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1.0 Statement of Work for Rutgers Participation in the SALT
Prime Focus Imaging Spectrograph

1. Develop designs for low, medium, and high resolution etalons
2. Order etalons and controllers, and monitor fabrication progress
3. Test delivered etalons and controllers to assure compliance with specifications
4. Characterize etalon spectroscopic performance
5. Develop designs for order-selecting filters
6. Order filters and monitor fabrication progress
7. Test delivered filters to assure compliance with specifications
8. Design etalon insertion mechanism
9. Construct etalon insertion mechanism
10. Test etalon insertion mechanism
11. Supervise fabrication of UW components in RU mechanical shop
12. Write LabView virtual instrument control software for etalons and inserter
13. Advise and/or write observing software for Fabry-Perot operation
14. Write data reduction software for Fabry-Perot observations
15. Support integration of FP system into PFIS
16. Support laboratory testing of FP system in PFIS
17. Support commissioning FP system of PFIS at SALT
18. Prepare operations manual for FP system
19. Prepare maintenance manual for FP system
20. Prepare a scientific paper describing FP system
21. Participate in PDR and CDR
22. Devise commissioning science observation program for PFIS/FP
23. Execute commissioning science observation program for PFIS/FP, reduce and

analyze data, and publish results (in timely fashion)
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2.0 Fabry Perot Subsystem Design

2.1 Overview

The PFIS Fabry Perot system provides two-dimensional imaging spectroscopic
capabilities for SALT.  Three spectral resolution modes are provided, each over the
wavelength range 430 — 860 nm.  The system works with the camera in its straight-
through configuration, with gratings removed, and one or two FP etalons inserted into the
collimated beam.  The full 8  field of view is imaged onto the detector, with the spectral
band selected by the etalons and the appropriate order-selecting filter.  The FP etalons are
mounted on remotely controlled pneumatic slides for insertion into and removal from the
collimated beam.

A typical observing sequence consists of taking a series of exposures of an astronomical
target, changing the wavelength setting of the FP system for each exposure to cover the
relevant spectral range about a spectral feature of interest.  Atmospheric transparency is
monitored during each exposure by the telescope guide-star system.  Wavelength zero-
point calibration exposures of a standard spectral lamp are taken before and after the
sequence.  Flat-field and full wavelength calibration sequences are run during daylight
hours.  These data produce a spectrum with limited spectral range at each point in the
target.  These spectra can be analyzed to provide kinematic and/or line strength maps of
the entire object.

Table 1 presents the estimated sensitivity of the PFIS FP system.  The table lists the
exposure times required to reach a signal to noise ratio of 10 for both the minimum and
expected throughput of the instrument.  The absorption spectrum columns assume a
spatially unresolved source imaged in median seeing (0.9 ) with a flat continuum
corresponding to V=20 (for 500 nm) or R=20 (for 650 nm).  The emission column
assumes a spectrally unresolved diffuse emission line source of surface brightness 1
Rayleigh, in a 1 square arcsecond sample.  The sky brightness is taken to be 22.5 and
21.5 magnitudes per square arcsecond in the V and R bands, respectively.  The CCD is
assumed to be binned 2x2, giving 0.26  pixels, with a read noise of 3 electrons per pixel.
The sample size for these calculations is 3x3 binned pixels for the absorption line source
and 4x4 binned pixels for the emission line source.  The number of exposures required to
adequately sample the line profile in an extended object depends on the velocity structure
of the object and cannot be specified a priori, but experience indicates that typical FP
datacubes have 9 — 15 spectral samples for a wide variety of targets.  Such datacubes,
with S/N = 10 per wavelength sample, yield velocity maps with typical precision of 1/20
the spectral FWHM of the etalon.

Tradeoffs in the FP system design were detailed at the PDR, and fundamental decisions
about the system design were taken then.  The various alternatives will not be discussed
here — see the PDR documentation for a full discussion and the motivation that led to the
design choices presented here.
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Table 1.  System Sensitivity

Absorption: 5000 Absorption: 6000 Emission: 6563 
Resolution

Min. Exp. Min. Exp. Min. Exp.
500 17 s 12 s 27 s 19 s 5195 s 3663 s

1000 34 s 24 s 53 s 38 s 2964 s 2090 s
2500 115 s 74 s 179 s 118 s 2283 s 1494 s
12500 534 s 370 s 896 s 589 s 1474 s 966 s

2.2 Etalons

The PFIS FP system uses servo-controlled etalons manufactured by ICOS.  Piezoelectric
positioners set the parallelism and gap of the etalon plates, and the plate positions are
monitored by capacitance sensing.  This design provides high stability and repeatability.
We have used these systems for over 13 years and have found them to be reliable,
accurate, and low maintenance; they are the standard astronomical FP systems throughout
the world.  The etalon exterior layout is shown in Figure 1.

The spectral resolution of an etalon is set by the size of the spacing between its plates and
by their reflectivity; this resolution is fixed for a given etalon (although the lowest
resolution etalons have small enough gaps that they can be tuned by their piezos through
approximately a factor of two in resolution).  Users of the PFIS-FP have strong scientific
programs covering a wide range of spectral resolutions, from low-resolution tunable
filter  programs at R = 500, through mid-resolution programs for internal dynamics of
galaxies, etc. at R = 2500, to high-resolution programs on star cluster kinematics and line
profile shape studies at R=12500.  Our system has three spectral resolution modes: low
(R=λ/δλ=500-1000, tunable), mid (R=2500), and high (R=12500).  Low-resolution mode
uses a single etalon, with an interference filter to select the desired interference order
(corresponding to wavelength).  The mid- and high-resolution modes use two etalons in
series, with the low-resolution etalon and its filter selecting the desired order of the mid
or high resolution etalon, respectively.

The free spectral range of an etalon is the wavelength interval from one interference order
to the next; the ratio of the free spectral range to the full width at half maximum of the
etalon s passband is termed the finesse.  Our etalons have finesse 30, which will result in
transmission of 75-80% for each etalon.

The spectral range of the FP etalons is 430 — 860 nm.  This represents a significant
tradeoff within the SALT community interests, so a potential future enhancement will be
to add blue etalons and filters.

Approximately 30 interference filters (of spectral resolution R=50) will be required to
isolate the FP orders over the entire spectral range.  These will be installed in a magazine
with a capacity of 14 filters, so the operating queue will be structured to limit the number
of filters needed on a given night.
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The wavelength of a single FP image is not constant over the field, but varies
quadratically with distance from the optical axis.  The field of view at approximately
constant wavelength (the so-called bull s-eye ) is 1.3  x (10450 / R)1/2, set by the focal
length of the PFIS collimator (630 mm).  The total wavelength variation from the optical
axis to the edge of the field of view is 0.9969 x the central wavelength (2.1 nm at 656.3
nm).

Figure 1.  ET150 structure

2.3 Slide Mechanism

Two of the three etalons are installed in the PFIS at any time, mounted on pneumatic
slides to insert or remove each etalon independently from the collimated beam.  The low-
resolution etalon resides continuously in the PFIS, while one or the other of the mid and
high resolution etalons are installed. Each etalon will have a handling fixture that
facilitates the mounting and removal of the etalon from the slide mechanism.  The
operating queue will be structured to minimize the number of etalon changes and etalon
changes will only occur in the daytime; we anticipate etalon changes no more frequently
than once per week.
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The slide mechanism for each etalon will be a Festo DGPL-40-304-PPVA-KF;
specifications and comparison to our loads are presented in Table 2.  There are solenoid-
driven latches to secure the etalon in both the inserted and retracted positions.  The tip
and tilt angles of the etalon in the inserted position are constrained by balls that nest into
structures fixed to the PFIS truss.  The design of the inserter mechanism is shown in
Figure 2.

Table 2. Specifications For Festo Rodless Cylinder
DGPL - 40 - 304 - PPVA - KF

Parameter Metric English Our Load
Stroke 304 mm 11.968 in
Bore 40 mm 1.575 in
Force

@ 6 bar ≈ 90 psi 754 N _170 lbf

Weight 6.09 kg 13.41 lb
Cushioning Length 30 mm 1.18 in

Vertical Load permissible
@ 12 in support span > 2,248 lbf

Allowable Moments:
about normal axis (Ml)

243 lb-ft 50 lb-ft

about longitudinal axis (Mq) 125 lb-ft 25 lb-ft
about transverse axis (Mv) 243 lb-ft 50 lb-ft

Combined loads:
(F1 / F1max) + (Mv / Mv max)

+ (Mq / Mq max) + (Ml / Ml max)
< 1 < 1 0.65

Max. Piston Speed Allowable
w/ 110 lbf load 2.0 ft /s

Length (for 12 in stroke) 604 mm 23.778 in
Center of Carriage to end

(at extreme position) 150 mm 5.91 in

Carriage length 171 mm 6.73 in
Carriage width 96.5 mm 3.80 in
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Figure 2  Rendered and wireframe views of etalon mounted on inserter mechanism
(in the inserted position), with positioning ball and nest mechanisms.
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2.4 Order Selecting Filters

The etalon free spectral range determines the filter complement required to isolate an
etalon s order.  Choosing finesse 30 etalons, and requiring adequate blocking for R=1000
low-resolution mode then determines the filter set characteristics.  To maximize
throughput and minimize parasitic light (transmission from undesired orders and from
beyond the etalon s operating range), we chose 4-cavity interference filters, which have
broad flat tops and rapid wavelength cutoffs.  To avoid transmission losses at the filter
boundaries and flat field calibration uncertainties on steeply falling filter curves, the
filters are spaced in wavelength by 0.75 times their FWHM (see Figure 3).

The FWHM of each filter is determined by the need to limit parasitic light from adjacent
orders of the etalon.  The worst case is when the etalon is tuned to the cross-over point
between filters, for then the transmission of etalon s next order is at a maximum on the
opposite wing of the filter (see Figure 3).  To keep this parasitic light less than 1.5% of
the desired order, the filter FWHM = 1.20 FSR (for the low resolution etalon at R=1000,
the worst case).  The full filter set to select any etalon order over the full system spectral
range will consist of approximately 30 filters.  Manufacturing tolerances of typically
–15% in both central wavelength and FWHM may increase the total number of filters
required to 35.  The etalon free spectral range and resolution are not exactly predictable,
due to coating reflectivity variations, so the filter set details will be determined once the
low resolution etalon has been delivered and characterized.

Figure 3.  4-cavity filter transmission curves for FWHM = FSR / 1.20 at 6563A.  Top: spacing = 1.0 *
FWHM; bottom: spacing = 0.75 * FWHM.  Marks are at filter crossover and 1 FSR higher.
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3.0 Fabry Perot Fabrication and Test

Purchase orders for the low- and medium-resolution Fabry-Perot etalons were placed in
March 2002.  Following approval by the SSWG, the high-resolution etalon was ordered
in December 2002.  Rutgers expects delivery of the low-resolution etalon in April 2003.
Testing of this first etalon is a priority since its test results will determine the final
selection of the filter set.  Testing of the second, medium-resolution etalon will follow,
being performed in parallel with filter procurement and with the fabrication of the etalon
insertion mechanisms.  Testing of the filters and the high-resolution etalon will complete
the testing program.

A 3.5 meter long optical test setup, shown in Figure 4 is in place for evaluating the
etalons and filters.  The test system consist of a light source shown in the foreground
(continuum or spectral lamps), a collimating telescope, a fixture with slide to move the
etalon or filter into- or out of- the optical path, a second telescope to re-image the beam
back onto the entrance slit of a 0.5 m focal length spectrograph.  The figure shows 90-
mm aperture optics currently being used to test smaller etalons for another project; these
will be replaced with 150 mm telescopes (currently in-house) for the PFIS testing.  The
entire system has been leveled and vibration isolated using two granite slabs plus a
vibration isolated optical table resting on soft feet on a concrete-filled table.  A
thermoelectrically cooled CCD camera, controlled by a PC, is the detector for the
spectrograph.  The entire spectrograph is purged with nitrogen to prevent moisture
condensation on the CCD entrance window.  Light shields (not shown in the figure)
cover the etalon/filter area when testing.  The entire test setup, with the exception of the
150 mm telescopes, was purchased using non-SALT funds.

The test spectrograph has three gratings (600 l/mm, 1800 l/mm, and 2400 l/mm) that
provide mean measured spectral resolution of 0.13nm, 0.035nm, and 0.027nm,
respectively.  The lowest resolution is appropriate for characterizing the order-selecting
filters and the etalon free spectral range, and the higher resolutions for measuring the
etalon line profiles.  For each filter, we will measure the absolute filter transmission
profile.  For each etalon, we will measure the transmission, line profile, and free spectral
range throughout the 430 – 860 nm working range.  We will also determine the values of
the calibration relation parameters (see section 4.2) for each etalon throughout this range.
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Figure 4.  The optical test bench for evaluating Fabry Perot etalons and filters.
Pictured are the smaller diameter telescopes used to test etalons for the ARIES
instrument for NOAO telescopes.
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4.0 Software Development Plan

4.1 Overview

RU will develop the software to set the etalon wavelengths.  As shown in Figure 5, this
will consist of a routine to communicate wavelength requests from the UW PFIS control
system into controller messages that are sent via RS232 to the CS100 controllers.  The
etalon controller routines will be written in LabView, and a proof of concept routine has
been completed.

RU will provide a routine to measure the center coordinates, diameter, and width of
calibration ring images.  This routine will run on the computer that holds the images.  The
routine will be written in Fortran and supplied as a DLL suitable to be incorporated into
the LabView or other system operating on that computer.   The code for this routine is
already written for previous FP applications.  Adapting the code to the multi-chip
detector of PFIS merely requires transforming individual pixel coordinates of the image
into world coordinates, to account for the chip-to-chip registration.  This function to
convert to world coordinates will be provided by the detector team.  Since the coordinate
accuracy required is only to the nearest pixel, this is well within the specification of the
detector.

RU will provide stand-alone Fortran routines to analyze the output of the ring
measurement software.  One routine will fit an entire calibration series and determine the
calibration coefficients for an etalon.  The other routine will analyze a single ring image
and update the wavelength zero-point coefficient (this is the only parameter that changes
on a time scale of hours and needs to be measured during an observing sequence).  These
routines already exist from our previous FP work, and will need only slight modifications
to adapt to PFIS.

It has been our experience that the etalon parallelism settings (X and Y) are very stable
and do not need to be updated after initial laboratory calibration.  We will, however,
provide a stand-alone Fortran routine to analyze a parallelism calibration sequence to
support re-determination of these parameters at the telescope if experience indicates that
this procedure is necessary in the SALT environment.  This code is a minor extension of
the existing calibration codes.
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4.2 Fabry Perot Theory of Operation

4.2.1 Wavelength Calibration

The wavelength in a Fabry-Perot image is described by the equation:

λ(r,z) = (A + Bz + Cz2 + Dz3) [1+(r2/F2)]-0.5

r(x,y) = [(x — xc)
2 + (y — yc)

2]0.5

The parameters A, B, C, and D establish the on-axis relationship between the etalon
control value z and the wavelength.  The parameter F is the effective focal length of the
camera, in pixels, and establishes the wavelength at position x,y in the image.  The
coordinates of the optical axis are xc and yc.

The instrumental spectral profile of the FP is well fit by a Voigt profile (convolution of a
Lorentzian and a Gaussian) that is described by two parameters, wl and wg.

Calibration of the etalon determines the five parameters A, B, C, D, and F, the
coordinates of the optical axis, xc and yc, and the instrumental widths, wl and wg.   A
series of flat-field images of emission lines of accurately known wavelengths from
spectral lamps is the observational data needed for calibration.  Because of the radial
wavelength variation, these images appear as rings of emission.  In order to determine the
four parameters A — D, at least 4 lines, well spaced over the z scan range, are required
(more than 4 are better, of course).  To determine F, at least one of the lines (preferably
all) are taken with several different wavelength settings, resulting in rings of various
diameters, well distributed over the radial range of the field of view.

After each calibration exposure, Rutgers-supplied software running in the computer that
has direct access to the image will analyze the ring image, and determine the center
coordinates, radius, and width of the ring.  These values, plus the wavelength of the ring
and the z setting of the etalon, are returned and recorded (7 values per ring image).  When
the calibration sequence is completed, another Rutgers-supplied routine will analyze this
data set, and determined the best-fit values of the five parameters A — F, as well as the
coordinates of the optical axis and the instrumental spectral profile (i.e. spectral
resolution), the uncertainties of all these quantities, and the overall accuracy of the
wavelength calibration.

When scanning the etalon over a restricted wavelength range, the polynomial in z can be
limited to a linear fit with adequate accuracy (i.e. C = D = 0), but as the scan range is
increased, the higher order terms are required; to scan over the full range of the CS100
controller, the full cubic fit is required.

The parameters B — D are usually very stable, and need be re-determined only
infrequently (experience with the instrument in the SALT environment will establish the
required frequency — our guess is on the order of weeks).  Similarly, experience will
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establish the stability of the camera focal length F, but it will probably not require
frequent re-determination.    The wavelength zero-point parameter, A, typically drifts
with time (and temperature, humidity, and other environmental factors) and needs to be
re-determined on an hourly timescale.  The accuracy and stability of the positioning of
the articulated camera and detector with respect to the FP etalons will determine the need
to re-determine the coordinates of the optical axis, but these come for free  with the
determination of A.  To monitor the drift of A, a single spectral line exposure is needed.

4.2.2 Parallelism Calibrations

The parallelism of the etalon plates is controlled by the CS-100 X and Y controls.  Our
experience is that these settings are very stable, and do not need to be re-determined
frequently.  Experience with PFIS-FP in the SALT environment will dictate how often (if
ever) the parallelism needs to be adjusted.  To measure the parallelism, a series of
calibration rings of a single spectral line are taken, varying the X or Y parallelism setting
over the series.  The optimum setting minimizes the width of the ring.  We will supply a
routine to analyze these data, but do not expect it to be frequently used.  Based on early
experience, we may un-document the ability to analyze and set the parallelism for the
standard users, and reserve this function to instrument specialists.

4.2.3 Operations

The RU supplied LabView block diagram, shown below, accepts commands from the
PFIS Top Level Control Software, performs calculations as necessary, and issues
commands to the CS100 controllers via RS232 ports.  Sequences for the three types of
operations (wavelength calibration, parallelism calibration, and observations) follow.

Wavelength Calibration Sequence
1. Configure PFIS to desired FP mode
2. Configure calibration screen, lamps, etc.
3. Collect calibration data — N exposures

a. Set FP wavelength
b. Take exposure
c. Analyze ring image
d. Return and store ring fit parameters
e. Archive calibration image

4. Analyze calibration data set
5. Update calibration parameters to RU VI and archive

Observing Sequence
1. Configure PFIS to desired FP mode
2. Point to object (no fine acquisition yet)
3. Configure calibration screen and lamps
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4. Set FP wavelength
5. Take zeropoint calibration image
6. Remove calibration screen, etc.
7. Acquire object and initiate guiding and transparency monitoring
8. Observation sequence — N exposures

a. Set FP wavelength
b. Take exposure
c. Archive image and transparency monitor data

9. Configure calibration screen and lamps
10. Set FP wavelength
11. Take zeropoint calibration image
12. Repeat steps 8 — 11 as specified by observing script

Parallelism Calibration Sequence
1. Configure PFIS to desired FP mode
2. Configure calibration screen, lamps, etc.
3. Set FP wavelength
4. Collect calibration data — N exposures

a. Set FP X
b. Take exposure
c. Analyze ring image
d. Return and store ring fit parameters
e. Archive calibration image

5. Analyze calibration data set
6. Repeat steps 4 — 5 for Y settings
7. Update calibration parameters to RU VI and archive
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Figure 5.  F P Subsystem Software Block Diagram
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4.3 Software specification

RU is supplying the software to set the etalon wavelengths.  Wavelengths of the etalons
will be set to 0.05 of the etalon resolution (or better).  Settling time will be 100 msec or
faster.  Repeatability will be 1 z unit of the CS-100 controller; translating this into
wavelength will depend on etalon stability in SALT environment and frequency of
calibration.  Setting and settling spec verified in laboratory test.  Repeatability spec
verified at telescope during commissioning and as operating experience develops.

4.4 Software Design

4.4.1 Individual routines inputs & outputs         Effort (Days)
1) Init 1.0

a. Input: none

b. Output: A, B, C, D, F, xc, yc, wl, wg

c. Takes values stored in nonvolatile memory and places these in the storage
register for the RU LabView software, sends the appropriate CS100
controller commands on the RS232 port, and returns these same values to
the PFIS Top Level Control Package

2) Set Wavelength 1.2
a. Input: mode, wavelength
b. Output: status (ok/failure), z value for controller 1, z value for controller 2
c. Internal operation: send commands to CS-100(s)

3) Set zero point 1.0
a. Input: etalon number,

 ring parameter array:  xc, yc, wl, wg, r, λline

b. Output: status (ok/fail), coefficient A
c. Internal operation: update stored fit parameter array

4) Set x/y    (set one or the other) 1.2
a. Input: controller #, x/y flag, value
b. Output: status (ok/fail)
c. Internal operation: send command to CS-100

5) Ring analyze (Fortran adaptation for SALT/PFIS) 4.0
a. Input: image structure
b. Output: status (ok/fail), ring parameter array

6) Calibration Analysis (Fortran adaptation for SALT/PFIS) 1.0
a. Initialize function

 i. Input: etalon number
 ii. Output: status (ok/fail)

b. Add ring function
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 i. Input: ring parameter array
 ii. Output: status (ok/fail)

c. Do analysis function
 i. Input: none
 ii. Output: status (ok/fail),

 fit parameter array: A, B, C, D, F, xc, yc, wl, wg

 iii. Internal operation: update stored fit parameter array

7) X/Y Analysis (Fortran adaptation for SALT/PFIS) 1.0
(Analyze one or the other)

a. Initialize function
 i. Input: etalon number
 ii. Output: status (ok/fail)

b. Add ring function
 i. Input: ring parameter array: xc, yc, wl, wg, r, λline

 ii. Output: status (ok/fail)
c. Do analysis function

 i. Input: none
 ii. Output: status (ok/fail), new x/y value
 iii. Internal operation: run set x/y function

      Total Software Development  Effort:       10.4   days
      Allocated Resources for Software Development:       15.12 days

4.4.2 Header Parameters

The following header parameters are suggested to be attached to every image file:

Parameter Description Parameter/Values

Mode (for Low, Medium, High): L, M, H

1 fit parameter array (if low mode) A, B, C, D, F, xc, yc, wl, wg

2 fit parameter arrays (if M, H mode) A, B, C, D, F, xc, yc, wl, wg

A, B, C, D, F, xc, yc, wl, wg

Camera Lens Focal Length: F

Coords of the Optical Axis: xc, yc

Wavelength of spectral feature: λline



19

Wavelength of etalon setting: λ

Standard Image Header Info. Date, Target, etc.

5.0 Fabry Perot Subsystem Integration and Test

After fabrication and testing of the FP subsystem at Rutgers, it will be shipped to UW
and integrated into the PFIS structure.  Rutgers personnel will assist with the integration
on site.  We will verify proper insertion and locking function of the etalon mechanism.
When the detector system is operational, we will align the tip/tilt adjustment of the etalon
alignment to put the etalons normal to the optical axis (as indicated by having the center
of the calibration ring at the center of the field of view).  We will run calibration
sequences to verify the performance as measured at Rutgers.

After the PFIS is shipped to South Africa, Rutgers personnel will assist in the testing,
both in the laboratory and at the telescope, to verify that the system is performing as
previously tested.  We will help carry out the commissioning observations, and will
monitor the system s performance in situ to determine optimum calibration frequencies,
and other performance parameters that may depend on the operating environment.

6.0 Management

Figure 6 shows the Rutgers organizational chart, in light red, in relationship to the PFIS
instrument and the SALT organization.  Professor Williams is the principal investigator
for the Fabry-Perot subsystem in the PFIS instrument.  Williams has primary
responsibility for the technical design, procurement, assembly, and software
development, as well as all component testing and subsystem integration and test.  Our
mechanical engineer, Sam Goldfarb, serving as a part-time consultant, has primary
responsibility for the design of the insertion and retraction mechanisms.  His designs will
insure proper optical registrations with the overall PFIS instrument including any
tolerance requirements impacting scientific performance.  Dr. Joseph is the program
manager.  He also plays supporting roles in the component testing and documentation.  In
addition, Joseph will assist with on-site monitoring of the Rutgers physics department s
machine shop, which is tasked directly from the University of Wisconsin to build key
elements of the PFIS structure.   Wisconsin retains all responsibility for managing the
Rutgers machine shop effort, including the supplying of raw materials.
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Figure 6.  Partial PFIS Organization Chart, with Rutgers organizational detail
shown in light red.
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7.0 Schedule and Budget

Figure 7 shows a Gnatt chart showing the schedule of event leading to the completion of
the Rutgers effort to supply the Fabry-Perot subsystem to PFIS.  Figure 8 is a
corresponding spread sheet showing the allocation of resources.  The time allotments are
in fractions of a month, while the expenditures in dollars are generally listed just above
those entries.  The month-to-month FTE time allocations are summarized as follows:

Year: 2003 Williams Joseph
Jan   0.38   0.3
Feb   0.33   0.45
Mar   0.25   0.45
Apr   0.32   0.3
May   0.3   0.1
Jun   0.4   0.15
Jul   0.75   0.55
Aug   0.7   0.7
Sep   0.7   0.5
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8.0 Current Status & Projected Success

Motherhood, apple pies, and we are nice guys --- except when we are not.

WFPC — Warm Fuzzy Positive Charts (i.e. why everyone should feel good about the
Rutgers participation on the project.)


