
Etalon 1052 Measurements

I. History

Etalon 1052 is the lowest resolution etalon for SALT PFIS.  It provides single-etalon
tunable filter and low resolution modes, and also serves as the order-selecting etalon in
medium and high resolution modes.  The required characteristics for the etalon were
developed in consultation with the SALT Science Working Group and through the PDR
process, with input from the vendor, ICOS, about the feasibility of the proposed
specifications.  The final specifications for the etalon are listed in Table 1.  ICOS
submitted a quotation for the system on December 12, 2001.  The etalon was ordered on
January 14, 2002.

Table 1    Low Resolution Etalon Specifications
clear aperture 150 mm
surface quality _/100 at 650 nm
finesse approximately 30 at 650 nm
reflector coating 90% ± 4% from 430 nm to 860 nm
spectral resolution tunable from 500 to 1000 at 650 nm
  (implied gap) 5.4 to 10.8 microns
gap tolerance ± 1 micron
glass reference capacitor
outer surface AR coating <1% from 430nm to 680 nm

During the construction of the etalon, we entered into an extended discussion with ICOS
about possible re-design of the etalon end plates to minimize the size of the mounting
fixtures, in view of the limited space available in the axial direction in the collimated
beam in PFIS.  In the end, ICOS confirmed that their original specification of the height
of the etalon was in error, so no re-design was necessary.  This process added
significantly to the time required to manufacture the etalon.  The etalon was essentially
completed in November 2003, but one of the anti-reflection coatings developed a stain
from an unknown cause.  Figure 1 shows an image of the stained coating.  After
monitoring the evolution of this stain, ICOS determined that the AR coating had to be
stripped off and the etalon re-coated.  This was done, the etalon was re-assembled and
tested, and shipped to Rutgers on March 9 2004.

When the etalon was inspected on receipt at Rutgers, we discovered that one of the
rubber pads located between the top glass surface of the etalon and the metal end plate of
the etalon housing had slipped out of position during shipment.  After discussion with
ICOS, it was determined that we should not attempt to repair this problem, and that an
ICOS representative would travel to Rutgers to inspect and repair the etalon.  Chris
Pietraszewski visited Rutgers from March 23-25 with a re-designed end plate and new
pad system to install on the etalon.  On inspection, it was discovered that vibration during
shipment after the pad had slipped out of position caused one of the optical bonds
between a piezo element and the etalon plate to open.  Figure 2 shows the disassembled
etalon: the rubber pads are to the left of the etalon; the broken optical bond is indicated



by the colored fringes of the piezo element near the 12 o’clock position on the etalon.
The broken bond required shipping the etalon back to ICOS for repair.  The repaired
etalon was received at Rutgers on May 13 2004.

Figure 1  Etalon AR coating stain

Figure 2  Disassembled Etalon at Rutgers



II. Test Apparatus

The test station at Rutgers consists of a pair of 1200 mm focal length 150 mm aperture
telescopes arranged as a collimator and camera.  The etalons are mounted on a slide that
positions them in the collimated beam.  The light source is a 100 w quartz halogen lamp.
The transmitted light is fed to an integrating sphere that illuminates the entrance slit of a
0.5m spectrograph, with three gratings that provide FWHM spectral resolution of 2.5 Å,
0.8 Å, and 0.4 Å over the wavelength range 4000 – 9000 Å.  The detector on the
spectrograph is an 1100 x 330 pixel thinned back-illuminated Site ST001 CCD.  The
detector is cooled to 55 C below ambient temperature and run in MPP mode to minimize
dark current.  Figure 3 shows the test set and Figure 4 shows etalon 1052 mounted in the
test set.

Figure 3 Test Set

Figure 4 Etalon 1052 in test set



III. Test Results

Since the gap of the low resolution etalon is designed to be very small, the piezo
actuators have enough range to change the gap by about a factor of two, appreciably
varying the etalon’s spectral characteristics.  We plan to operate the low resolution etalon
in two modes, near its smallest and largest gap, and have thus tested it at both settings.
The two settings are distinguished by the Z axis coarse setting on the controller, Zc +4 for
the larger gap and Zc +1 for the smaller.  We plan to name these operating modes TF
(tunable filter) for the lower resolution, smaller gap and LR (low resolution) for the
higher resolution, larger gap.  The measured properties of the etalon in these two modes
are presented in Tables 2 and 3.

Table 2  LR Mode Properties

Wave FWHM FSR Finesse Resolution Gap X offset Y offset
(Å) (Å) (Å) (_)

4264.80 11.73 89.3 7.6 364 10.18 -30 -85
4354.12 6.21 93.1 15.0 701 10.18 -30 -85
4446.05 6.60 100.0 15.2 674 9.88 0 -110
4549.46 7.03 106.5 15.1 647 9.72 0 -110
4658.86 6.99 112.2 16.1 667 9.67 -10 -110
4773.68 6.12 117.6 19.2 780 9.69 -10 -110
4894.06 6.30 123.6 19.6 777 9.69 -10 -110
5020.79 6.77 130.1 19.2 742 9.69 -10 -110
5153.71 7.10 136.9 19.3 726 9.70 -10 -110
5297.43 7.06 143.8 20.4 750 9.76 -20 -95
5442.13 6.98 150.8 21.6 780 9.82 -10 -105
5598.96 7.51 158.4 21.1 746 9.90 -20 -95
5759.64 8.58 166.3 19.4 671 9.97 -15 -100
5932.34 9.58 173.6 18.1 619 10.14 -30 -90
6111.67 8.78 179.3 20.4 696 10.42 -40 -80
6298.29 7.91 181.7 23.0 796 10.92 -65 -60
6495.52 8.34 182.8 21.9 779 11.54 -110 -30
6677.60 8.75 182.3 20.8 763 12.23 -100 -5
6866.46 9.29 184.1 19.8 739 12.81 -125 20
7054.92 9.66 192.1 19.9 730 12.95 -135 35
7248.41 9.77 206.6 21.1 742 12.72 -125 15
7467.82 10.25 224.1 21.9 729 12.44 -125 5
7697.36 10.95 240.7 22.0 703 12.31 -120 -10
7948.84 11.98 256.0 21.4 664 12.34 -125 0
8210.64 12.87 272.5 21.2 638 12.37 -120 -5
8492.25 15.88 294.0 18.5 535 12.27 -120 -5
8798.63 18.19 322.1 17.7 484 12.02 -120 -5
9131.92 27.41 337.9 12.3 333 12.34 -110 -15



Table 3  TF Mode Properties

Wave FWHM FSR Finesse Resolution Gap X offset Y offset
(Å) (Å) (Å) (_)

4408.75 15.95 232.7 14.6 276 4.18 -112 40
4641.44 18.23 248.1 13.6 255 4.34 -100 25
4905.00 16.63 280.4 16.9 295 4.29 -112 33
5202.18 18.88 311.6 16.5 276 4.34 -112 33
5528.12 19.12 344.1 18.0 289 4.44 -120 40
5890.43 23.53 374.4 15.9 250 4.63 -112 45
6277.01 19.73 383.8 19.5 318 5.13 -165 85
6658.00 20.33 350.4 17.2 327 6.33 -250 140
6977.83 18.74 328.3 17.5 372 7.42 -290 180
7314.61 18.47 362.8 19.6 396 7.37 -280 160
7703.46 20.93 420.6 20.1 368 7.05 -245 140
8155.90 25.14 479.3 19.1 324 6.94 -255 150
8662.14 30.93 506.2 16.4 280 7.41 -220 150

A. Coatings

We do not have facilities to test the reflector coatings or the AR coatings at Rutgers, and
show here the curves supplied by ICOS.  The high reflector coating curve  (Figure 5)
shows that the reflector coatings provide 90 –3 +2 % (peak-to peak) reflectivity over the
operating wavelength range, better than the specification. The AR coatings of the top
plate (Figure 6) and bottom plate (Figure 7) provide ≤ 1% reflectivity over most of the
wavelength range, with minor failures to meet specification from 830 to 860 nm on the
top plate and 600 to 650 nm and 850 to 860 nm on the bottom plate.  We do not deem
these small failures to meet specification significant, and they should not have an
appreciable effect on the system efficiency.

Figure 5  High reflection coating transmission



Figure 6  Top Plate Anti-Reflection Coating

Figure 7  Bottom Plate Anti-reflection Coating

C. Free Spectral Range

The free spectral range (FSR) is the spacing between successive transmission peaks of
the Fabry-Perot.  The FSR is measured by illuminating the etalon with white light,
recording the transmitted spectrum, and measuring the wavelengths of the peaks.  There
are 13 orders in the operating range in TF mode, and 26 orders in LR mode.  The  FSR
measurements are presented in Tables 2 and 3 above, and shown in Figures 8 and 9.  In
an ideal etalon, the FSR should vary as the square of the wavelength when the gap is held
constant.  The inflection in the FSR between 6200 and 7200 Å indicates that the effective
gap changes in this region (see section D below).  The curves in figure 8 are the expected
FSR of an ideal etalon for gaps of 9.7 (red curve) and 12.3 microns (green curve); those
in Figure 9 are for gaps of 4.3 (red curve) and 7.3 microns (green curve).



Etalon 1052  Zc=+4

50

100

150

200

250

300

350

400

4200 5200 6200 7200 8200 9200

Wavelength (A)

Fr
ee

 S
pe

ct
ra

l R
an

ge
 (A

)

Figure 8  Free Spectral Range in LR Mode
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Figure 9  Free Spectral Range in TF Mode



D. Effective Gap and Parallelism

The gap between the reflecting plates is equal to _2 / (2 FSR).  The gap calculated from
our measurements is listed in Tables 2 and 3 and shown in Figures 10 and 11.  The
effective gap is nearly constant (as expected) at short wavelengths, then increases in the
6000 to 7500 Å range, and then is roughly constant again at a larger value at long
wavelengths.  The gap at 6500 Å is 11.5 and 6.3 microns in LR and TF modes,
respectively, within the 1 micron tolerance of the specifications.
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Figure 10  Effective Gap in LR Mode
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Figure 11  Effective Gap in TF Mode



Discussion with ICOS confirms that this variation of the effective gap with wavelength is
approximately what is expected for the complex high reflector coatings needed to achieve
the broad bandwidth of our specification.  We have also discovered that there is a
parallelism effect related to the coating variations.  The X and Y motions of the controller
adjust the parallelism of the etalon plates.  The optimum settings of the parallelism result
in the narrowest FWHM and most symmetric spectral profiles of the etalon’s
transmission.  These optimum settings are listed in the “X offset” and “Y offset” columns
in Tables 2 and 3, and shown in Figures 12 and 13.  According to ICOS’ calibration, 1
offset unit corresponds to 4.9 Å of plate motion.  The character of the parallelism
adjustments is the same as that of the gap variation: nearly constant at short and long
wavelengths, and varying in the 6000 – 7500 Å range.
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Figure 12  Parallelism Settings in LR Mode

Etalon 1052  Zc=+1

-300

-250

-200

-150

-100

-50

4250 5250 6250 7250 8250

Wavelength (A)

 

Etalon 1052  Zc=+1

0

50

100

150

200

4250 5250 6250 7250 8250

Wavelength (A)

Figure 13  Parallelism Settings in TF Mode

E. Plate Flatness

We have measured the shape of the etalon plates by reducing the illuminating aperture in
the collimated beam to 25 mm diameter, and then measuring the peak of the transmission
profile at each of seven places equally spaced along the Y axis of the etalon, and then
rotating the etalon 90˚ and taking the same measures along the X axis.  The
measurements were made at three wavelengths in LR mode.  The measured wavelengths
were corrected for temporal drift of the etalon (maximum effect of 0.75 Å).  Rotating the



etalon systematically shifts the central wavelength by about 3.5 Å, possibly due to flexure
in the etalon or the test set.  The effective gap at each position is calculated from the
measured wavelength using the relation D = n _ / 2, where D is the gap and the effective
order, n, is calculated from the data in Table 2.  The variation of this gap from its central
value measures the plate flatness.  The results are listed in Table 4 and plotted in Figure
14.  It is interesting to note that although the plates were tipped by typically 500 Å in
both the X and Y axes to maintain the parallelism over this wavelength range, the
measured gaps agree to within ±20 Å.  Thus we seem to be measuring the underlying
plate shape, after correcting for the coating effects.  The plates show a curvature in the X
direction with ~200 Å total amplitude, and are flat to within ±10 Å over most of their
aperture in the Y direction, with a turned-down edge of about 60 Å on the negative Y
side.  The RMS deviation of the plates is 62.9 Å at 6490 Å, or _/103, meeting the
specification.  Weighting by the area of annular sectors, the weighted RMS deviation is
79.7 Å, or _/81.  The maximum deviation is 170 Å or _/38.  The fwhm of the profile is
better in these restricted apertures than averaged over the entire etalon surface (see
section F below), as expected with the observed large-scale departures from flatness.  The
fwhm of the profiles is worst at the extreme radial positions, indicating that the 25 mm
measuring aperture is too large to fully resolve the shape of the plate curvature at the
edges, and the gap deviation at the edges of the etalon is probably larger than measured
here.

Table 4  Plate Flatness

Pos. 5000 6500 8500
_ fwhm _ Gap _ fwhm _ Gap _ fwhm _ Gap

(mm) (Å) (Å) (Å) (Å) (Å) (Å) (Å) (Å) (Å)
X

-62 5013.5 8.84 -214.2 6478.3 10.22 -169.8 8482.9 15.89 -154.7
-42 5019.6 7.59 -98.2 6484.3 8.23 -63.0 8489.5 15.82 -60.0
-21 5022.9 5.30 -33.3 6486.9 9.93 -16.3 8492.7 14.07 -14.2
0 5024.7 5.42 0.0 6487.9 7.01 0.0 8493.7 14.10 0.0
21 5023.3 5.54 -25.4 6487.0 6.65 -15.4 8492.3 14.33 -19.1
42 5021.5 5.55 -60.9 6485.5 7.43 -41.3 8490.3 15.20 -48.2
62 5017.6 7.29 -136.5 6480.8 8.55 -124.6 8483.4 16.78 -148.3

Y
-62 5025.1 6.94 -58.1 6488.2 6.96 -61.6 8494.1 14.52 -39.0
-42 5026.8 5.36 -25.2 6490.5 6.30 -20.4 8496.3 14.06 -10.2
-21 5027.7 5.16 -8.4 6491.4 6.41 -5.5 8496.6 13.81 -3.7
0 5028.1 5.06 0.0 6491.7 6.50 0.0 8496.8 13.78 0.0
21 5027.1 4.95 -18.3 6490.9 6.48 -14.6 8496.6 13.83 -3.4
42 5027.3 5.31 -16.0 6491.4 6.40 -5.5 8496.9 13.78 1.3
62 5027.2 5.56 -18.2 6490.8 6.66 -19.2 8495.6 13.99 -18.4
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Figure 14  Plate Flatness

F. Spectral Resolution

When adjusted for optimum parallelism, the transmission spectral profile of the etalon is
well fit by a Voigt function; Figure 15 shows a sample fit.  The FWHM of the Voigt fits
is listed in Tables 2 and 3, and the spectral resolution (_/FWHM) is listed there and
plotted in Figures 16 and 17.  The resolution at 6500 Å is 779 in LR mode and 325 in TF
mode, both less than the specification (1000 and 500, respectively).

Figure 15  LR Mode Spectral Profile
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Figure 16  Spectral Resolution in LR Mode
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Figure 17  Spectral Resolution in TF Mode



G. Finesse
The finesse is the ratio of the FSR to the resolution, and is listed in Tables 2 and 3 and
plotted in figures 18 and 19.  The finesse at 6500 Å is 21.9 in LR mode and 18.0 in TF
mode, both less than the specification of 30.  The expected finesse of an etalon depends
on the reflectivity of the high reflection coatings and the flatness of the plates.  The
“reflectivity finesse” is Nr = " R1/2 / (1 – R) where R is the reflectivity; for our design
reflectivity of 90%, Nr = 30.  The “defect finesse” is Nd = m / 2 where m is the plate
flatness in waves (_ / m).  The total finesse is then N = (Nr

-2 + Nd
-2)-1/2.  Calculating the

expected finesse using the above formula with the reflectivity in Figure 5 and the
weighted RMS flatness of _/81 at 6500 Å from Section D yields the green curve in Figure
18.  The variations in reflectivity reproduce the shape of the finesse curve very well, but
the defect finesse is underestimated using the weighted RMS flatness.  Since the actual
defect finesse depends on a convolution over the actual plate shape, it is not surprising
that the simple formula used above is not exact.  Treating the plate flatness parameter as a
variable, and fitting to obtain the best agreement with the measured finesse curve yields a
value of _/59.7 at 6500 Å, producing the red curve in Figure 18.  Given the quality of this
fit to the measurements, this may be the best definition of the “effective flatness” of the
plates.
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Figure 18  Finesse in LR Mode
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Figure 19  Finesse in TF Mode

H. Transmission

The transmission is measured by taking a spectrum through the etalon, and then sliding
the etalon holder to its second position, with an identical aperture, but without the etalon,
and taking another spectrum.  The ratio of these spectra provides the transmission profile.
The power supply to the lamp is highly regulated so the temporal variation of the source
brightness is negligible; this was confirmed by repeated cycles of the above
measurements.  Sample transmission profiles are shown in Figures 15 and 20.  The
measured peak transmissions are listed in Table 5.  All orders were measured in TF
mode, selected orders in LR mode.

Table 5  Peak Transmission

_ (Å) Trans (%) _ (Å) Trans (%) _ (Å) Trans (%)
TF Mode

4414.1 66 5532.2 58 7318.7 77
4638.9 68 5885.0 72 7701.7 78
4907.2 57 6274.4 63 8157.8 81
5202.3 62 6654.6 63 8662.3 83

6987.1 75
LR Mode

5024.6 60 6484.5 67 8493.2 83



Figure 20  Transmission Profile in TF Mode

I. Wavelength Calibration

The etalon is scanned in wavelength by changing the Zoffset in the controller.  The
scanning range (-2.048 to +2.047 in Zoffset) is sufficient to cover several free spectral
ranges, but we plan to use the minimum range required (one free spectral range) in order
to keep the largest gap possible in LR mode, and the smallest gap in TF mode.  Thus we
have measured all orders in both modes, and present the results in Table 6.  Column 1
contains the central wavelength of the order (at Zoffset = -1.000 in TF mode and Zoffset =
+1.500 in LR mode).  Columns 2-4 contain the coefficients of the polynomial fit _ = A +
B Zoffset + C Zoffset

2.  Column 6 has the RMS scatter of the measurement about this fit.
Over the Zoffset ranges measured (-1.250 to -0.750 in TF mode, 1.000 to 2.000 in LR
mode) a quadratic polynomial provides an excellent fit, with residuals less than 1/120 of
the FWHM in TF mode and less than  1/220 of the FWHM in LR mode.  (Our experience
suggests that if we were to scan over the full Zoffset range a cubic polynomial would be
needed.)  We expect that the B and C coefficient values measured here should be very
stable, but that the A coefficient value will vary with time, temperature, humidity and
other environmental factors (see section J).



Table 6  Wavelength Scanning Calibration

_ (Å) A B C __ (Å)
TF Mode

4408.86 4938.568 609.239 79.535 0.121
4640.94 5164.059 535.240 12.123 0.138
4905.05 5452.548 556.222 8.720 0.133
5200.26 5759.896 550.513 -9.119 0.151
5528.18 6104.375 567.178 -9.014 0.111
5890.66 6452.734 528.459 -33.618 0.206
6277.13 6768.774 428.178 -63.462 0.124
6632.16 7038.471 328.894 -77.414 0.355
6978.06 7400.722 410.402 -12.261 0.255
7305.52 7805.822 528.035 27.737 0.272
7703.45 8239.473 542.404 6.380 0.178
8155.86 8709.740 553.640 -0.239 0.192
8662.10 9295.461 660.629 27.265 0.213

LR Mode
4248.46 3972.735 172.403 7.610 0.033
4335.92 4045.107 180.468 8.940 0.052
4426.67 4108.993 203.140 5.761 0.078
4531.62 4192.978 221.195 3.043 0.033
4643.26 4287.860 236.014 0.612 0.031
4770.40 4406.258 242.037 0.484 0.048
4893.77 4520.727 247.590 0.736 0.016
5014.81 4631.059 255.558 0.183 0.028
5151.95 4755.077 266.196 -1.078 0.049
5296.07 4888.818 274.106 -1.736 0.029
5447.50 5032.809 278.528 -1.377 0.018
5607.90 5183.949 284.986 -1.567 0.027
5780.53 5346.350 292.538 -2.056 0.030
5956.53 5507.818 307.629 -5.658 0.037
6139.06 5685.262 314.542 -8.009 0.031
6334.59 5880.721 317.849 -10.178 0.044
6530.35 6079.308 321.214 -13.677 0.035
6726.25 6298.984 300.791 -10.633 0.045
6920.48 6516.716 275.163 -3.993 0.100
7113.07 6715.446 261.068 2.678 0.131
7316.00 6903.313 266.506 5.744 0.054
7537.41 7096.003 288.906 3.576 0.096
7781.17 7313.047 311.120 0.642 0.051
8038.65 7555.565 323.596 -1.025 0.087
8313.76 7818.564 329.796 0.221 0.086
8609.67 8099.005 334.654 3.859 0.089
8931.41 8392.340 351.032 5.564 0.201



J. Stability

We have measured the wavelength stability of the etalon in each of the operating modes
by taking a series of spectra over a period of more than 24 hours.   The data are presented
in Table 7 and Figures 21 and 22.  During these measures the etalon and controller were
undisturbed mechanically and electrically (mostly) and the environmental conditions
were approximately constant.  During the LR testing there was a power failure between
hour 2 and 3, which caused the controller to reset, and resulted in an abrupt 3 Å jump in
the wavelength.  Otherwise the wavelength drifts were smooth and typically less than 1 Å
per hour.  Over the entire period of measurement, the wavelength fluctuations in LR
mode were 2.15 Å RMS, and 2.38 Å RMS in TF mode.  This drift corresponds to the A
calibration coefficient discussed in the previous section.  Our experience with previous
ICOS etalons and controllers is in good agreement with these measurements.  The
FWHM fluctuations over the entire period were 0.33 Å RMS in LR mode, and 0.75 Å
RMS in TF mode.

Etalon 1052  LR Mode Stability

6678

6679

6680

6681

6682

6683

6684

6685

6686

0 5 10 15 20 25 30

Elapsed Time (hours)

W
av

el
en

gt
h 

(A
)

Figure 21  Etalon 1052 Stability - LR Mode



Etalon 1052 TF Mode Stability
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Figure 22  Etalon 1052 Stability - TF Mode
Table 7  Stability

LR Mode TF Mode
Time (hr) _ (Å) FWHM (Å) Time (hr) _ (Å) FWHM (Å)

0.07 6682.87 9.17 0.05 5527.73 18.97
1.03 6682.88 9.19 0.13 5527.68 18.92
1.97 6681.95 8.87 0.43 5527.63 19.01
3.26 6678.97 8.80 0.53 5528.83 19.29
4.33 6678.64 8.56 0.94 5528.68 19.46
21.07 6685.56 9.64 1.42 5526.59 18.96
22.89 6683.53 9.01 1.86 5525.05 18.61
24.23 6683.00 8.90 2.27 5524.21 18.44
25.57 6682.08 8.86 21.53 5521.55 17.14
26.91 6680.12 8.52 22.03 5524.76 17.74

23.36 5525.49 18.28
24.33 5524.86 17.99
24.96 5523.81 17.77
26.31 5521.47 17.17

K. Discussion



Etalon 1052 meets or exceeds most of the performance specifications.  The high reflector
coatings exceed specification and the anti-reflection coatings meet specification with only
very minor exceptions.  The bi-modal behavior of the effective gap, with its effect on
parallelism, resolution, and free spectral range, was unanticipated.  There was no
specification on the constancy of effective gap, and the gap is within specification at the
specified wavelength of 6500 Å.  Subsequent discussions with ICOS and between ICOS
and the coating vendor report:

“The design process and optimisation is controlled to preferentially have the
thicker layers nearer the substrate with the thinner ones towards the top or surface
of the coating. I am told that this is standard industry practice that minimises
internal coating stresses as it is thought to progressively reduce the stress in each
layer and prevent delamination. It appears to be some sort of impedance matching
process. Thicker layers will reflect longer wavelengths and penetrate deeper into
the coating and as a consequence the shorter wavelengths are reflected nearer the
surface. This is what we have found in terms of the apparent gap. An additional
impetus for having the thinner layers near coating surface is that these
wavelengths will suffer less scatter to which they are more prone if they do not
have to penetrate further into the coating.”

Thus the results of our measurements are confirmed by the vendor, and there are valid
reasons for this coating design.  It is unfortunate that the region of maximum variation in
the effective gap is at the wavelength of the H_ line, arguably the most important region
in the etalon’s spectral range, but since this is the midpoint of the specified wavelength
range, it would be hard to avoid even if we had been aware of the design in advance.  The
effect of the wavelength dependent parallelism setting is an annoyance and will be dealt
with in the operating software, but should not degrade the performance of the system.
Since a typical wavelength scan is less than 50 Å (usually much less), the operating
procedure will be to set the parallelism settings to the appropriate values for the center of
the scan, and there will be no need to vary the settings over the scan range.  We will need
to investigate the stability of the parallelism settings in the SALT environment during
commissioning.  We suspect that they will be very stable, since it is an effect of the
physical structure of the coating layers.  Thus we expect that we should be able to
determine the calibration of the X and Y offset settings as a function of wavelength and
not need to re-determine these values each time the FP system is used.  We had already
planned to provide software and operating procedures to optimize the X and Y settings,
so no additional coding is involved.

The plate flatness is within or near specification, depending on interpretation.  We did not
specify exactly how the _/100 flatness specification was to be measured, and the RMS
deviation across the surface is a standard and normal way to assess the flatness; the
measured _/103 RMS performance meets specification.  As shown by our measurements,
we failed to anticipate the contribution to the defect finesse that this flatness would
produce, and thus the etalon does not achieve our goals for spectral resolution and finesse
even though it meets our specifications.  The spectral resolution is 70 to 80% of the
expected value of 1000 in LR mode, and since the etalon is at its maximum gap, this
resolution cannot be increased.  Since the goal of resolution 1000 was somewhat
arbitrary, failing to provide this resolution with this etalon will probably not severely



impact the science programs that will use this mode, and higher resolution is provided in
MR mode.  The lower than expected resolution in TF mode is actually a bonus, since we
were aiming at getting as low resolution as possible without running the plates into one
another.  If resolution 500 is essential, it can be achieved by operating the etalon with the
plates at a 20-30% greater spacing than that in TF mode; we do not plan to calibrate such
a mode at the present time, however.

The transmission of the etalons was not included in the specifications.  Our PDR
documentation gave a goal of 75 – 80%.  The goal is met or exceeded at wavelengths
from 7000 to 9000 Å, but the shorter wavelengths exhibit lower transmissions, from 60 –
75%.  This is probably due to the relatively larger effect of the defect finesse at short
wavelengths (a given physical distortion of the plates is a larger number of waves at
shorter wavelengths).

The wavelength calibration and stability results are in agreement with our expectations
based on previous FP systems.  We plan on taking calibration exposures at hourly
intervals during observations, and it seems that this will provide an adequate
measurement of the wavelength drift of the etalon.  The actual stability is likely to be
heavily dependent on the environmental conditions at the telescope, so we will not be
able to determine the required frequency of calibrations until commissioning at SALT.

In summary, although we are mildly disappointed in the resolution and finesse of the
etalon, it is within specification and should be accepted.


