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Publications

� Eric attended the American Astronomical Society meeting in Washington, DC, January 7-10,
2002, and presented the poster "The Prime Focus Imaging Spectrograph for the Southern African
Large Telescope"  Nordsieck, K.H., Burgh E.B., Kobulnicky, H.A., Williams, T.B.,
O'Donoghue, D., Percival, J.W., Smith, M.P.  (to appear in American Astronomical Society
Meeting, Vol 199, #102.04)

� Four abstracts (attached) were submitted to the Kona SPIE meeting.

Optics

� The CCD's have been ordered.

� The etalon order is being processed in the RU Purchasing department.

� Continuing work with ZEMAX:
- analyzing resolution and centroid  motion with a realistic seeing disk and various slit

widths
- analyze the sensitivity of centroid shift to tilt and axial position of polarimetric

waveplates (in support of waveplate mechanism design, below)

� Continuing contact with instrument scientists/principal investigators of other similar large
telescope instruments to discuss optical manufacturing, procuring, and mounting issues.

Mechanical

� The Swales PDR FEA model has been successfully imported into IDEAS, and the Swales
flexure results have been verified, to within the errors of the modeling.

� The latest IDEAS PFIS full-up structural model now includes:

- The new interface philosophy: kinematic in X-Y, and non-kinematic (12 Z pads) in Z,
with the interface ring at the focal plane.

- We have been able to return to an all Invar structure to simplify the design and
manufacture (for a while we had a composite interface ring to take up the new X-
Y loads caused by the X-Y kinematic mount). 

- The camera articulation arms have been redesigned to minimize flexure (a big problem
in the Swales PDR structure) 



- The interface to PFIP has been remodeled to more closely resemble the actual interface
- a circular beam structure with 3 hard points. 

- The image motion is now within spec for the worst case. 
- The mass of the structure is approx 15kg lighter than the PDR structure.

� Wave Plate Mechanism: Design has started on the wave plate mechanism. As described in the
October '01 monthly report, the 1/4 wave plate will now be a monolithic 60mm plate, with a
reduced field of view of 3.9 arcmin, while the 1/2 wave plate will be the originally planned 4-
mosaic 105 mm in diameter, which accommodates the full SALT FOV.  (This saves about
$70,000, and brings the waveplates in well below the PDR budget).  Because a smaller 1/4 wave
plate is being used, the two plates cannot be permanently mounted together as in the PDR
design, and  the overall design has needed to be changed significantly. The 1/4 wave plate will
now be on a 3 position slider. At present we are investigating how best to drive this mechanism -
both for rotating the plates and for linear positioning of the sliders. Choices here will set the
motion control philosophy for the rest of the instrument.

Control

� We have evaluated the Smartmotor integrated motor concept, using Labview and a loaner
Smartmotor "kit".  Based on this, we do not currently favor this option, because of thermal issues
with the motors and the limited choice of motor sizes.

� We have started simulation coding on Labview, both for purposes of learning, and to work
towards a CDR Labview control system design using simulated PFIS mechanisms

Management

� The PFIS web site has been taken over by Jeff Percival is about to be  moved to
http://www.sal.wisc.edu/.  The PFIS document library, including all numbered PFIS documents
and current SALT documents, will be accessible on the new web site.

� Jeff Percival attended a Project Management school  at CalTech for physics/ astronomy
instrumentation projects.



Activities for the next month

UW:
� Finish the post-PDR concept design iteration, including

revision of the truss design in cooperation with SALT personnel
increasing the fidelity of the weight budget, especially lens mounts

� Mechanism designs
continue waveplate mechanism design
next mechanism: slitmask

� Develop a detailed schedule for the optics critical design, including
thermal analysis
mounting tolerance analysis
lens holder / optical fabrication design and fabrication plan
coating strategy

� Continue defining interface details
mount point stiffness specifications for the ICD
electronic cable and pneumatic hose requirements for ICD

� Controls
better define the control block diagram



SPIE '02 Abstracts

The Prime Focus Imaging Spectrograph for the Southern African Large Telescope: Optical
Design

Eric B. Burgh, Kenneth H. Nordsieck, Henry A. Kobulnicky, Ted B. Williams,
Darragh O'Donoghue, Michael P. Smith, and Jeffrey W. Percival

The University of Wisconsin -  Madison, together with Rutgers University  and the South
African Astronomical Observatory, is designing and building  an imaging spectrograph for the
Prime Focus Instrument Package of the  Southern African Large Telescope (SALT).  The Prime
Focus Imaging   Spectrograph (PFIS)  will be a versatile instrument specializing in very  high
throughput, low and medium resolution (R = 500-- 12500) imaging  spectroscopy, using volume
phase holographic (VPH) gratings and a double  etalon Fabry- Perot interferometer, and
spectropolarimetry from 3200 to  9000 A.  The optical design includes all transmissive optics for
high  efficiency and compactness.  To maintain throughput in the ultraviolet,  only fused silica
and UV crystals, including CaF2, BaF2, and NaCl,  are used.  As NaCl is very hygroscopic, the
design uses NaCl as the inner  element in sealed triplets only.  For the highest possible first-
order  spectral resolution, the collimated beam size is 150 mm --  the maximum for  practical
Fabry- Perot etalons.  The F/2.2 camera can be articulated to  tune the efficiency of the VPH
gratings; a complement of six gratings (5  VPH and 1 standard transmission grating) has been
designed to fill the  resolution- wavelength space available to the instrument.  Linear,  circular,
and all- stokes spectropolarimetry will be performed through the  use of Pancharatnam
superachromatic waveplates and a Wollaston  beamsplitter.

The Prime Focus Imaging Spectrograph for the Southern African Large Telescope: Operational
Modes

Henry A. Kobulnicky, Kenneth Nordsieck, Eric B. Burgh,  Mike P. Smith, Jeffrey W. Percival     
  (Space Astronomy Laboratory, University of Wisconsin,  475 N. Charter St., Madison, WI
53706)         
Ted Williams (Department of Physics & Astronomy, Rutgers, Piscataway, NJ 08855) 
Darragh O'Donoghue (South African Astrophysical Observatory 7935, South Africa)

The Prime Focus Imaging Spectrograph (PFIS) will be the workhorse first-light instrument on
the Southern African Large Telescope (SALT).Scheduled for commissioning in late 2004, PFIS
is a versatile high-throughput imaging spectrograph with a complement of 5 volume-phase
holographic gratings for spectroscopic programs from 3200A to 9000A at resolutions of R=1500
to R=6000.  A magazine of 6 longslits and 30 custom laser-milled slitmasks enables single- or
multi-object spectroscopy over an 8 arcminute diameter field.  With the gratings stowed, a dual-
etalon Fabry-Perot subsystem enables imaging spectroscopy at R=500, R=3000, and R=12,500. 
The polarization subsystem, consisting of a polarizing beam-splitter used in conjunction with
half- and quarter-wave plates, allow linear or circular polarimetric measurements in ANY of the
spectroscopic modes.  Three mosaiced rapid-readout frame-transfer CCDs provide the capability



for time-resolved sampling at rates in excess of 10 Hz.  Combinations of these subsystems
permit novel observing modes for specialized scientific programs.  Examples include high-time
resolution multi-object spectral polarimetry of accreting compact objects, and Fabry-Perot
polarimetry or imaging spectral polarimetry of nebulae and stellar clusters.  The demands of
queue-scheduled observing on a fixed-altitude telescope require that the instrument be capable of
rapid reconfiguration between modes.

The Prime Focus Imaging Spectrograph for the Southern African Large Telescope: Structural
and Mechanical Design 

Michael P. Smith, Kenneth H. Nordsieck, Eric B. Burgh Jeffrey W. Percival Henry A.
Kobulnicky, Kurt P. Jaehnig
(Space Astronomy Laboratory University of Wisconsin - Madison )

The Prime Focus Imaging Spectrograph (PFIS) is a first light instrument for the Southern
African Large Telescope (SALT). PFIS is a versatile instrument designed to operate in a number
of scientific modes by utilizing volume phase holographic gratings, Fabry-Perot etalons, and
polarimetric optics, which are manipulated in and out of the beam using various placement
mechanisms. The instrument will be mounted at the prime focus, lying 30m above the primary
mirror and tilted at 37°. This remote placement and the need for 240° of rotation about the
optical axis raises important design issues with mass, flexure and access. The instrument
structure provides the interface to the telescope Prime Focus Instrument Platform (PFIP) as well
as support points for all the optics, mechanisms and electrical equipment. The structure is a
welded open truss of hollow, square-section Invar beams. The open truss provides the highest
stiffness to weight ratio and minimizes the effect of wind loading, while the use of Invar negates
the effects of thermal expansion. It has been designed using finite element analysis in
conjunction with an optical tolerance analysis of the optics nodes to minimize effective image
motion under the varying gravity load. The fundamentals of the design of the structure to
minimize the flexure and its effect on image motion, the motivation for using the open Invar
truss structure, and the design of the remotely operated mechanisms are discussed. 

Instrumentation for High-Resolution Spectropolarimetry in the Visible and Far-Ultraviolet.

Kenneth H. Nordsieck,  Kurt P. Jaehnig, Eric B. Burgh, Henry A. Kobulnicky, Jeffrey W.
Percival, Michael P. Smith
(Space Astronomy Laboratory, University of Wisconsin, Madison, WI 53706)

Linear spectropolarimetry of spectral lines is a neglected field in astronomy, largely because of
the lack of instrumentation.  Techniques that have been applied, but rarely, include investigation
of the dynamics of scattering envelopes through the polarization of electron- or dust-scattered
nebular light.  Untried techniques include promising new magnetic diagnostics like the Hanle
Effect in the far-ultraviolet and magnetic realignment in the visible.  The University of



Wisconsin Space Astronomy Lab is developing instrumentation for such investigations.  In the
visible, the Prime Focus Imaging Spectrograph (PFIS) is a first light instrument for the Southern
African Large Telescope (SALT), which at an aperture of 11m will be the largest single
telescope in the Southern Hemisphere.  Scheduled for commissioning in late 2004, PFIS is a
versatile high-throughput imaging spectrograph using volume-phase holographic gratings for
spectroscopic programs from 320nm to 900nm at resolutions of R=1000 to R=6000.  A dual-
etalon Fabry-Perot subsystem enables imaging spectroscopy at R=500 and R=3000 or 12,500. 
The polarization subsystem, consisting of a very large calcite polarizing beam-splitter used in
conjunction with half- and quarter-wave Pancharatnam superachromatic plates, allow linear or
circular polarimetric measurements in any of the spectroscopic modes.  In the FUV, the Far-
Ultraviolet SpectroPolarimeter (FUSP) is a sounding rocket payload, scheduled for its first flight
in 2003, that will obtain the first high-precision spectropolarimetry from 105 - 150 nm, and the
first astronomical polarimetry of any kind below 130 nm. The telescope is F/2.5 prime-focus
with a 50 cm primary. At the telescope focus are the polarimetric optics, a stressed lithium
fluoride rotating waveplate, followed by a synthetic diamond Brewster-angle mirror. The
spectrometer uses an aberration-corrected spherical holographic grating and a UV-sensitized
CCD detector, for a spectral resolution of R=1800.


