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ABSTRACT

Program 12677, ”COS/FUV Mapping of Stray PtNe Lamp Light through the FCA”, was
executed to determine at which cross-dispersion locations on the COS FUV detector,
wavelength calibration lamp light leaks through the flat field calibration aperture. This
unexpected effect was observed initially in program 12096, leading to a shut down of the
COS/FUV detector due to a global count rate violation on Segment A of the G140L/1230
setting. Program 12677 is part of a series of three exploratory programs that were
executed in the Summer and Fall of 2011 to explore instrument performance at potential
future lifetime positions on the FUV detector and select the next lifetime position. The
COS/FUV spectra need to be moved to a new lifetime position every few years of on-
orbit operations to mitigate gain-sag at the previous lifetime position.

Contents
• 1. Introduction (page 2)

• 2. Program 12096 (page 2)

• 3. Program 12677 (page 9)

• 4. Impact on Lifetime Positions (page 13)

Operated by the Association of Universities for Research in Astronomy, Inc., for the National Aeronautics
and Space Administration.



• 5. Conclusions (page 15)

• Acknowledgements (page 20)

• Change History (page 20)

• References (page 20)

1. Introduction
In order to overcome gain sag of the COS FUV detector at the location initially used
for on-orbit operations (hereafter ”original lifetime position” or ”LP1”) a series of ex-
ploratory programs were executed to determine which other FUV detector locations
would be available for science operations: program 12676 (COS/FUV Characterization
of Detector Effects, PI: Massa), program 12677 (COS/FUV Mapping of Stray PtNe
Lamp Light Through FCA, PI: Oliveira), and program 12678 (COS/FUV Character-
ization of Optical Effects, PI: Sahnow). The data obtained in these three programs
were used to select a new lifetime position for the COS/FUV spectra (see Oliveira et
al. 2013). The goal of program 12677 was to determine which cross-dispersion mo-
tions of the aperture block lead to wavelength calibration lamp light leaking through the
flat-field calibration aperture (FCA). This unexpected effect was observed initially in
program 12096, leading to a shutdown of the COS/FUV detector due to a global count
rate violation.

In this ISR we review the causes of the shutdown in program 12096 and discuss
how program 12677 was crafted to avoid a similar shutdown. Results from program
12677 are presented and their impact on future lifetime positions is discussed.

2. Program 12096
Program 12096, ”COS FUV Detector Lifetime Adjustment and Sensitivity Test”, was
executed on Mar 21, 2010 (PI: Sahnow) to test the COS FUV detector sensitivity at
several cross-dispersion positions. The goal was to determine if the time dependent
sensitivity decline that had been observed since SM4 was localized to the areas that had
collected the most counts or if the sensitivity changes applied to the whole detector. The
target observed, WD 0947+857, is a standard star which has been observed multiple
times by COS.

The first series of exposures were taken with the G140L/1230/FP-POS=3 setting
at the nominal position (i.e., at the original lifetime position or LP1, XAPER = 0), at ∼
+1.2′′ from LP1 (XAPER = -25), at ∼ +3.0′′ from LP1 (XAPER = -63), and at ∼ +6.0′′

from LP1 (XAPER = -126). Engineering mode-only instructions were used to flash the
wavelength calibration lamp at the beginning of each exposure and at the end. The de-
fault lamp (PtNe2) and current settings (MEDIUM) were used. The special instruction
SPEC COM ELNOAPMAIN was used to prevent the aperture from returning to the
default location after each exposure taken at an offset position.
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Figure 1. Observed count rate in Segment A of the G140L/1230 exposure obtained at
+6.0′′ in program 12096, for XCORR=[1100, 15550] and YCORR=[200, 800].

Approximately 4 seconds into the 81 second exposure at +6.0′′ (lbe701hvq) the
COS FUV detector was shut down due to a global count rate violation on Segment A.
Figure 1 shows the count rate in Segment A of the exposure taken at +6.0′′ as a function
of time, for detector regions between XCORR=[1100, 15550] and YCORR=[200, 800].
Figure 2 is similar but for Segment B (detector regions between XCORR=[0, 16383]
and YCORR=[0, 1023]).

Between t = 0 sec and t ∼ 0.6 sec the count rate in Segments A and B is ∼ 5000
cts/sec and 1000 cts/sec, respectively, which corresponds to the expected count rate
from the external target (see e.g. visit T1 in program 12806). After 0.6 sec, i.e when the
first flash of the wavecal starts, the count rate jumps quickly to values as high as 60,000
cts/sec in Segment A, and by t = 4 sec the count rate drops to 0 cts/sec, when the detec-
tor shuts down (see section 3.1 for a discussion of the flight software protections against
excessive illumination). The count rates seen by the fast event counter (FEC), 179,033
cts/sec for Segment A (LDCEDECA) and 49,016 cts/sec for Segment B (LDCEFECB),
are much higher than the count rates observed in the detector due to deadtime correc-
tions. In fact, at the high rate observed there is also a 5% deadtime of the FEC because
it cannot count fast enough (since this 5% deadtime correction is very small compared
with the detector deadtime correction it will not be considered further).

Figure 3 shows a portion of the 2-D image of the +6.0′′ exposure for Segment A
of the COS/FUV detector (raw coordinates, pixel 2547 – 3291). It shows the wave-
cal spectrum on top (”WCA spectrum”) and the target spectrum in the middle (”PSA
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Figure 2. Observed count rate in Segment B of the G140L/1230 exposure obtained at
+6.0′′ in program 12096, for XCORR=[0, 16383] and YCORR=[0, 1023].

spectrum”). The unexpected light appears at the bottom, corresponding to the location
where the flat field calibration aperture (FCA) projects onto the detector. Figure 4 is
similar, but for Segment B (raw coordinates, full detector). The target spectrum is visi-
ble mostly on the right side of the detector, due to decreasing throughput toward lower
pixel numbers. The wavecal spectrum is not visible because the PtNe lamp produces
no counts in Segment B of the G140L/1230 setting. The unexpected light appears at
the bottom, in the location corresponding to the FCA aperture, but unlike in Segment A
it is concentrated at the left edge of the detector. The location of the light leak on the
detector, coinciding with the FCA position, together with it appearing when the wave-
length calibration lamp was turned on, indicates that wavecal light leaked through the
FCA aperture when the PSA was moved to +6.0′′.

Figure 5 shows the collapsed spectra of the light appearing in the FCA region, for
FUVB (top panel) and FUVA (bottom panel), for the +6.0′′ exposure in program 12096.
The FUVB spectrum corresponds to wavecal light seen in 0th order, the spectrum seen in
FUVA corresponds to the wavecal spectrum convolved with the FCA aperture and scaled
by some factor: Figure 6 compares the spectrum observed in FUVA (red) with that of a
typical wavecal convolved by a 300 pixel square profile (the size of the FCA aperture in
FUV pixels) and scaled up by a factor of 320 (black). The WCA spectrum was shifted
1100 pixels along the dispersion direction to account for the separation between the
FCA and WCA apertures (see Figure 7 below). The scaling of 320 approximates the
ratio between the WCA and FCA found from program 12096: by comparing the WCA
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Figure 3. Image of a portion of the COS/FUVA detector (raw coordinates, pixel 2547 –
3291) showing light leaking through the FCA for data obtained in 12096 at +6.0′′.
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Figure 4. Image of the COS/FUVB detector (raw coordinates; full detector) showing
light leaking through the FCA for data obtained in 12096 at +6.0′′.
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Figure 5. The spectrum of light leaking through the FCA for the exposure at +6.0′′

in program 12096, collapsed along the cross-dispersion direction. Top Panel: FUVB,
Bottom Panel: FUVA

counts with those from the FCA region a ratio of 263 is derived. The scaling factor of
320 is smaller than the ratio of the area of the FCA to the area of the WCA (∼ 656)
likely due to vignetting and because the FCA is only partially un-blocked when the
aperture block is moved.

Figure 7 is a 2-D schematic showing the layout of the different apertures on the
aperture block at the nominal position for LP1 when the PSA is in use (left panel) and
when the aperture block is moved to offset the target spectrum in the positive cross-
dispersion direction (arcsec > 0, right panel). BOA is the bright object aperture, PSA
is the primary science aperture, and WCA is the wavecal calibration aperture. The FCA
mask (grey shaded box) completely blocks the FCA when the aperture block is at the
nominal position, but not when the aperture block is moved beyond a certain point (right
panel). A more detailed diagram of the aperture block is shown in Figure 8. The relative
position of the FCA and FCA mask is not known to better than 0.25 mm (corresponding
to 0.9 arcsec or 1/3 of the FCA height) and so it is not possible to determine where
exactly the light leak starts, using only geometric considerations.
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Figure 6. Counts observed in the FCA (red) are compared to a wavecal (WCA, exposure
la8m03qcq from program 11488) convolved by a 300 pixel square profile and scaled by
320 (black). The WCA spectrum has been shifted along the dispersion direction to
account for the separation between the FCA and WCA apertures. The scaling of 320
approximates the ratio between the counts in the WCA and those in the FCA found from
the 12096 data.
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Figure 7. 2-D schematic diagram showing the aperture block plane in different posi-
tions. Left: Aperture block at the LP1 nominal position when observing with the PSA.
Right: Aperture block moved in the cross-dispersion direction. Note that when observ-
ing with the BOA the wavecal lamp cannot be flashed, not only to prevent light from
reaching the detector through the FCA but also because the WCA spectrum would fall
outside of the active area of the detector.
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Figure 8. 3-D diagram of the aperture block.

3. Program 12677
The goal of program 12677 was to determine which cross-dispersion motions of the
aperture block lead to wavelength calibration light leaking through the FCA. This in-
formation is key for deciding which detector locations can be used for future lifetime
positions to overcome gain sag (see e.g. Oliveira et al. 2013). Data obtained in program
12096 were used to estimate the predicted count rates for the light leaking through the
FCA in the different grating settings used in this program. Below we discuss the bright
limits applicable to the COS/FUV detector and how the count rates for program 12677
were estimated.

3.1 Flight Software Protection Against Excessive Illumination

As discussed in Leitherer et al. (2002), the COS FUV detector has several levels of
autonomous protection against excessive illumination. The ones relevant for program
12677 are the Software Global Monitoring (SGM) and the Local Rate Check (LRC).
The bright object limits applicable to each of these monitors are described in the Con-
straints and Restrictions Document (CARD). CARD restriction 3.4.12.4 states ”The
FUV detector should not be exposed to a light source which would result in exceeding
an average global count rate of 60,000 counts/sec per segment during an interval of 10
sec. The average count rate is computed as a box-car average over the specified time in-
terval”. As a result the SGM will be triggered if the Fast Event Counter (FEC) produces
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more than 600,000 counts within any 10 s interval for either segment. The consequence
is that the external shutter will be closed, the lamps will be turned off, and any exposures
in progress will be stopped.

CARD restriction 3.4.12.5 concerns the COS FUV local bright object limit and it
states ”The FUV detector shall not be exposed to a light source that, on any portion of the
detector, is bright enough to produce a local count rate exceeding 100 counts per second
per resolution element for greater than 30 seconds. A 3x3 pixel area defines a single
FUV resolution element.”1 The flight software implements this CARD restriction in the
following way: At the beginning of each exposure, the COS flight software collapses
the spectrum over the 1024 pixels along the cross-dispersion direction and bins the
spectrum by 4 pixels in the dispersion direction. If the count rate in any bin exceeds
1000 counts per 15 seconds, the external shutter is closed and the calibration lamps
turned off. All subsequent exposures until the next grating change or target acquisition
are lost. For exposures with TARGET = WAVE, where wavecal flashes are used (either
using the default tagflash command or using special commands) no local rate monitoring
is performed. For TARGET = WAVE exposures with no lamp flashes (such as GO or
AUTO wavecals) the LRC is performed for 15 sec, after the lamp is turned on and only
then is the exposure commanded. For observations of external targets, with or without
lamp flashes, the LCR is performed for 15 sec before the exposure is commanded and
before the wavecal lamp is turned on (for the case of exposures with wavecal flashes).

3.2 Count Rate Estimates

In order to map the FCA light leak without shutting down the detector we estimated the
global and local count rates that would be observed in case of a light leak for each of the
settings used in this program. Because there is a physical separation between the FCA
and WCA in the aperture block (corresponding to ∼ 1100 pixels in the FUV detector)
the offset to shorter wavelengths of lamp light coming through the FCA needs to be
taken into account in all calculations. This dispersion direction offset is ∼ 10 Å for
G130M, ∼ 12 Å for G160M, and ∼ 80 Å for G140L.

3.2.1 Global Count Rate Estimates

To determine the global count rates seen by the detector in case of an FCA light leak
we used the factor of 263 between the WCA and FCA count rates. We explored us-
ing different lamp settings that would allow us to have safety margin of a factor of 10
between the predicted count rates and the maximum of 600,000 counts in 10 sec that
would trigger the global flight software response. We assume the following lamp in-
tensity ratios, based on data obtained during ground testing: PtNe1/Low current = 0.8

1At the time program 12677 was crafted the CARD assumed that a FUV resel was 3x3 pixels and so
all count rate estimates used this resel size. The CARD definition was later updated to reflect the correct
resel size of 6x10 pixels.
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× PtNe1/Medium current and PtNe1/Medium current = 7 × PtNe2/Low current. We
used the lamp count rates implied by the lamp template reference file (used in regular
pipeline processing) and scaled them by 263 to simulate the light leaking through the
FCA. We then adjusted the flash duration such that during each 10 sec interval the total
number of counts is a factor of 10 below 600,000. Table 1 summarizes the estimated
count rates and total counts for the different settings. Column 2 gives the count rate for
the WCA derived from the lamp template reference file and column 3 is the count rate
predicted for the FCA which is a factor of 263 larger. Column 4 gives the duration of
the lamp flash for each of the settings used in program 12677. Columns 5 and 6 give the
total number of counts seen in the detector over a 10 sec interval, when lamp 1/medium
current or lamp 2/low current are used, respectively (these values take into account both
the WCA and FCA light seen simultaneously by the detector). The lamp 2/low current
setting is the only lamp setting that allows for a factor of ∼10 safety margin. To main-
tain this safety margin for some of the settings (G160M and G140L) the flash durations
had also to be reduced to 3 or 2 sec, respectively, over a 10 sec interval. In these cases,
2 lamp flashes were used.

3.2.2 Local Count Rate Estimates

To determine the local count rates seen by the LRC in case of a light leak we used the
data taken in program 12096 with the G140L/1230 setting to simulate what the settings
used in program 12677 would see.

We used the data in the lamp template reference file to derived the count rate
spectra for each setting (each spectrum on the lamp template reference file is from a 120
sec exposure). The resulting spectra were then convolved with a 300 pixel wide boxcar
to approximate the FCA in the dispersion direction. The spectra were then scaled by a
factor of 263, which is the WCA to FCA conversion rate from program 12096. Finally,
the spectra were shifted in the dispersion direction by the appropriate number of Å. The
resulting spectra were then used to determine the LRC count rates.

Table 2 summarizes the LRC calculations for program 12677. The count rates
seen by the LRC for lamp 1/medium current and lamp2/low current are given in columns
4 and 5, respectively. Columns 2 and 3 give the duration of each lamp flash and the
number of flashes per exposure. Column 6 givens the total number of counts seen with
lamp2/low current, taking into account the number of flashes and flash duration, in a 15
sec interval. The values in this column ”L2 LRC tot counts” should be compared with
the 1000 counts in 15 sec LRC limit. All the values in this column are below the LRC
limit by a factor of 3 or more.

3.3 Program Layout

Data were obtained with the wavelength calibration lamp, at different positions on the
detector, using a 1′′ spacing between positions. Table 3 provides a list of all the expo-
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sures taken in this program, the gratings used, the lamp and current setting used, as well
as the spacing in arcsec from the original lifetime position.

The visits taking data at offset positions are named according to #S or #N, where
# represents the number of arcsec away from the original position, in the positive cross-
dispersion direction (N for north) or negative cross-dispersion direction (S for south).
In all of these visits the wavelength calibration lamp, PtNe LAMP2, is used with CUR-
RENT=LOW. This is not the lamp used by default in routine observations, but provides
count rates that are a factor of ∼ 7 lower than those provided by PtNe LAMP1 with
CURRENT=MEDIUM (default lamp setting). Special flash commands were used to
flash the lamp only for certain periods of time. The non-default lamp setting and flash
commands were used to provide an ample safety margin against a shutdown due to ei-
ther a global or local count rate violation, should wavecal light leak through the FCA
(see discussion above).

Visits 10 through 13 were obtained at the original lifetime position, with all pos-
sible combinations of LAMP1 and LAMP2 and LOW or MEDIUM current setting. The
goal of these visits was to determine the ratios of the different lamp settings at different
wavelengths to help in analyzing the data obtained in visits where only LAMP2 with
LOW current is used, if a light leak were to appear at a position different from where it
was observed earlier. Given that no unexpected light leak appeared these data were not
analyzed further.

Table 4 gives the correspondence between the offset from the nominal position
in arcsec, POSTARG, and the special engineering command used to move the aperture
block along the cross-dispersion direction, XAPER.

3.4 Scheduling Constraints

Scheduling constraints were put in place so that visits with a likelihood of seeing WCA
light leaking through the FCA could be modified if unexpected events were observed at
the visit in the previous offset position, with minimal disruption to the schedule. Visits
1N, 2N, and 3N as well as 1S, 2S, and 3S were executed back to back. Since in program
12096 no light leak had occurred between the original nominal position and up to and
including +3.0′′ from the original nominal position there was no concern of light leaking
issues in visits 1N through 3N and 1S through 3S, but the visits were executed to verify
that this was still the case.

There was an interval of at least 2 weeks between visits 1N, 2N, 3N and 4N,
between 4N and 5N, and between visits 5N and 6N. A similar constraint was used
between visits 1S, 2S, 3S, and 4S, 4S and 5S, and 5S and 6S. No constraints were put
on scheduling visits 10, 11, 12, and 13 given that they obtained data at the nominal
aperture position for lamp calibration purposes.
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3.5 Results

Wavelength calibration lamp light leaked through the FCA only for data obtained at
+6.0′′ from LP1. Two-dimensional images of the raw data obtained in those exposures
are shown in Figure 9. Each panel shows the detector region between X=[500,16000],
and Y=[200,800]. A 2-D spectrum of wavecal light leaking through the FCA is visible in
all left panels (corresponding to Segment A). No light leak is seen for G130M/1055/FUVB
(top panel on the right) because the lamp output at these wavelengths is negligible. For
G140L/1280/FUVB zero order light is seen (bottom right panel), similarly to what was
seen in program 12096 with the G140L/1230/FUVB setting.

4. Impact on Lifetime Positions
This program showed that the FCA light leak occurs at +6.0′′ from LP1, but since we
don’t know exactly where it starts we have to assume that it occurs beyond +5.0′′ from
LP1. It is unlikely that the light leak starts right after +5.0′′ as no hint of this effect is
seen in the +5.0′′ data, however it is not inconceivable that it might start at +5.50′′ from
LP1. If considering a future lifetime position between +5.0′′ and +6.0′′ from LP1 it is
probably best to do a test similar to that in 12677 to determine if there is a light leak at
that location.

While using the detector beyond +5.0′′ is not out of the question in the future,
particularly if there are clear advantages in terms of spectral resolution (see Sahnow et
al. 2013), it is certainly made more complicated by the light leak. Several strategies can
be used to circumvent this. For instance, one can change how TAGFLASH works so that
when combined with the target and background count rates over a 10 sec integration
time, the global rate is well below the flight software trigger limit of 600,000 counts.
The TAGFLASH rules would also have to be changed to take into account the local rate
limits. In addition, the contribution of the target spectrum to the LRC would have to be
carefully modeled.

Another possibility is not to use TAGFLASH and obtain wavecal spectra at an
aperture block position that does not suffer from light leaks, leading to wavecal and
target spectra being obtained at different detector locations. This alternative does not
allow for the kind of drift corrections made possible by taking the wavecal and target
data simultaneously, but an overall drift correction could still be derived if a lamp flash
was performed before and after the science exposure. Currently no drift correction is
applied to either data obtained with the BOA or in ACCUM mode, even if a zero point
correction to the wavelength calibration scale is derived from the lamp data obtained
concurrently (ACCUM) or before or after the exposure (BOA). Before this sort of sce-
nario can be put in place the impact of all these additional aperture block moves on the
aperture mechanism should be considered.
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Figure 9. Raw data obtained at +6.0′′ from the original lifetime position in visit 6N of
program 12677. Each panel shows the detector region between X=[500,16000], and
Y=[200,800]. A 2-D spectrum of wavecal light leaking through the FCA is visible in all
left panels (corresponding to Segment A). No light leak is seen for G130M/1055/FUVB
(top panel on the right) because the lamp output at these wavelengths is negligible. For
G140L/1280/FUVB zero order light is seen (bottom right panel). The spectra of the
wavecal flash that originated the FCA light leak is not apparent because the lamp and
current settings used (LAMP=PtNe2, CURRENT=LOW) lead to very low count rates
through the WCA.
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Table 1. Global Count Rate Estimates Assuming an FCA Light Leak

Setting PtNe/WCAa PtNe/FCAb Flash Total Countsc Total Countsd

A/B (cts/sec) A/B (cts/sec) Time in 10 sec (A/B) in 10 sec (A/B)
PtNe1/MED PtNe1/MED (sec) PtNe1/MED PtNe2/LOW

G130M/1055/4 20 / 0 5260 / 0 10 52800 / 0 7543 / 0
G130M/1291/3 216 / 124 56808 / 32612 8 456192 / 261888 65170 / 37413
G130M/1327/1 217 / 184 57071 / 48392 8 458304 / 388608 65472 / 55515
G160M/1577/4 192 / 570 50496 / 149910 3 152064 / 451440 21723 / 64491
G160M/1623/1 220 / 550 57860 / 144650 3 174240 / 435600 24891 / 62229
G140L/1280/1 730 / 17 191990 / 4471 2 385440 / 8976 55063 / 1282
G140L/1105/4 758 / 0 199354 / 0 2 400224 / 0 57175 / 0

aCount rates derived from the lamp template reference file for the WCA, which uses PtNe1,
CURRENT=MEDIUM.

bCount rates derived for the FCA, which are a factor of 263 larger than those derived for the
WCA

cWith PtNe lamp 1, CURRENT=MEDIUM. Column 5 = (Column 2 + Column 3)*Column
4

dWith PtNe lamp 2, CURRENT=LOW, a factor of 7 smaller than PtNe lamp 1, CUR-
RENT=MEDIUM.

5. Conclusions
The wavelength calibration lamp was flashed at 1′′ intervals, between -6′′ and +6′′ from
the original lifetime position (LP1), to map locations where light leaks through the flat
field calibration aperture. A light leak was seen only at +6′′ from LP1. Operations of
future lifetime positions beyond +5′′ from LP1 will have to consider carefully how to
flash the wavelength calibration lamp to avoid shutting down the detector.
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Table 2. Local Count Rate Estimates

Setting Flash Dur. # of L1 LRCa L2 LRCb L2 LRCc

(sec) Flashes rate (sec) rate (sec) tot counts

G130M/1055/4/A 10 1 < 111 < 16 < 160
G130M/1055/4/B 10 1 < 111 < 16 < 160
G130M/1291/3/A 8 1 169 24.1 193.1
G130M/1291/3/B 8 1 111 15.9 126.9
G130M/1327/1A 8 1 168 24.0 192.0
G130M/1327/1B 8 1 112 16.0 128.0
G160M/1577/4/A 3 2 45 6.4 38.6
G160M/1577/4/B 3 2 272 38.9 233.1
G160M/1623/1/A 3 2 136 19.4 116.6
G160M/1623/1/B 3 2 308 44.0 264.0
G140L/1105/4/A 2 2 473 67.6 270.3
G140L/1280/1/A 2 2 359 51.3 205.1
G140L/1280/1/B 2 2 < 111 < 16 < 64

aThe LRC rate is the count rate in the brightest column with 4 pixels along
the dispersion direction and 1024 pixels along the cross-dispersion direction.
L1 calculations assume PtNe lamp 1 with CURRENT=MEDIUM.

bL2 calculations assume PtNe lamp 2 with CURRENT=LOW, which leads
to count rates that are 1/7 of those obtained with LAMP1/MEDIUM CUR-
RENT

cTakes into account the number of lamp flashes per exposure and the du-
ration of each flash. The values in this column should be compared with the
1000 counts in 15 sec LRC limit.
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Table 3. Exposure list for program 12677

Exposure Setting Lamp Current Exp. Time # Flashes Flash Dur. POSTARG

lboz1nd8 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz1nda G130M/1055/4 LAMP1 MED 10 sec 1 10 sec +1.0′′

lboz1ndc G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec +1.0′′

lboz1nde G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec +1.0′′

lboz1ndg G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec +1.0′′

lboz1ndi G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec +1.0′′

lboz1ndk G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec +1.0′′

lboz1ndo G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec +1.0′′

lboz1ndq G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec +1.0′′

lboz1sdv G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz1sdx G130M/1055/4 LAMP1 MED 10 sec 1 10 sec -1.0′′

lboz1sdz G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec -1.0′′

lboz1se1 G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec -1.0′′

lboz1se3 G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec -1.0′′

lboz1se5 G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec -1.0′′

lboz1se7 G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec -1.0′′

lboz1se9 G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec -1.0′′

lboz1seb G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec -1.0′′

lboz2ned G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz2nej G130M/1055/4 LAMP1 MED 10 sec 1 10 sec +2.0′′

lboz2nel G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec +2.0′′

lboz2nen G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec +2.0′′

lboz2nes G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec +2.0′′

lboz2neu G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec +2.0′′

lboz2new G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec +2.0′′

lboz2ney G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec +2.0′′

lboz2nf0 G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec +2.0′′

lboz2sf7 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz2sfa G130M/1055/4 LAMP1 MED 10 sec 1 10 sec -2.0′′

lboz2sfc G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec -2.0′′

lboz2sfe G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec -2.0′′

lboz2sfg G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec -2.0′′

lboz2sfj G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec -2.0′′

lboz2sfp G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec -2.0′′

lboz2sfr G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec -2.0′′
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Table 3. (cont’d)

Exposure Setting Lamp Current Exp. Time # Flashes Flash Dur. POSTARG

lboz2sfw G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec -2.0′′

lboz3ng2 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz3ng7 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec +3.0′′

lboz3ng9 G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec +3.0′′

lboz3ngd G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec +3.0′′

lboz3ngf G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec +3.0′′

lboz3ngh G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec +3.0′′

lboz3ngj G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec +3.0′′

lboz3ngl G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec +3.0′′

lboz3ngq G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec +3.0′′

lboz3sgz G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz3sh4 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec -3.0′′

lboz3sh9 G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec -3.0′′

lboz3shb G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec -3.0′′

lboz3shg G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec -3.0′′

lboz3shi G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec -3.0′′

lboz3shk G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec -3.0′′

lboz3shm G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec -3.0′′

lboz3shs G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec -3.0′′

lboz4ng6 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz4ng8 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec +4.0′′

lboz4nga G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec +4.0′′

lboz4ngc G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec +4.0′′

lboz4ngh G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec +4.0′′

lboz4ngn G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec +4.0′′

lboz4ngs G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec +4.0′′

lboz4ngx G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec +4.0′′

lboz4nh3 G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec +4.0′′

lboz4sh6 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz4sh8 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec -4.0′′

lboz4sha G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec -4.0′′

lboz4shc G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec -4.0′′

lboz4she G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec -4.0′′

lboz4shj G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec -4.0′′

lboz4shl G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec -4.0′′
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Table 3. (cont’d)

Exposure Setting Lamp Current Exp. Time # Flashes Flash Dur. POSTARG

lboz4shq G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec -4.0′′

lboz4shz G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec -4.0′′

lboz5nk5 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz5nk7 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec +5.0′′

lboz5nk9 G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec +5.0′′

lboz5nkb G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec +5.0′′

lboz5nkd G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec +5.0′′

lboz5nkf G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec +5.0′′

lboz5nkh G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec +5.0′′

lboz5nkj G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec +5.0′′

lboz5nkr G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec +5.0′′

lboz5skv G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz5skx G130M/1055/4 LAMP1 MED 10 sec 1 10 sec -5.0′′

lboz5skz G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec -5.0′′

lboz5sl1 G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec -5.0′′

lboz5sl3 G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec -5.0′′

lboz5sl5 G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec -5.0′′

lboz5sl7 G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec -5.0′′

lboz5sl9 G140L/1280/1 LAMP2 LOW 14 sec 2 2 v -5.0′′

lboz5slc G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec -5.0′′

lboz6nn2 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz6nn4 G130M/1055/4 LAMP1 MED 10 sec 1 10 sec +6.0′′

lboz6nn6 G130M/1055/4 LAMP2 LOW 10 sec 1 10 v +6.0′′

lboz6nn8 G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec +6.0′′

lboz6nna G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec +6.0′′

lboz6nnc G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec +6.0′′

lboz6nnf G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec +6.0′′

lboz6nnh G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec +6.0′′

lboz6nnk G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec +6.0′′

lboz6snm G130M/1055/4 LAMP1 MED 10 sec 1 10 sec 0.0′′

lboz6sno G130M/1055/4 LAMP1 MED 10 sec 1 10 sec -6.0′′

lboz6snq G130M/1055/4 LAMP2 LOW 10 sec 1 10 sec -6.0′′

lboz6sns G130M/1291/3 LAMP2 LOW 8 sec 1 8 sec -6.0′′

lboz6snu G130M/1327/1 LAMP2 LOW 8 sec 1 8 sec -6.0′′

lboz6snw G160M/1577/4 LAMP2 LOW 15 sec 2 3 sec -6.0′′
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Table 3. (cont’d)

Exposure Setting Lamp Current Exp. Time # Flashes Flash Dur. POSTARG

lboz6sny G160M/1623/1 LAMP2 LOW 15 sec 2 3 sec -6.0′′

lboz6so0 G140L/1280/1 LAMP2 LOW 14 sec 2 2 sec -6.0′′

lboz6so9 G140L/1105/4 LAMP2 LOW 14 sec 2 2 sec -6.0′′

lboz10d4 G130M/1055/4 LAMP1 MED 30 sec . . . . . . 0.0′′

lboz10d6 G130M/1055/4 LAMP1 LOW 40 sec . . . . . . 0.0′′

lboz10d8 G130M/1291/3 LAMP1 MED 25 sec . . . . . . 0.0′′

lboz10da G130M/1291/3 LAMP1 LOW 30 sec . . . . . . 0.0′′

lboz10dc G130M/1327/1 LAMP1 MED 25 sec . . . . . . 0.0′′

lboz10dg G130M/1327/1 LAMP1 LOW 30 sec . . . . . . 0.0′′

lboz10dk G160M/1577/4 LAMP1 MED 25 sec . . . . . . 0.0′′

lboz10do G160M/1577/4 LAMP1 LOW 30 sec . . . . . . 0.0′′

lboz10dr G160M/1623/1 LAMP1 MED 25 sec . . . . . . 0.0′′

lboz10du G160M/1623/1 LAMP1 LOW 30 sec . . . . . . 0.0′′

lboz11xj G130M/1055/4 LAMP2 MED 30 sec . . . . . . 0.0′′

lboz11xl G130M/1291/3 LAMP2 MED 25 sec . . . . . . 0.0′′

lboz11xr G130M/1327/1 LAMP2 MED 25 sec . . . . . . 0.0′′

lboz11xv G160M/1577/4 LAMP2 MED 25 sec . . . . . . 0.0′′

lboz11y0 G160M/1623/1 LAMP2 MED 25 sec . . . . . . 0.0′′

lboz12dy G130M/1055/4 LAMP2 LOW 100 sec . . . . . . 0.0′′

lboz12e2 G130M/1291/3 LAMP2 LOW 90 sec . . . . . . 0.0′′

lboz12e6 G130M/1327/1 LAMP2 LOW 90 sec . . . . . . 0.0′′

lboz12e9 G160M/1577/4 LAMP2 LOW 90 sec . . . . . . 0.0′′

lboz12ec G160M/1623/1 LAMP2 LOW 90 sec . . . . . . 0.0′′

lboz13ej G140L/1280/1 LAMP1 MED 20 sec . . . . . . 0.0′′

lboz13el G140L/1280/1 LAMP1 LOW 25 sec . . . . . . 0.0′′

lboz13en G140L/1280/1 LAMP2 MED 20 sec . . . . . . 0.0′′

lboz13er G140L/1280/1 LAMP2 LOW 90 sec . . . . . . 0.0′′

lboz13ev G140L/1105/4 LAMP1 MED 20 sec . . . . . . 0.0′′

lboz13ex G140L/1105/4 LAMP1 LOW 25 sec . . . . . . 0.0′′

lboz13ez G140L/1105/4 LAMP2 MED 20 sec . . . . . . 0.0′′

lboz13f2 G140L/1105/4 LAMP2 LOW 90 sec . . . . . . 0.0′′
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Table 4. Correspondence between POSTARG and XAPER

POSTARG XAPER POSTARG XAPER

-1.0′′ 21 +1.0′′ -21
-2.0′′ 42 +2.0′′ -42
-3.0′′ 63 +3.0′′ -63
-4.0′′ 84 +4.0′′ -84
-5.0′′ 105 +5.0′′ -105
-6.0′′ 126 +6.0′′ -126
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