [Ol q 
5 3 NF390N 3858·3916 1 5  CN 
5 4 F437N 4354·4384 25 [0 IIq 

6 1 F469N 4677·4709 30 Hell 
6 2 F487N 4851·4885 35 H·p 
6 3 F502N 4997·5032 35 [0 IIq 
6 4 F588N 5864·5930 45 He I&Nal 

7 1 F631N 6287·6331 45 [0 q 
7 2 F656N 6550·6580 45 H·a 
7 3 F658N 6573·6615 45 [N Iq 
7 4 F673N 6704·6767 45 [S Iq 
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8 1 NF170W 1400-2000 20 
8 2 NF185W 1700-2000 15 
8 3 NF218W 2000-2350 20 I nterstellar feature 
8 4 NF255W 2350-2750 18 

9 1 NF380W 3120-4440 55 
9 2 F555W 4590-6180 89 
9 3 F 622W 5500-6900 89 
9 4 NF300W 2400- 3600 4 3  Wide U 

10 1 NF450W 3800-5200 6 0  WideB 
10 2 F 606W 4750-7100 9 0  WKleV 
10 3 F702W 5950-8200 95 WideR 
10 4 F814W 7050-9950 93 Wide I 

11 1 QF375N? A3719-3807 15 Selection based on Ramp status 
B3794-3884 15 
C3871-3962 15 
03929-4043 15 

11 2 Fl042M 10000-11 000 72 
11 3 CRl.. 1 6 00-11000 35 Quad Polarizer - zero focus shift 
11 4 a=cH4N A5414-5452 35 Quad methane bands 

B 6171-6215 35 
C7248-7299 35 
08897-8961 35 

12 1 RF418N 3700-4720 12 to 30 Blue Ramp 
12 2 RF533N 4720-6022 35 to 45 Green Ramp 
12 3 RF680N 6022-7683 45 Red Ramp 
12 4 RF868 N 7683-9802 45 IRRamp 
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2. 3 The Flat Field Calibration Module 

The calibration module was introduced to WFPC2 because of the time
consuming and laborious process of developing streak flats with WFPC1. 
A streak flat for a given filter is produced by pointing HST toward the sunlit 
earth and taking an exposure. Since HST pointing is fixed during this procedure, 
the result is an image that is streaked across the CCOs. Weeks later, when HST 
is in the proper pOSition, it is rolled so that another streaked image is made 
with the streaks approximately perpendicular to the original. These two images 
are then 'knitted' together to produce a flat field for the filter. Aside from the 
lengthy procedure for developing flats for several filters, there are problems 
with producing UV streak flats because the earth's reflectivity in the UV is nil. 
Enter the calibration module. 

Given the above, the motivation for the calibration module is simple: 
produce flats quickly and accurately over the whole spectral range of 
which WFPC2 is capable, thus dramatically reducing operation time for 
this process, and increasing the wavelength span of accurate imaging 
spectrophotometry. Ideally, the calibration module + WFPC2 combination 
will produce a rock stable illumination pattern on the CCOs identical to 
that produced by the OTA + WFPC2 over the whole WFPC2 spectral range. 
A spectrally and temporally stable, spatially slowly varying, calibratable 
illumination pattern on the CCOs is produced by the calibration module. 
The spectral range of the module is somewhat less than WFPC2's in the UV 
(see data below). 

2. 3. 1  Calibration Module Theory and Operation 

� The calibration module is housed in a portion of the light pipe nearest the 
SOFA that was used in WFPC1 to flood the CCOs with solar UV to overcome their 
quantum efficiency hysteresis. It is comprised of two selectable light sources, 
UV and visible, a diffuser which has been designed to produce a scattered light 
beam profile independent of wavelength, a turning mirror, a MgF2 lens, and a flip 
mirror that switches the light into the WFPC2 optical path. 
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Either UV or visible light impinges on a diffuser, which is imaged by the 
MgF2 lens onto the WFPC2 exit pupil, the surface of the relay secondary. 
(The diffuser is 'exactly' imaged onto the secondary at 2550 A, and only 
roughly at other wavelengths due to the MgF2'S widely varying index of 
refraction from the visible to UV.) Light emerging at varying angles from 
the exit pupil illuminates the CCO in a way that includes effects of the 
WFPC2 obscurations and apertures, and those of the calibration module. 
The resulting illumination pattern diverges somewhat from the OT A + 

WFPC2 pattern, but since it is calibratable and stable, small changes ( 1%) 
in the pixel-to-pixel sensitivity of the CCOs can be detected. 

During thermal/vacuum testing, calibration module visible flats 
will be compared with the OT A simulator's. DOing a thorough calibration 
of all the filters in testing allows on-orbit calibration module and streak 
flats to be made for only a few visible filters with subsequent 
'bootstrapping' of these flats computationally to flats for other visible 
filters, including broadband filters for which streak flats cannot be 
obtained. 

The UV presents an unusual case because UV streak flats cannot be made. The 
calibration module will monitor the stability of the UV flat fields, and will be 
able to do photometry to the accuracy of the OTA simulator's fidelity to the OTA. 
Bootstrapping to the OTA simulator UV flats can be done. A single long exposure 
on-orbit flat of the geocorona at Lyman a is likely to be the method of 
calibrating the UV response. The spatially uniform response of the CCOs in the 
UV, thanks to the the CCO's lumogen overcoating, will allow bootstrapping to the 
rest of the UV filters. It may take 5-1 0  orbits to produce the proper signal-to
noise ratio; this interrupted exposure can be scheduled during sunlit orbit 
segments. 

A 1% or better flat field exposure fills pixels to their 1/2 full well level. 
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2. 3.2 Calibration Module Performance Characteristics 

At this time, test results are not available for the calibration module and 
its lamps. The following data have been lifted from the calibration 
module functional requirements, and are tentative. 

Exposure time (goal): 10 seconds to 1 0  minutes to produce 1/2 full well 
through all filters 

Illumination uniformity: Match OTA + WFPC2 for 1600 A s I.. s 1 0000 A 
over inner 80% of combined 

CCD format 

Incandescent lamp: 
Type: Tungsten quartz 
Output: Spectral radiance of a blackbody with 

25500Ks T s26500K over 3500 A s I.. s1 0000 A 
Lamp operation: Minimum of 1 hour per day 
Mission life: 3650 power on/off cycles (2.5 years), 

with a goal of 8 760 ( 6  years) 

UV lamp: 
Type: Deuterium, high pressure, electrodeless RF discharge 
Spectral continuum: 1200 A s I.. s 3500 A 
lntensity: Minimum of 2x1 015 photons/second/steradian for 

1200 A s I.. s 3000 A 
Half-power beam angle: ±2 0° 
Turn-on time: 9 0% of stable intensity level within 1 0  minutes 
Operating stability: ±5% at 2500 A over 1 hour at constant temperature 

after stabilization reached 
Long term stability: <50% over 2.5 year mission 
Lamp operation: Minimum of 112 hour per day of stable operation 
Mission life: 3650 power on/off cycles (2.5 years), 

with a goal of 8 760 ( 6  years) 

18 



2.3.3 Calibration Module Idiosyncrasies 

18D 

2.3.4 Calibration Module References 

(1) ECR 19169, Rev. A, Calibration System, November 26, 199 0. 
(2) Functional and Design Requirements for an Ultra-Violet Calibration 
Source Lamp for WFPC2, Preliminary, October 1 6, 199 0. 

2. 3.5 Calibration Module Open Issues 

( 1) Lamp and diffuser test results required prior to calibration module 
construction . 
(2) Thermallvacuum tests required to determine illumination patterns 
of the calibration module and the OTA simulator at various wavelengths. 
(3) Final plans for calibration module usage depends on thermallvacuum 
test results. 

2.4 WFPC2 Calibration Lamp 

In WFPC2, the calibration lamp will be used as a flat field backup to the 
calibration module, and for a residual image purge. In WFPC1, it was the only 
onboard system that generated a flat field. The lamp was used for preflashing 
and for a residual image purge, as well . It consists of four grain-of-wheat 
lamps placed at 9 00 intervals about the WFPC2 optical axis with each having a 
color temperature of about 19500K. This is very red in comparison to the 
calibration module incandescent lamp. Light from the lamps is scattered off of 
closed shutter blades onto the CCDs to produce the flat. A real drawback of this 
system is the very nonuniform illumination it introduces because of, for 
example, the ribbed structure of the shutter blades. The calibration lamp can 
nevertheless be used to determine the photometric stability of WFPC2. Since 
the new CCDs have no deferred charge problem, it will not be needed for 
preflashing. 
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2.4. 1 Calibration Lamp Idiosyncrasies 

TBD 

2.4. 2 Calibration Lamp References 

TBD 

3.0 Special Methodologies and Operations 

The following constitute techniques over which the observer has no control, but 
should be aware of . Previously, the process of generating a flat field was 
discussed, and may be considered as an example of the above as well. 

3. 1 On-Orbit Optical Alignment of WFPC2 

Initially, the adjustable pickoff mirror will be moved to correct the image in the 
WFC channel with the fixed fold mirror. The point spread function (PSF) will be 
imaged and the pickoff mirror tilt will be modified until the PSF in the center of 
the CCD is symmetric. Focus can then be adjusted by moving the OT A secondary 
mirror to peak up the PSF. The actuated fold mirror channels, both WFC and PC, 
will be adjusted in a similar way, but with the the actuators moving. The 
pickoff and actuator mirrors will be moved in accordance with a predetermined 
set of coma vectors customized for each channel which indicate the direction 
and magnitude of mirror motion to correct for a given comatic image. Image 
inversion techniques may also be used in this process. 

3. 2 Science Data Production and Products 

The PO OOPS system is the portion of the Science Operations Ground System 
(SOGS) which is responsible for the automatic processing of science and 
engineering data generated during an observing session. The PO OOPS system 
provides the software to automatically manage the receipt, editing , calibration, 
and archiving of data from HST. In addition, PODOPS generates certain types of 
output producst from the calibrated data. The Routine Science Data Processing 
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(RSDP) pipeline of PODOPS performs this automatic processing. 

The routine science data processing of WFPC2 data consists of bias subtraction, 
dark current subtraction, and flat field correction. Various pixel conditions are 
flagged as bad or potentially bad. The resulting images will be available on 
magnetic tape in FITS format, and as photographic prints. The reformatted raw 
data will also be available, along with the relevant calibration data. 

3. 2. 1 RSDP Pipeline Output 

Currently implemented capabilities include the following: 

Bias level removal (8 00x 8 00 mode only) 
Bias image subtraction 
Dark image scaling and subtraction 
Flat field image correction 

The following conditions are flagged in the Data Quality File: 

Transmission failures and possible failures 
Known bad pixels 
Saturated pixels 
Bad pixels in calibration images (e.g. bad flat field image) 
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