
III. Descriptions for Each Test and Results

1. Image Field Size:
a. The image field size is determined by the slitmask frame, which has a machined

aperture of 109mm.  The plate scale of the SALT focal plane has been determined
to be 0.2238mm/arcsec.  Therefore, field size = 487 arcseconds = 8.12
arcminutes.

2. Slit Mask Capability:
a. Though no explicit specifications were stated in the FPRD with regard to

accuracy of the slit mask positions, we put the following specifications on the
slitmask laser cutting facility when producing our request for proposals:

 i. Accuracy: 10 microns
 ii. Repeatability: +/- 1 micron
 iii. Straightness and flatness: +/- 4.0 microns (max)
          differential 1.0 micron/25 mm
 iv. Orthogonality:20 arcsec

b. For testing, various slit masks were cut by the laser cutter.
 i. Spectroscopy testing has been performed using 65 micron wide slits

(width verified by microscope).  At 223.8 microns/arcsec, this corresponds
to a slit width of 0.3 arcseconds.

 ii. Optical distortion tests used an array of pinholes positioned 5mm apart.
Fitting of the distortion produced residuals of about 5 microns, or one
third of a pixel.  At 0.128 arcsec/pixel, this corresponds to 0.042 arcsec.
The residuals are not random though and are possibly caused by hysteresis
in the laser cutter stage motors.  The accuracy may be improved by
optimizing the program that determines the order in which slits are cut in
the mask.

 iii. Furthermore, the laser cutter was also used to cut slits in polished,
stainless steel long slit blanks.  These will be used for long-slit
spectroscopy modes in which SALTICAM will be used as a slit-viewing
camera.

 iv. A new distortion mask was made in Cape Town with a sheet of carbon
fiber that we expect to be flatter than those used in the initial testing.
Optical distortion tests using this mask produced a distortion fit with
residuals on the order of 2.5 microns.  At 0.128 arcsec/pixel this
corresponds to 0.021 arcsec.

3. Collimation:
a. Collimation has been determined using the Fabry-Perot ghosts.  We took a focus

run using an array of pinholes and the QTH lamp with H-alpha filter as the
source.  We then compared the best focus position of the direct image and the FP
ghost image.

b. The BFD shifted by 0.91*(175 - 20)/2 = 71 microns.  (20 = direct focus; 175 =
ghost focus; 2 = double –pass correction; 0.91 = BFL/focus motion).  ZEMAX
says the camera BFD should move out 96 microns if the collimator focus is



moved from the best compromise focus to being focused at 20 deg C at H-alpha.
We are within 25 microns of the best compromise focus, according to the model.

c. There is an issue with the FPRD spec.  It's wrong.  First of all, there is a misprint:
it should be -5 - 20 C , not 5 - 20C.  Second, the original intention was to put in
only the thermal variation in collimation (in the model that is +/-50 microns from
-5 to 20).  But looking at it, it seems to include the chromatic effects, which are
comparable.  Going all the way to the very ends of the wavelength range, the
chromatic focus change is +/-75 microns; if you chop off the very ends, it is +/-45
microns over 324 - 850 nm.

d. So, just taking the one current point, and extrapolating using the model, we are
now just outside the thermal spec (we would have to be within 10 microns of
optimal to meet it).  Clearly the spec is unreachably tight.  Then if you put in the
chromatic effect, we are way out, and could never reach it.

e. So what should the spec be?  How about "< 200 microns defocus at detector for -5
- 20C and 320 nm - 900 nm".  We calculated that 200 microns defocus
corresponds to a spherical wavefront distortion of 5 microns or 8 waves at 630
nm.  That's still a very small number and is not unlike the distortions one gets
from gratings, which are focused out.  And it's comfortably bigger than the +/-
125 microns we get from stacking the temperature and chromatic effects in our
model, allowing for us to be off nominal by 50 microns.

4. Image Quality:
a. Initial image quality testing was performed using an array of 12.5 micron pinholes

at various field positions, with a continuum source and H-alpha interference filter.

Specification:

Field (‘) Wavelength(nm) RMS width
dispersion
direction (arcsec)

RMS diameter
(arcsec)

0-3 320-340 0.4 0.65
340-900 0.4 0.55

3-4 320-340 0.5 0.65
340-900 0.5 0.65

  Measurements:

Field (‘) Wavelength(nm) RMS width
dispersion
direction (arcsec)

RMS diameter
(arcsec)

0,0 656.3 0.13 0.17
2,0 656.3 0.11 0.19
4,0 656.3 0.20 0.25

b. Further testing was performed once the Fabry-Perot interference filters arrived.
The 12.5 micron pinholes were used in conjunction with the QTH lamp as source



and wavelength bandpasses isolated by the FP filters.  The wavelengths tested
were 434.0, 446.5, 523.5, 605.5, 629.0 and 784.0 nm.  A series of exposures were
taken at different focus positions.  The table below shows the best quality
monochromatic image:

Field (‘) Wavelength
(nm)

RMS width
dispersion
direction
(arcsec)

RMS
diameter
(arcsec)

434.0 0.10 0.15
446.5 0.09 0.15
523.5 0.06 0.13
605.5 0.11 0.16
629.0 0.10 0.13

0,0

784.0 0.08 0.12
434.0 0.12 0.17
446.5 0.12 0.17
523.5 0.12 0.17
605.5 0.12 0.16
629.0 0.10 0.15

2,0

784.0 0.08 0.11
434.0 0.12 0.17
446.5 0.12 0.16
523.5 0.11 0.16
605.5 0.10 0.14
629.0 0.10 0.14

4,0

784.0 0.08 0.12

5. Focus Range:
a. Focus range was tested by performing runs through the entire focus range.  The

focus position is measured using an LVDT.  We have about 4 volts of range on
the LVDT, with 4 volts per mm., so focus range is +/- 0.500 mm.

b. During testing, we discovered that the Fabry-Perot filters were not the same
optical thickness as the cutoff filters, varying as much as 300 microns in focus
shift.  Additionally, the PC03400 filter is too thin, shifting the focus as much as
250 microns, but in the opposite sense as the FP filters.  Therefore, to compensate
filter thicknesses issues and chromatic effects, just over 750 microns of focus
travel is already needed.  This leaves very little room for temperature effects.
Alan Schier, the optomechanical engineer who designed the camera and focus
mechanism, has stated the mechanism is capable of +/-1 mm of focus travel.
Thus, the focus range will be extended to +/- 1 mm in order to compensate for
variations in filter optical thicknesses and still leave margin for potential
temperature effects.



c. Figure 1 attached shows the best focus positions as a function of wavelength for
various spectral lines or FP bandpasses across the entire wavelength range and
filter set (only six FP filters were available at the time of testing).

d. The remaining FP filters yet to be fabricated will be made to the match the cutoff
filter optical  thickness, and if necessary the already made filters can be trimmed
or remade in the future.

e. On 11 August 2005, a new focus motor was installed.  We were able to extend the
focus range to about 1.57 millimeters for the full range of travel.  Though the
motor is capable of achieving the +/-1 mm mentioned above, we were not
comfortable pushing the focus optics any farther.

6. Detector Pixel Scale:
a. A pinhole array slit mask was generated on the lasercutter facility.  The pinholes

are 5 mm apart.  Near the center, where distortion is at a minimum, they are 174
pixels apart.  5mm at the focal plane is 22.34 arcseconds.  So, pixel scale is 0.128
arcsec/pixel.

7. Flexure
a. The primary source of flexure is from rotation of the instrument on the payload.

Because the dolly does not provide a rotational degree of freedom, we cannot do a
full flexure test of the instrument until it is on the telescope; however, we did plan
on testing the flexure in the tilted configuration of the dolly at two angles (+/- 37
degrees), simulating two specific roll orientations, and verify any image motion
against the flexure model.

b. Using the 12-micron pinhole mask, also used for the image quality testing, and
the PI06290 filter, we measured the positions of the pinholes on the detector in
imaging mode while horizontal.  We then tipped the instrument to one side and
measured the pinhole positions again.  Though the center pinhole shifted by 0.27
pixels in X and 0.1 pixels in Y, movements that are within specification, the
image rotated by about 8 arcminutes, which results in over 4 pixels of spot
movement at the edge of the field of view.

c. We identified the problem as a loose mount point in the camera/cradle interface
kinematic mount.  Upon reassembly in Cape Town, this problem will be
addressed and a new flexure test performed.

d. During reassembly in Cape Town the camera mount, we made sure to have the
camera/cradle kinematic mount points tight and stable.  However, initial testing
suggested that the amount of flexure we saw in Madison was still present.  Our
first attempt to fix the flexure was to introduce hard points at the back (detector)
end of the camera cradle, which push up against the camera barrel.  This
overconstrains the camera, but in the process helps support the camera cradle by
allowing the stiffness of the camera barrel to reinforce the cradle.

e. When the first flexure test was undertaken we still saw about 3 arcminutes of
image rotation and large motions perpendicular to dispersion of over 12 pixels
during testing in the spectroscopic configuration (G2300, Phi=90.250).  We



believe that the latter was due to coupling of the rolling motion of the articulation
cradle into the grating rotation stage, which was attached directly to it.

f. Our plan for fixing these motions was twofold:
 i. A redesign of the hub of the camera cradle was done so as to overconstrain

it, in an attempt to limit roll.  This involved changes to the hub, bearing
configuration and the shaft thickness.

 ii. We removed the grating rotator from the camera hub and attached it to the
stationary etalon mount platform.

g. When flexure was retested after these modifications, we obtained the following
measurements.

 i. Imaging mode: With the camera at home articulation, the 12.5 micron
pinhole mask in place and imaging through the PI06290 filter, we tipped
from horizontal to 37 degrees about the Y-axis of the instrument (toward
the etalons).  We saw at worst 3 pixels (45 microns) of image motion.  If
we assume that a tip on the dolly from +37 degrees to –37 degrees is
equivalent to 180 degrees of roll on the telescope, then we would expect 6
pixels of motion per 180 degrees of roll.  As the longest track would
produce 45 degrees of  roll, the worst image motion would be 1.5 pixels or
0.192 arcseconds.

 ii. Spectroscopy mode: With the camera at Phi=90.250 degrees,  the G2300
grating in at alpha=45.125 degrees, the same pinhole mask and filter, we
tipped from -37 degrees about the Y-axis of the instrument (toward the
etalons) back to horizontal and saw as much as 8 pixels (120 microns) of
motion in the direction perpendicular to dispersion.   When tipping from
horizontal to 37 degrees in the other direction, we only saw about 2 pixels
of motion.  A total of 10 pixels of motion would be 1.28 arcseconds per
180 degrees of roll – corresponding to 0.32 arcseconds worst track.
Because this effect is caused by the rotations of the grating about the
optical axis, we expect that for lower grating angles its impact will be
reduced.

h. The results as of the shipment of the instrument to the telescope suggest that we
are about a factor of two out of specification.   Further modifications to improve
the camera roll are impractical at this juncture and we therefore concede the
specification; however, our current belief is that asymmetry in the response of the
grating roll suggests that it may be improved by preloading the grating rotation
stage.

8. Transmission:
a. Optics throughput was calculated using vendor-provided anti-reflection coating

efficiencies:

Transmission (%)Wavelength
(nm) Min Calculated
320 65 76
350 72 78
400 75 79



500 76 79
650 75 76
900 72 74
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9. Stray Light
a. Collimator/Camera Ghosts:

 i. This specification is actually a ghost brightness specification, not a
specification on the level of stray light, and specifies the ghost surface
brightness relative to that of a nominal SALT image, assumed to be 1.2
arcsec in diameter.  So it is the peak intensity/arcsec2 of the ghost divided
by the total intensity of the star/(π*0.6 arcsec2).

 ii. The ghost brightness was tested in imaging mode with a slit mask cut with
a single pinhole at a position of 2 arcminutes off-axis at a position angle of
45 degrees.   The detector was set at FAINT gain and 4x4 binning. The
procedure was as follows:

1. With the HgAr pencil lamp and the ND#2 filter installed in the
calibration system and the PI04340 filter a series of images were
taken with increasing exposure time (2, 4, 16, and 24 seconds) of
the direct image to establish a count rate for the lamp brightness.

2. The ND#2 filter was then removed and another series of longer
exposures (1, 10, 100 and 1000 seconds) were taken in order to
establish the count rate for any ghosts.

3. Another series of long exposures was taken with the pinhole
covered but the lamp still on to record the background scattered
light and subtract from the ghost images before computation of the
ghost count rate.



4. The above procedure was repeated using the PI06290 filter.
 iii. The data were smoothed by a Gaussian FWHM=1.2 arcsec before

calculation of the brightness rates.
 iv. The brightest ghost has a surface brightness ratio to the direct image of:

1. 434 nm: 1.6x10-5.
2. 629 nm: 2.9x10-5.

b. Disperser ghosts:
 i. Fabry-Perot ghosts:

1. The specification is too tight for the FP ghosts.  Typical throughput
of an FP etalon is 80%, thus about 20% is reflected.  With CCD
QE about the same, the best case FP ghost is around 4%.

2. Initial estimates of the FP ghost brightness suggest about 5%,
consistent with expected.

3. However, analysis of focus runs done with the FP system, used to
determine the collimation spec above, exhibit anomalously bright
ghosts, with most in the 9% range, and one peculiar standout at
almost 30%.

4. These tests were not done with the FP Interference filters in place.
The bandpass was isolated using an interference filter placed near
the source.  Though we do not suspect that this would make a
difference, we will need to repeat this test with the proper setup in
Cape Town.

 ii. Littrow grating ghost
1. During testing we identified a ghost that appears when a

transmission grating is used in littrow configuration.  It is caused
by the reflection of the dispersed spectrum off of the CCD
traveling back through the camera and being “recombined” by the
grating in first order reflection.  The light is then imaged onto the
CCD.

2. Thus, this ghost will manifest itself as an image of the slit mask, as
if it were imaged directly in zeroth order.  However, the brightness
will be dependent on the total flux in the spectrum multiplied by
the wavelength dependent reflectivity of the CCD surface, the
throughput of the camera in double pass and the efficiency of the
grating in first order reflection.

3. Initial measurements of the brightness of the ghost show that the
total flux in the ghost is of the order of 1-5x10-5 the total flux in the
spectrum.

10. Spectroscopy FOV
a. With the laser cutter we can cut multi-slit masks in the carbon fiber and longslits

in stainless steel reflecting blanks such that the apertures are within the field of
view defined by the slitmask holders per the imaging FOV specification.

11. Max Resolution:



a. A spectrum of a Neon line lamp was taken with the G2300 grating at a grating
angle of 45.125 degrees through a 65 micron wide slit (0.3 arcsec).  Various lines
in the spectrum were fitted with Gaussian profiles and their FWHM computed.
The resolving power in this configuration was then computed and the results are
shown in the plot below.  Optimum focus had not yet been achieved, yet the
resolving power is consistent with that theoretically expected with a 0.3 arcsec slit
in this configuration.

Neon Lamp Spectrum
 G2300 @ 45.125 degrees
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b. Focus runs were performed for each grating at two or three rotation settings (see
table under grating efficiency) with the 0.3 arcsec slit.  We saw similar
performance, and thus specification will be met.  Figure 2 (attached) shows a
sample spectrum of the G3000 grating in its bluest setting.

12. Grating Efficiency:
a. Grating efficiencies were measured relative to that of the SR300 grating.  The

Quartz-Tungsten-Halogen lamp, with color-correcting filters, was used to
illuminate the focal plane.  However, the spectrum of the QTH lamp falls very
quickly in the ultraviolet, so all data below 350nm are suspect.  Spectra were
taken through the same slits used for the resolution test and were recorded for
each grating at multiple settings.  Line-lamp spectra were also taken at these
settings to determine wavelength solutions.  The gratings were tested in the
settings listed in the following table:

Grating Camera Angle Grating Angle Cutoff Filter
24.250 12.125 PC00000G0900
40.000 20.000 PC04600

G1300 30.250 15.125 PC03200



43.000 21.500 PC03850
64.000 32.000 PC04600
54.250 27.125 PC03850
67.750 33.875 PC04600

G1800

100.000 50.000 PC04600
60.250 30.125 PC03200
73.750 36.875 PC03850

G2300

100.00 50.000 PC04600
65.500 30.750* PC00000
82.750 41.375 PC03400

G3000

100.00 50.000 PC03850
* Note that for the G3000, Phi=65.500 setting, the grating angle was not
set to half the articulation angle.  This was an error, but does not
significantly affect the results.

b. The manufacturer’s data for the efficiency of the SR300 grating was assumed to
be accurate and are shown in Figure 3 attached.  Thus, “absolute” efficiencies of
the gratings were determined.  Plots of efficiency are attached (Figure 3).  A
summary of the results, with comparison to the FPRD table is in the table below:
(Some values were interpolated from the expected superblaze curve.)

Transmission (%)
Low Resolution* High Resolution**

Wavelength
(nm)

Min Measured Min Measured
320 62 ?? 70 ??
350 66 >67 80 >85
400 66 >71 72 82
500 69 86 75 78
650 75 87 75 79
900 55 64 55 55

*   G0900 (red and blue tilt)
** G1800, G2300, G3000

c. Though we don’t have a reliable calibration below 350 nm, I have confirmed
throughput down to 313 nm.  Below is a plot of a spectrum with the G0900
grating, showing the detection of a multiplet at 313 nm, but not the one at 302 nm.
This does not necessarily indicate a lack of transmission at those wavelengths
because we are not sure of the transmission curve of the fresnel lens or neutral
density filters in the calibration setup.



 

13. Central Wavelength Precision:
a. A grating rotation repeatability test was performed by switching PFIS between

two configurations.  The first was with the G0900 grating at articulation angle
Phi=40 degrees and grating rotation at Alpha=20 degrees.  The second was the
G1300 grating at Phi=64 and alpha=32 degrees.  By repeatedly switching between
these two configurations, the robustness of the repeatability of the central
wavelength could be tested with respect to the removal and reinsertion of a
grating and movement away from and back to a specific articulation station.
Additionally, tests were performed at a single articulation station with removal,
reinsertion and rotation of the grating as well as with a single grating with
articulation away and back to the same station to isolate the two effects.

b. With grating removal, rotation, and reinsertion, the central wavelength moves by
less than 0.1 pixel, while the Littrow ghost moves 3-7 pixels.  Although the
central wavelength repeatability is well within specification, the fact that the ghost
moves could indicate minor dispersion changes.  This will be examined.

c. With articulation to a different station and back, grating removal and reinsertion,
the central wavelength is repeatable to about 0.2 pixels, well within the
specification for all gratings at all angles.

d. Because of the modifications to the instrument as part of the flexure reduction, the
grating rotation stage was decoupled from the articulation cradle.  This changed
the operational configuration of the grating mechanism enough to require a retest
of the central wavelength precision.

e. The test was performed as described above, but by switching between the G0900
grating Phi=40 degrees, alpha=20 degrees and the G2300 grating with Phi=90.25
degrees, and alpha=45.125 degrees.  The new operational procedure for changing
the gratings requires an articulation movement to Phi=zero degrees in between
each grating change.  Spectra of the neon line lamp were recorded, and



wavelength solutions found.  The central wavelength was repeatable to less than
0.5 pixels (0.025 nm for the G0900,Phi=40 setting – spec: 0.33 nm).  Assuming
this to be true for the other gratings as well suggests that the specification is easily
met

f. The position of the littrow ghost was also recorded.  It moved by roughly 15
pixels between visits.  This corresponds to approximately 1.2 arcminutes of
grating rotation.  The linear dispersion of the spectra were examined, and the
wavelengths near the edges of the detector array moved as much as 1-1.5 pixels,
consistent with the grating rotation indicated by the littrow ghost movement.

14. Etalon Spectral Resolution:
a. The FWHM of each order for each of the four modes (TF, LR, MR, and HR) were

measured at Rutgers University with a grating spectrograph.  For MR and HR
modes, the resolution of the spectrograph was deconvolved from the observed
widths to produce the etalon resolutions reported here.

PFIS-FP Spectral Resolution
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b. See attached documents entitled “Etalon 1052 Measurements”, “Etalon 1053
Measurements”, and “Etalon 1054 Measurements”.



15. FP Spectral Range:
a. There is little spectral range with reasonable resolution below 430 nm, but the

etalons perform acceptably to 920 nm, beyond the specified spectral range.
b. See attached documents entitled “Etalon 1052 Measurements”, “Etalon 1053

Measurements”, and “Etalon 1054 Measurements”.

16. FP Field of View:
a. The full field of view of PFIS has been successfully imaged through the etalons.

17. FP Wavelength Gradient:
a. The wavelength gradient is a function of the PFIS collimator focal length and the

size of the field of view.  These are all set by the PFIS optical design.
Verification is accomplished from the calibration of the effective focal length of
the camera and the radius of the FOV projected onto the CCD.

b. For example: (using 2x2 binned pixels, 0.256 arcseconds/pixel)

 i. at 610 nm:  we measured   Fcam = 11154 +/- 62 pixels  and  RFOV = 958
pixels, so gradient  = [1-cos(arctan(RFOV/ Fcam)]* wave = 22.4 A

 ii. at 487 nm:  we measured   Fcam  = 11286 +/- 87 pixels  and  RFOV  = 958
pixels, so gradient  = [1-cos(arctan(RFOV  Fcam )]* wave = 17.5 A

 iii. at 650 nm:  Fcam  = 11000 (nominal)  RFOV  = 958, so gradient  = [1-
cos(arctan(RFOV / Fcam )]* wave = 24.5 A

18. FP Wavelength Precision:
a. The wavelength was fit with a low-order (up to degree 3) polynomial in the

control value, Zoffset.  The residuals about this fit are the accuracy with which the
center of the passband is determined.  Each order used is fit separately, and the
measured precisions averaged.  The results are presented in the following table:

Mode RMS Residuals
TF FWHM / 120
LR FWHM / 220
MR FWHM / 170
HR FWHM / 48

b. See attached documents entitled “Etalon 1052 Measurements”, “Etalon 1053
Measurements”, and “Etalon 1054 Measurements”.

19. FP Wavelength Stability:
a. The wavelength was monitored over a period of more than 24 hours, and the drifts

measured.  The etalons were observed to drift smoothly with time, and
calibrations every hour while observing should be sufficient to correct for the
drifts to adequate precision.  The high-resolution etalon was not tested due to late



delivery and schedule pressures.  Test results for the other two etalons are
presented in the following table:

Mode Mean Drift Rate FWHM Stability
TF 0.021 nm hr-1 1.85 nm FWHM / 88 hr-1

LR 0.058 nm hr-1 0.90 nm FWHM / 16 hr-1

MR 0.031 nm hr-1 0.46 nm FWHM / 15 hr-1

b. See attached documents entitled “Etalon 1052 Measurements”, “Etalon 1053
Measurements”, and “Etalon 1054 Measurements”.

c. Because of a very tight time schedule due to the late delivery of the etalon,
extensive stability measurements have not been carried out. Repeated
measurements were taken of the peak transmission wavelength at 6100 Å three
times over a 6-day period and an RMS deviation of 0.11 Å, or 1/7th of the 0.79 Å
FWHM were found.  The FWHM itself varied by no more than 0.01 Å. The
optimum parallelism settings for the three measurements were identical.  This
level of stability is consistent with our expectations from the other etalons, and
more extensive stability measurements will be obtained during commissioning.

20. FP Wavelength Set Time:
a. The time constant for the etalons is 2 msec, as specified.  However, due to latency

in the RS 232 links between the PCON control computer and the etalon
controllers and in the LABVIEW software, a delay of approximately 100 msec is
required to command the controllers.  We do not anticipate any short-duration FP
exposures for which this would be a problem, but we could trim the delay to
shorter values (probably 20-50 msec) in the telescope environment.

21. FP Efficiency:
a. The transmission of the etalons was measured by taking spectra of a stable white

lamp through the etalon, and with the etalon removed, and then fitting the ratio of
these spectra with a Voigt profile.  For the MR and HR modes, the instrumental
profile of the spectrograph was deconvolved from the fitted profile.  The
transmission values reported are the deconvolved peak transmissions.  Some
unknown effect is producing unreasonably high values at some wavelengths in
MR mode; we do not expect any transmission greater than about 90%.  The red-
most points in HR mode have some second-order blue spectrum contamination
because we didn’t use a proper filter; these transmission are too low, and probably
are comparable to those of the other etalons in this wavelength region.  Overall,
the transmissions range from about 60% in the blue to about 85% in the red.  The
following figure shows all the measurements; blue diamonds are TF mode,
magenta squares are LR mode, red triangles are MR mode, and green circles are
HR mode.

b. See attached documents entitled “Etalon 1052 Measurements”, “Etalon 1053
Measurements”, and “Etalon 1054 Measurements”.
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22. Parasitic Light: (Post-delivery measurement)
a. The parasitic light is the amount of light from adjacent orders that pass through

the system.  This cannot be determined until the filters are delivered and the limits
of the scanning range of each order are determined.  Thus no tests were possible
before delivery.

b. As of delivery to the telescope, only the TF an LR modes have had parasitic light
measurements performed.  These have been tested at 502.2 nm, the cross-over
point between the PI04975 (filter 10) and PI05060 (filter 11) filters.   These tests
do not integrate over the FP line profile, which would introduce a small
correction, and further testing needs to be done.

 i. Thus when observing in filter 11 with the FP, the shortest wavelength
observed will be 502.2 nm (bluer observations will be done in filter 10,
etc.).

 ii. At 500 nm in TF mode, the Free Spectral Range is 31.2 nm (see the report
on etalon 1052).  So when observing at 502.2 nm in TF mode, the next
order is at 533.4 nm.

 iii. Filter 11's transmission at 533.4 nm is <0.1% (the measurement limit at
the Rutgers testing facility). Hence the TF mode parasitic light is <0.1% /
80.5% = <0.1%.  (All other orders are even more strongly attenuated by
the filter, which is blocked at least as strongly as 10-4).

 iv. At 502 nm in LR mode, the FSR is 13 nm (again see the etalon 1052
report), so the next order up is at 515.2.  Filter 11 transmission at 515.2 is
1.2% thus the parasitic light in LR mode at 5022A is 1.2% / 80.5% =
1.49%.

23. Polarimetric Field of View (Post-delivery measurement)
a. No test was performed because of the delay in the delivery of the beamsplitter.



b. The polarimetric field of view was measured by comparing a flat-field image
taken through the waveplate blank, used in non-polarimetric imaging and
spectroscopic modes, and the waveplates.  The ratio of the flat-field images
showed that the linear mode (with the half-waveplate and a thin blank) is
unvignetted out to 7.3 arcminutes diameter assuming a pixel scale of 0.128
arcseconds (see item 1 on Image Field Size).  The circular mode with both
waveplates in is unvignetted to 2.8 arcminutes

24. Polarimetric Efficiency (Post-delivery measurement)
a. No pre-delivery test was performed because of the delay in the delivery of the

beamsplitter.
b. The polarimetric efficiency was estimated in spectroscopic mode using the 900

l/mm grating at 14.375Ε, the PC03850 order-separating filter, and the QTH lamp.
 i. Linear Polarization:  For linear efficiency, the lab slitlet mask, masked to

the polarization field and covered by a Polaroid, defined a 100% linearly
polarized set of spectra.  The beamsplitter and halfwave plate were
inserted and exposures taken at 8 angles corresponding to the “linear-hi”
sequence: 0, 45, 22.5, 67.5, 11.25, 56.25, 33.75, and 78.75Ε.  A rough
extraction of the E and O on-axis spectra was performed at two
wavelengths, 450 and 556 nm, and the quantity f = (E-O)/(E+O) fitted to
f0 Η cos 4 (Ρ-Ρ0 )  to evaluate the waveplate optic axis Ρ0 and efficiency f0.
We found f0 = 0.962 and 0.978 at 450 and 556 nm, respectively.  This may
be compared to a predicted waveplate efficiency of 0.987 and 0.992 at
these wavelengths. The predicted efficiency is lowest, 0.982, at 360 and
900 nm; if the actual efficiency is 1-2% lower, we still easily meet the
FPRD specification of 0.95.  The accuracy of this test is limited by the
lack of a beamsplitter baffle, a well-filled pupil, and by an unsophisticated
extraction.  It will be repeated at the telescope, for all wavelengths.

 ii. Circular polarization: For circular efficiency, the lab slitlet mask, masked
to the polarization field and covered by a circular Polaroid, defined a
100%  elliptically polarized set of spectra (the circular Polaroid gives pure
circular polarization only at one wavelength, roughly 550 nm, with
increasing amounts of linear polarization away from that wavelength).
The beamsplitter, halfwave plate, and quarterwave plate were inserted,
and exposures taken at 8 quarterwave plate angles, 0, 22.5, 45, 67.5, 90,
112.5, 135, and 157.5Ε.  A rough extraction of the E and O on-axis spectra
was made at 556 nm, and  f  fitted to f0 x [ Pl cos 4 (Ρ-Ρ0) + V cos 2 (Ρ-
Ρ0)], where Pl

2 + V2 = 1.  We found  f0 = 0.983, compared to the predicted
waveplate efficiency of 0.98.  The predicted low efficiency is 0.94 at 320
nm, well above the FPRD specification of 0.92.  The accuracy of this test
is limited by the lack of a broadband widefield circular polarizer.  A more
detailed calibration will require fabrication of such an element, which will
not be available for commissioning.

25. Instrumental Polarization
a. This test will be performed on the telescope.



26. Position Angle Repeatability (post-delivery measurement)
a. No pre-delivery test was performed.
b. Measurements of the position angle repeatability have been complicated by the

fact that the initial configuration of the waveplate encoders was such that their
precision was limited to a single step count of the rotation motor.  Because there
are only 2400 steps/revolution, the accuracy could be no better than 9 arcminutes.
Software changes allowed us to extract the encoder information explicitly from
the motion control card.  After this change, the waveplates were run in a sequence
of eight waveplate positions and the encoder positions recorded.  This was
repeated for a total of ten sets of sequences.  The average error for each waveplate
position was 3.4 encoder counts – at 81000 counts/revolution this is 0.015
degrees.  As the position angle changes by twice the rotation angle this
corresponds to a position angle repeatability of 1.8 arcminutes.  It appears, though
that much of the error may be systematic introduced by the method we use to read
the encoder and that the actual physical repeatability of the station positions,
which are set by the detent, is even better.

27. Transmission (post-delivery measurement)
a. No pre-delivery test was performed because of the delay in the delivery of the

beamsplitter.
b. The transmission of the beamsplitter was estimated in spectroscopic mode using

the 2300 l/mm grating at 50Ε,  the PC04600 order-separating filter, and the QTH
lamp.  The lab slitlet mask, masked to the polarization field and covered by a
polaroid, defined a 100% linearly polarized set of spectra.  With the waveplates
not inserted and the beamsplitter in, all light fell in one of the split spectra.  The
intensity with and without the beamsplitter was then compared at three
wavelengths, 630, 665, and 680nm, giving a beamsplitter throughput of 0.78,
wavelength independent.  Multiplying by the manufacture’s throughput
measurement for the transmission of one waveplate, 0.95, gives a net polarimetric
optics transmission of 0.74.  We expect the beamsplitter baffle to remove an
additional 5%, so the likely final value will be near the FPRD specification of
0.70.

28. Detector CTE
a. No pre-delivery test was performed.
b. Post-delivery Detector tests are described in detail in the PFIS Detector

Performance Report, by D. Carter (14 June 2005).  CTE tests were performed by
the Extended Pixel Edge Response method with the detector on FAINT/FAST
gain/readout setting.

 i. Serial CTE:

CCD A CCD B CCD C
Ch. 1 Ch. 2 Ch. 3 Ch. 4 Ch. 5 Ch. 6

0.999996 0.999997 0.999996 0.999991 0.999993 0.999992



 ii. Parallel CTE:

CCD A CCD B CCD C
0.999966 0.999967 Not measured

 iii. The E2V specification is minimum CTE of 0.999995.  The parallel CTE
results and three of the serial CTE results are not to this specification and
disagree with the results obtained by E2V, though the serial CTE all meet
the FPRD specification.  As the EPER method is a relative measurement
and E2V uses the Fe55 x-ray absolute method, it is recommended that the
E2V results should be accepted.

29. Full Well (post-delivery measurement)
a. No pre-delivery test was performed.
b. Post-delivery detector tests are described in detail in the PFIS Detector

Performance Report, by D. Carter (14 June 2005).    CCD full well was
established using the FAINT/FAST readout setting:

CCD A CCD B CCD C
Ch. 1 Ch. 2 Ch. 3 Ch. 4 Ch. 5 Ch. 6

163 ke- 181 ke- 174 ke- 176 ke- 170 ke- 153 ke-

30. Detector Sensitivity:
a. The specification and measured CCD QE in the table below.  The chips were

mosaiced in the detector package in preference of best blue QE at the blue end of
the dispersed light.

Wave-length
(nm)

Minimum
QE
(%)

Typical
QE
(%)

SALT
03
(%)

SALT
04
(%)

SALT
06
(%)

350 >40 50 79.9 66.5 50.4
400 >70 80 86.0 79.2 75.6
500 >75 80 85.0 79.6 81.8
650 >70 75 75.5 74.4 74.8
900 >45 50 45.4 46.8 48.7

1000 No
spec

No
spec

10.8 10.7 10.6

31. Dark Current (post-delivery measurement)
a. No pre-delivery test was performed.



b. Post-delivery detector tests are described in detail in the PFIS Detector
Performance Report, by D. Carter (14 June 2005).  Tests were conducted with the
cryostat mounted on PFIS.  Initial raw data indicates a “dark” current <1.5e-
/pixel/hour, but the instrument was not fully light tight when these tests were
performed, so the test is not totally reliable.  Significant improvements have been
made on the light-tightness of PFIS and further dark testing should be done on the
telescope.

32. Readout Noise & Gain:
a. The readout noise as measured for the various readout speed/gain combinations

are listed in the table below:

b. Post-delivery detector tests are described in detail in the PFIS Detector
Performance Report, by D. Carter (14 June 2005).  System gain and noise
performance:

System Gains in e-/ADU
CCD A CCD B CCD C

Ch. 1 Ch. 2 Ch. 3 Ch. 4 Ch. 5 Ch. 6
FAST/FAINT 5.04 5.38 5.53 5.24 5.30 4.81
FAST/BRIGHT 10.47 11.09 11.49 10.67 11.09 10.34
SLOW/FAINT 1.19 1.24 1.30 1.21 1.20 1.11
SLOW/BRIGHT 2.91 3.02 3.15 2.95 3.03 2.78

System Read Noise in e-

CCD A CCD B CCD C
Ch. 1 Ch. 2 Ch. 3 Ch. 4 Ch. 5 Ch. 6

FAST/FAINT 6.59 6.78 6.15 5.88 7.82 4.81
FAST/BRIGHT 10.20 10.68 9.82 9.18 10.81 9.57
SLOW/FAINT 2.46 2.42 2.33 2.43 2.91 2.50
SLOW/BRIGHT 3.74 3.78 3.62 3.56 4.14 3.54

33. Prebinning:
a. Detector system capable of prebinning from 1x1 to 9x9

34. Readout Speed:
a. Nominally 4us/pix FAST, and 10us/pix SLOW - this for 1x1 prebin.

Measurements not yet made for other prebin factors

Readout Speed/Gain Gain
(e-/ADU)

Noise
(e-)

FAST/FAINT 4.5 5.8
FAST/BRIGHT 9.3 9.0
SLOW/FAINT 1.1 3.0
SLOW/BRIGHT 2.4 3.5
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Figure 1: Best Focus position as a function of wavelength for various spectroscopy
configurations and FP Filters
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Figure 2: Spectrum of HgAr lamp with G3000 grating at Phi=65.500 degrees.  The slitmask used
had 0.3 arcsecond slits in it, thus producing resolving powers of nearly 9000, consistent with
expectations.



Figure 3: Grating Efficiency curves.  For the VPH gratings, the best-fitted Kogelnik efficiency is
overplotted.


