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ABSTRACT

The ACS has three ramp filters in each of five filter wheel-2 slots. The five middle segments
are available to the HRC, while all 15 ramps cover portions of the WFC field of view.
Therefore, each pipeline WFC ramp pixel-to-pixel P-flat is composed of three segments,
where each segment is from the broadband LP-flat that is nearest to the central wave-
lengths of each ramp segment. Since the P-flats vary slowly with wavelength, the surrogate
P-flats for the ramp filters generally reduce the intrinsic CCD rms noise from 1% to
~0.2%. Along the ramps, the transmitted wavelengths are a function of position; and the
large-scale relative response depends on the shape of the continuum flux distribution.
Instead of an L-flat measured by a laboratory lamp, ramp filters will have an absolute sen-
sitivity as a function of wavelength defined for pipeline flux calibration. Across the ramps,
i.e. perpendicular to the direction of changing wavelength, a traditional L-flat could be
applied; however, any variation in the total throughput integrated over the bandpass along
this axis causes this L-flat to differ for the cases of monochromatic and continuum illumi-
nation.

1. INTRODUCTION

Longward of its ~3500Å optical cutoff, the Refractive Aberrated Simulator/Hubble
Opto-Mechanical Simulator (RAS/HOMS) with both continuum and monochromatic light
was used in 2001 February-March to illuminate the ramp filters and provide a database for
characterizing their signature on astronomical observations. The individual data frames
are tabulated in Table 1 for HRC and Table 2 for WFC. These Tables include the pre-flight
database entry number, the observation date, the exposure time in seconds, the monochro-
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matic wavelength where 0 indicates a continuum light source, the filter wheel-2 positions,
the filter wheel-2 offsets, the CCD amplifier configuration, and the CCD temperature.
Subarray flats for WFC are indicated by AXIS1=2048 in Table 2.

Because of the changes in throughput and in the tungsten lamp output with wavelength
along the ramp segments, a white light LP-flat cannot be derived simply by dividing by the
central response, as is done for the standard and polarizing filters. Instead, a P-flat surro-
gate from the broadband LP-flat (see Paper I: Bohlin, Hartig, and Martel 2001) nearest in
central wavelength is adopted, as summarized in Table 3. In the case of the WFC, three
separate ramp filters share each of five wheel-2 slots. For each of these five WFC posi-
tions, the routine rampflat.pro constructs a single composite WFC flat from three pieces of
the full field LP-flats. The appropriate piece of the broadband flat is cut from its full field
surrogate flat and pasted into the middle, inner, or outer field position in the WFC ramp
flat, which becomes a composite of two or three different broadband flats. The full set of
ACS flat fields, including the ramp filters can be found at http://hst.stsci.edu/acs/analysis/
reference_files/flatimage_list.html.

As quantified in Paper I, the broadband flats reduce the rms structure in monochro-
matic P-flats from ~1% to ~0.2%, except at the shortest measured wavelength of 3880 Å
on WFC, where dividing by the broadband F435W flat reduces the average intrinsic rms
noise from 1.3 to only 0.6%. The Poisson statistics of the 3880Å monochromatic flat are
not adequate for use as an actual LP-flat field for short wavelength monochromatic
observations.

2. LARGE SCALE STRUCTURE IN THE RAMP L-FLATS

The first 10 entries in Tables 1-2 are images with continuum illumination. There are
two images per setting, which are co-added with cosmic ray rejection per paper I. Figure 1
is the raw WFC FR914M continuum image contoured to wrap from black to white every
factor of 1.1, i.e. the change in signal is 10% between adjacent black contours. The por-
tions of the field covered by each of the three ramp filters are apparent. Figure 2 is the
same image, divided by its flat field. The efficacy of our flat fielding technique is demon-
strated by more symmetry and fewer artifacts in Figure 2. In particular, the dust motes
from the CCD window disappear, while the remaining signatures from particles on the fil-
ters are below the ~1% level. The outer ramp FR931N at the lower right in Figures 1-2 is
the only ramp filter to exhibit fringing in continuum light; but with a white light amplitude
of <1%, fringe patterns will be a problem only for monochromatic sources longward of
~7400Å for WFC and longward of ~7000Å for HRC.

2.1 Quantitative Characterization of the Ramp Filter L-Flats

At the central wavelength of the middle ramp, the IDL procedure rampchar.pro pro-
duces Figures 3-7, which characterize the five ramp filters in the middle slots. Table 4 lists
2
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these wavelengths and the preliminary values for the change in central wavelength with
position, D in mm/Å, on the ramp filters themselves (Tsvetanov 1999). In Figures 3-7, the
five image segments are flat-fielded, corrected for the anamorphic geometric distortion
using anamorph.pro, rotated clockwise by 16deg for HRC and 45deg for WFC, median fil-
tered to remove residual noise spikes, and contoured per Figure 2. Only the first-order
anamorphic distortion due to the tilts of the CCD surfaces with respect to the chief ray is
removed by anamorph.pro.

The technology of the manufacturer, Barr Assoc., is sophisticated, but not perfect.
FR505N in Figure 3 is the best ramp filter: After the anamorphic correction to uniform
plate scales of 0.0266 and 0.0497 arcsec/px for the HRC and WFC, respectively, the three
monochromatic panels show large regions of ~11.5 by 24 arcsec for HRC and ~30x80 arc-
sec for WFC that are uniform in response to <1%, as measured from the flat portions of the
top two line plots and as evident from all three line plots and the three contoured mono-
chromatic images. To convert from millimeters at the ramp filter to millimeters on the
detector, magnification factors of 1.3 for HRC and 1.2 for WFC are necessary to account
for the divergence in the beam from filter to detector and to make the measured widths
agree with the modeled curve (heavy dot-dot-dot-dash) in the center line plot. The mea-
sured angles of rotations define the regions of constant monochromatic response to an
accuracy of better than one degree. The near parallelism of the HRC and WFC continuum
contours with the monochromatic contours demonstrates that a continuum point source
has a constant L-flat value to ~1% across the FR505N, i.e. along the vertical axis of Figure
3.

In contrast to FR505N, the least uniform ramp filter is FR388N, characterized in Fig-
ure 4. The triangular region at the brightest contour level in 3880Å monochromatic light
defines the limits of a region that has a uniform response to 10%. The top line plot shows
this drop in sensitivity from the bottom to the top across the ramp filter, where the HRC
shows a different slope than the WFC, because corresponding field positions in arcsec do
not map to the same position on the ramp filter. For example, the separation of the light
bundles at the filter plane for a star pair separated by 20 arcsec is more than a factor of two
greater for HRC than for WFC. Not only does the peak throughput drop from bottom to
top, but also the bandpass narrows, as illustrated by the bottom line plot and by the con-
verging contours in the monochromatic grey scale images. Since the white light
throughput depends on the integral over the bandpass, i.e. the product of the FHWM and
the peak monochromatic throughput, the white light sensitivity at the top is considerably
lower than at the bottom. For example, along a vertical cut where the sensitivity should be

constant, there is a drop across four contour levels, i.e. 1.14=1.46. The deviation from the
modeled throughput shown in the center line plot is unexplained, since the model was
based on actual measurements of the flight filter. Other minor imperfections at the few per-
cent level are apparent in the WFC continuum grey-scale image at the bottom: A “fault”
line down the center of the ramp and a residual in the blob region (see Paper I) near the
3
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top, left of center where the sensitivity depends most strongly on wavelength, especially in
the short wavelength range of F388N.

The other three ramp filters shown in Figures 5-7 fall between the F505N and F388N
in quality. In addition, fringing patterns like the example in Figure 7 of Bohlin, Hartig, and
Martel (2001) are seen for monochromatic sources beyond ~7400Å for WFC and beyond
~7000Å for HRC. In Figure 7 for FR914M, the fringing in the three monochromatic
images is suppressed by an 11 point median filter, instead of the 7 points used for Figures
3-6.

3. WHAT ABOUT ACTUAL RAMP FILTER L-FLATS?

Along the center of the filter, an absolute sensitivity calibration serves as the L-flat and
will be determined by observing a standard star at a grid of 10-20 different wavelengths in
this axis depending on the total change in sensitivity over the bandpass. Perpendicular to
the wavelength direction, the derivation of L-flats for the ramp filters are problematic,
especially for the ramp filters that have a variation in their monochromatic transmission
profile over the region where the transmission is designed to be constant. For example in
Figure 4, the WFC FR388N white light L-flat differs from unity by 40-50% across the
ramp from bottom to top, while the monochromatic L-flat decreases by only ~13%. In
principle, a complete white-light LP-flat could be derived by collapsing the continuum
segments along the vertical axis in the Figures 3-7, making a smooth fit along the ramp,
dividing by that function, and transforming back to the original reference frame of the raw
images. In practice, the problems with this approach are the multiple resamplings of the
data, the low signal of the continuum exposures which often lies well below the required
~100,000 counts/px for a P-flat, and the narrowing of the field in the corners of the detec-
tors that are outside the field illustrated for the WFC continuum in Figures 3-7. Of course,
enough smoothing can be applied to accurately measure the lowest frequencies of the L-
flat; but a precise removal of the intermediate frequency signatures from the dust on the
filters may never be possible. Luckily, those motes are always less than a 1% effect.

Plans for measuring the ramp L-flats on orbit include the observations of a star field at
several locations perpendicular to the ramp wavelength axes.

The first question to be addressed in the analysis of the on-orbit data will be whether or
not the response from a star is the same at the same wavelength for filter wheel movements
that place the star at different positions on the detectors. If there are significant dependen-
cies on detector location, the white-light L-flats become a problem that might best be
addressed by an optical modeling approach. However, there should be no optical vignett-
ing effect, so that this instrumental response should be constant within the uncertainty in
the adopted flat field’s applicability for monochromatic light within the wavelength cover-
age of the separate ramp filters. The uncertainties arising from correcting monochromatic
images with the broadband flats that comprise the ramp LP-flats are discussed in more
detail in Paper I. In summary, over the small HRC field, broadband L-flats correct mono-
4
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chromatic flats to 1% in the 4750-6300Å range, while WFC L-flat errors are typically
<5% but do range up to 20% in the blob region at the shortest wavelengths.

The second question in the analysis of the on orbit L-flat calibration data will be how
well do the stellar L-flats agree with the smoothed laboratory white light L-flats derived as
described above. There are no plans for providing monochromatic L-flats beyond the data
illustrated in Figures 3-7.

4. CONFIRMATION OF THE MAGNIFICATION FACTOR

In order to assign an effective wavelength to an image of a star that is not at the refer-
ence wavelength specified for the ramp observation, the magnification factor between
distance at the detector and distance at the ramp filter must be known more precisely than
the above estimates of 1.3 for HRC and 1.2 for WFC. Since no ray trace analysis exists for
this detail of ACS, a measurement of the magnification could be done by observing a dif-
fuse source that fills the field of view and that has strong, well separated emission lines.
Perhaps, the Helix planetary nebula would provide a good calibration target for this mea-
surement. The measured location on the detector of detected patches of emission would
correspond to the known positions on the ramp filter for each emission line patch detected.
Another simpler measurement could be done with the internal lamp illuminating the edge
of a ramp filter at two positions. The motion on the detectors can be measured and com-
pared to the distance moved on the ramp, which is known from the existing calibration of
filter wheel step vs. wavelength and the lab measurements of wavelength vs. position on
the filters.
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Figure 1 Illumination with continuum light for FR914M on WFC with grey scale contours
that wrap every factor of 1.1, as indicated on the reference calibration bar at the top right.
The WFC CCD detector consists of two 4096x2048 pixel CCDs butted with about a 40
pixel gap. The filter 1 and 2 names are the second line of text at the top. The next line of
text “rms(%)=” indicates 1σ values in the 101x101 standard region (small dashed box) for
the total pixel-to-pixel scatter, the Poisson counting statistic, and the intrinsic rms varia-
tion of the flat, which is dominated in this case by the gradient of the response and is not
especially informative. The fourth line of text is the file name, which includes a w for
WFC, e for external illumination, 01060 for the date of observation: day 60 in 2001, sm02
for the sum of 2 images taken for cosmic ray rejection, and the filter name fr914m. While
the WFC ramp images are always referenced by the middle ramp name, the inner ramp
FR853N lies at the top left and the FR931N occupies the lower right corner.

ACS WFC
CLEAR1L FR914M

lpwe01060sm02fr914m

1.1X

rms(%)=   1.34  0.76  1.11
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Figure 2 As in Figure 1, except that the data are divided by the flat field for the FR914M
setting of the filter wheel 2. The application of the flat makes the contours smooth and
removes blemishes to ~1% precision, with the exception of the FR931N segment, which
also exhibits residual fringing of <1%.

Figure 3 The most perfect ramp filter FR505N: Monochromatic data for the HRC entry 25981 in
Table 1 and for the WFC entries 25971 and 25976 in Table 2, along with white light data for the
co-added, cosmic-ray rejected image pairs from the upper parts of Tables 1-2 for HRC and WFC.
These five images are displayed as contoured grey-scale plots with “HRC 5050A” at the top left
for monochromatic (20Å bandpass) light, “HRC contin.” next to the right for white light, “WFC
5050A” for the CCD chip 1 and chip2 monochromatic images in the center, and “WFC contin.”
white light at the  bottom. Each of the five image segments are flat-fielded, corrected for anamor-
phic distortion using anamorph.pro, rotated clockwise by 16o for HRC and 45o for WFC, median

ACS WFC RATIO
CLEAR1L FR914M / CLEAR1L FR914M

lpwe01060sm02fr914m / pwefr914m

1.1X

rms(%)=   1.17  0.81  0.85
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filtered to remove residual noise spikes, and contoured per Figure 2. The height of the HRC

(Figure 3)
images is the full 1024 pixel length of one side of the HRC CCD; and the height of the three WFC segments
correspond to the 2048 pixel size of the two monochromatic subarrays. The bottom subimage for the WFC
continuum is the central half of the full rotated 4096x4096 image. The width of each subimage is 90% of the
height, eg. 90% of the 4096px WFC size in the bottom subimage that covers portions of both WFC chips.

The residual signature of the butt line between the two cheeks is visible at a 45o angle across the bottom sub-
image. The top line plot at the right is the response at a constant wavelength across the ramp filter along a
vertical cut in the Figure. The bottom two plots are cuts along horizontal axes in the Figure in the direction
of changing wavelength. The middle plot is a cut at the center of the ramp for the HRC (light solid line), the
chip 1 WFC (dotted line), the chip 2 (dashed line); and the heavy dot-dot-dot-dash line is the modeled trans-
mission of Bohlin & Tsvetanov (2000). The bottom line plot compares cuts across the chip 1 (dotted) and
chip 2 (dash) at the bottom (heavy) and top (light) positions of the two monochromatic WFC images to dem-
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onstrate the proper rotation angle for the orientation of the monochromatic contours.

Figure 4 As in Figure 3 for FR388N, the worst of the lot. There is a decrease in both the
sensitivity and bandpass from bottom to top of FR388N. The blob region from Paper I
appears as a blemish of ~5% in the WFC continuum image.
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Figure 5 As in Figure 3 for FR459M. The actual bandpass differs by as much as 10%
from the flat top of the model profile, while the bandpass at the top of the filter is within
~5% of the bandpass profile at the bottom, as seen on the WFC.
10
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Figure 6 As in Figure 3 for FR656N, which is almost as good as FR505N. There is a sen-
sitivity increase from bottom to top of ~4% on the WFC chip 1 but only ~2% on chip 2.
Part of this minor deficiency may be attributable to errors in using the F625W broadband
flat as the surrogate to correct this 6563Å monochromatic image.
11



Instrument Science Report ACS 02-01
Figure 7 As in Figure 3 for FR914M, where the three monochromatic images are heavily
filtered to suppress the fringing.
12
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 EN (C)

 26 9

 26 9

 26 0

 26 9

 26 9

 26 9

 26 8

 26 8

 26 9

 26 8

 25 9

 25 9

 25 8

 25 9

 25 9

 25 9

 25 9

 25 9

 25 9

 25 8

 25 8

 25 9

 26 9
Table 1. ACS PRELAUNCH CATALOG of RAMP FILTER DATA FOR HRC

TRY DATE-OBS EXP-TIME WL(A) FILTER2 FW2-OFF AMP TEMP

256 27/02/01 300.0 0 FR388N 0 C -80.

257 27/02/01 300.0 0 FR388N 0 C -80.

274 27/02/01 7.5 0 FR459M 0 C -81.

275 27/02/01 7.5 0 FR459M 0 C -80.

280 27/02/01 29.0 0 FR505N 0 C -80.

281 27/02/01 29.0 0 FR505N 0 C -80.

262 27/02/01 7.5 0 FR656N 0 C -80.

263 27/02/01 7.5 0 FR656N 0 C -80.

268 27/02/01 14.0 0 FR914M 0 C -80.

269 27/02/01 14.0 0 FR914M 0 C -80.

991 25/02/01 900.0 3880 FR388N 6 C -80.

998 25/02/01 300.0 4590 FR459M 5 C -80.

979 25/02/01 300.0 4850 FR505N 103 C -80.

980 25/02/01 300.0 4950 FR505N 58 C -80.

981 25/02/01 300.0 5050 FR505N 11 C -80.

982 25/02/01 300.0 5150 FR505N -36 C -80.

983 25/02/01 300.0 5250 FR505N -84 C -80.

964 25/02/01 400.0 6300 FR656N 102 C -80.

965 25/02/01 400.0 6430 FR656N 56 C -80.

966 25/02/01 400.0 6563 FR656N 6 C -80.

967 25/02/01 400.0 6670 FR656N -36 C -80.

968 25/02/01 400.0 6800 FR656N -88C C -80.

005 25/02/01 200.0 9140 FR914M -3 C -80.
13
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ENTR MP(C)

 26812 -78.7

 26813 -78.9

 26818 -78.7

 26819 -78.9

 26820 -78.8

 26821 -78.7

 26814 -78.8

 26815 -78.7

 26816 -78.8

 26817 -78.7

 25986 -78.9

 25987 -78.7

 25990 -78.8

 25988 -78.7

 25989 -78.9

 25914 -78.9

 25915 -78.8

 25916 -78.8

 25917 -78.9

 25918 -78.9

 25929 -78.8

 25930 -78.9

 25931 -78.8

 25932 -78.8

 25933 -78.8

 25992 -78.8

 25993 -78.8

 26068 -78.8

 26069 -78.9

 25994 -78.9

 25997 -78.9

 25995 -78.8

 25996 -78.8

 25909 -78.7

 25910 -78.8

 25911 -78.9

 25912 -78.8

 25913 -78.8

 25945 -78.8

 25946 -78.8
Table 2. ACS PRELAUNCH CATALOG of RAMP FILTER DATA FOR WFC
Y DATE-OBS EXP-TIME MONOWAVE FILTER2 FW2-OFF AXIS1(px) AMP TE

01/03/01 400.0 0 FR388N 0 4096 ABCD

01/03/01 400.0 0 FR388N 0 4096 ABCD

01/03/01 8.0 0 FR459M 0 4096 ABCD

01/03/01 8.0 0 FR459M 0 4096 ABCD

01/03/01 12.0 0 FR505N 0 4096 ABCD

01/03/01 12.0 0 FR505N 0 4096 ABCD

01/03/01 6.0 0 FR656N 0 4096 ABCD

01/03/01 6.0 0 FR656N 0 4096 ABCD

01/03/01 7.0 0 FR914M 0 4096 ABCD

01/03/01 7.0 0 FR914M 0 4096 ABCD

25/02/01 900.0 3805 FR388N -10 2048 B

25/02/01 600.0 3880 FR388N -56 2048 B

25/02/01 600.0 3880 FR388N 68 2048 C

25/02/01 400.0 3955 FR388N -102 2048 B

25/02/01 200.0 4030 FR388N -149 2048 B

25/02/01 300.0 4070 FR388N 96 2048 A

25/02/01 300.0 4150 FR388N 55 2048 A

25/02/01 300.0 4230 FR388N 13 2048 A

25/02/01 300.0 4310 FR388N -28 2048 A

25/02/01 300.0 4400 FR388N -75 2048 A

25/02/01 200.0 4440 FR388N 93 2048 D

25/02/01 200.0 4530 FR388N 51 2048 D

25/02/01 200.0 4620 FR388N 6 2048 D

25/02/01 200.0 4710 FR388N -41 2048 D

25/02/01 200.0 4800 FR388N -89 2048 D

25/02/01 600.0 3890 FR459M 32 2048 B

25/02/01 100.0 4240 FR459M -12 2048 B

26/02/01 400.0 4330 FR459M -23 2048 B

26/02/01 400.0 4330 FR459M -23 2048 B

25/02/01 100.0 4590 FR459M -57 2048 B

25/02/01 100.0 4590 FR459M 67 2048 C

25/02/01 50.0 4940 FR459M -102 2048 B

25/02/01 30.0 5290 FR459M -146 2048 B

25/02/01 30.0 5470 FR459M 86 2048 A

25/02/01 30.0 5970 FR459M 42 2048 A

25/02/01 30.0 6470 FR459M -2 2048 A

25/02/01 30.0 6970 FR459M -47 2048 A

25/02/01 30.0 7470 FR459M -91 2048 A

25/02/01 500.0 9760 FR459M 95 2048 D

25/02/01 500.0 9960 FR459M 53 2048 D
14
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 25969 -78.8

 25974 -78.7

 25970 -78.8

 25975 -78.8

 25497 -76.8

 25971 -78.8

 25976 -78.7

 25972 -78.9

 25977 -78.9

 25973 -78.7

 25978 -78.8

 25919 -78.8

 25920 -78.8

 25921 -78.8

 25922 -78.9

 25923 -78.8

 25935 -78.9

 25936 -78.9

 25937 -78.9

 25938 -78.8

 25939 -78.8

 25953 -78.8

 25958 -78.8

 25954 -78.8

 25959 -78.8

 25955 -78.7

 25960 -78.7

 25486 -75.9

 25956 -78.8

 25961 -78.8

 25957 -78.8

 25962 -78.8

 25899 -78.8

 25900 -78.9

 25901 -78.8

 25902 -78.8

 25903 -78.8

 25924 -78.7

 25925 -78.8

 25501 -76.8

 25926 -78.8

ENTR MP(C)
25/02/01 60.0 4850 FR505N 41 2048 B

25/02/01 60.0 4850 FR505N 165 2048 C

25/02/01 60.0 4950 FR505N -4 2048 B

25/02/01 60.0 4950 FR505N 120 2048 C

22/02/01 120.0 5050 FR505N -50 2048 B

25/02/01 60.0 5050 FR505N -51 2048 B

25/02/01 60.0 5050 FR505N 73 2048 C

25/02/01 60.0 5150 FR505N -98 2048 B

25/02/01 60.0 5150 FR505N 26 2048 C

25/02/01 60.0 5250 FR505N 146 2048 B

25/02/01 60.0 5250 FR505N -22 2048 C

25/02/01 100.0 5290 FR505N 86 2048 A

25/02/01 100.0 5400 FR505N 44 2048 A

25/02/01 100.0 5510 FR505N 0 2048 A

25/02/01 100.0 5620 FR505N -45 2048 A

25/02/01 100.0 5730 FR505N -90 2048 A

25/02/01 30.0 5770 FR505N 94 2048 D

25/02/01 30.0 5890 FR505N 50 2048 D

25/02/01 30.0 6010 FR505N 5 2048 D

25/02/01 30.0 6130 FR505N -42 2048 D

25/02/01 30.0 6250 FR505N -88 2048 D

25/02/01 30.0 6300 FR656N 40 2048 B

25/02/01 20.0 6300 FR656N 164 2048 C

25/02/01 30.0 6430 FR656N -6 2048 B

25/02/01 20.0 6430 FR656N 118 2048 C

25/02/01 30.0 6563 FR656N -56 2048 B

25/02/01 20.0 6563 FR656N 68 2048 C

22/02/01 60.0 6578 FR656N 62 2048 C

25/02/01 30.0 6670 FR656N -98 2048 B

25/02/01 20.0 6670 FR656N 26 2048 C

25/02/01 30.0 6800 FR656N 150 2048 B

25/02/01 20.0 6800 FR656N -26 2048 C

25/02/01 30.0 6880 FR656N 61 2048 A

25/02/01 30.0 7020 FR656N 18 2048 A

25/02/01 30.0 7160 FR656N -25 2048 A

25/02/01 30.0 7300 FR656N -67 2048 A

25/02/01 30.0 7440 FR656N -109 2048 A

25/02/01 40.0 7500 FR656N -104 2048 D

25/02/01 40.0 7660 FR656N -56 2048 D

22/02/01 120.0 7820 FR656N -9 2048 D

25/02/01 40.0 7820 FR656N -6 2048 D

Y DATE-OBS EXP-TIME MONOWAVE FILTER2 FW2-OFF AXIS1(px) AMP TE
15
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 25502 -76.7

 25927 -78.8

 25928 -78.8

 25999 -78.8

 25904 -78.8

 25905 -78.7

 26000 -78.7

 25906 -78.8

 25907 -78.7

 25908 -78.8

 25940 -78.8

 25941 -78.9

 26001 -78.9

 26004 -78.9

 25942 -78.9

 25943 -78.8

 25944 -78.8

 26002 -78.8

ENTR MP(C)
22/02/01 120.0 7860 FR656N -9 2048 D

25/02/01 40.0 7980 FR656N 45 2048 D

25/02/01 40.0 8140 FR656N 97 2048 D

25/02/01 30.0 7740 FR914M 32 2048 B

25/02/01 60.0 8170 FR914M 107 2048 A

25/02/01 60.0 8350 FR914M 56 2048 A

25/02/01 30.0 8440 FR914M -16 2048 B

25/02/01 60.0 8530 FR914M 3 2048 A

25/02/01 60.0 8710 FR914M -50 2048 A

25/02/01 60.0 8890 FR914M -103 2048 A

25/02/01 110.0 8930 FR914M 105 2048 D

25/02/01 110.0 9130 FR914M 57 2048 D

25/02/01 50.0 9140 FR914M -65 2048 B

25/02/01 50.0 9140 FR914M 59 2048 C

25/02/01 110.0 9310 FR914M 10 2048 D

25/02/01 110.0 9500 FR914M -43 2048 D

25/02/01 110.0 9690 FR914M -98 2048 D

25/02/01 60.0 9840 FR914M -115 2048 B

Y DATE-OBS EXP-TIME MONOWAVE FILTER2 FW2-OFF AXIS1(px) AMP TE
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Table 3. SURROGATE FLATS FOR RAMP FILTERS

Table 4. CENTRAL WAVELENGTH AND DISPERSION OF MIDDLE RAMP
FILTERS

FILTER DESCRIPTION WAVELENGTH CONFIGURATION SURROGATE

FR388N OII Ramp (middle) 3710-4050 WFC, HRC F435W

FR423N OII Ramp (inner) 4050-4420 WFC F435W

FR462N OII Ramp (outer) 4420-4820 WFC F475W

FR505N OIII Ramp (middle) 4820-5270 WFC, HRC F475W

FR551N OIII Ramp (inner) 5270-5750 WFC F555W

FR601N OIII Ramp (outer) 5750-6270 WFC F606W

FR656N H-alpha Ramp (middle) 6270-6850 WFC, HRC F625W

FR716N H-alpha Ramp (inner) 6850-7470 WFC F775W

FR782N H-alpha Ramp (outer) 7470-8160 WFC F775W

FR914M Broad Ramp (middle) 7570-10710 WFC, HRC F850LP

FR853N IR Ramp (inner) 8160-8910 WFC F814W

FR931N IR Ramp (outer) 8910-9720 WFC F850LP

FR459M Broad Ramp (middle) 3810-5370 WFC, HRC F475W

FR647M Broad Ramp (inner) 5370-7570 WFC F625W

FR1016N IR Ramp (outer) 9720-10610 WFC F850LP

FILTER WL(Å) D(mm/Å)

FR388N 3880 0.192

FR459M 4590 0.0399

FR505N 5050 0.146

FR656N 6563 0.120

FR914M 9140 0.0219
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