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Figure 1.1: FGS Interferometric Response (the OS-CurveO)
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Figure 1.2: FGSs in theHST Focal Plane (Projected onto the Sky)
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Figure 1.3: FGS Star Selector Geometry
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Figure 2.1: FGS1r Optical Train Schematic
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Figure 2.2: Light Path from Koesters Prisms to the PMTs
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Figure 2.3: The Koesters Prism: Constructive and Destructive Interference.
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This case shows the interference within the Koesters Prism for a wavefront with a tilt o such that
the ray entering the prism at point & is advanced by 2/4 with respect to the ray entering at point c.
The rays a” and ¢’ are transmitted though the dielectric surface and are retarded by 2/4 in the pro-
cess. Rays ¢ " and a " are reflected by the dielectric and suffer no change in phase. Rays ¢ and @™
are interferometrically recombined and exit the prism on the right hand side. Similarly, rays @ "and
c'tire recombined and exit to the left. The intensity of each exit ray depends upon the phase dif-
ference of recombined reflected and transmitted rays.

The rays exiting the prism at its apex will always consist of components with 90 degree phase dif-
ference (because the reflected and transmitted components initially had zero phase difference, but
the dielectric retarded the transmitted wave by A/4). Therefore, at the apex, constructive and de-
structive interference occur at the same rate and the two exit rays have equal intensity. In the ex-
ample shown here, the intensity of the rays exiting the left face of the prism increases as one moves
along the face, away from the apex, in the direction of increasing constructive interference (the
recombined beams a’ and ¢'have zero phase difference). On the right face of the prism, destruc-
tive interference increases away from the apex (a'and ¢ " are out of phase by 180 deg), so the in-
tensity of these rays diminishes along the face. Therefore the intensity of the left hand beam is
greater than that of the right hand beam. The tilt ot in this example corresponds to a peak of the S-
curve. Rotating the wavefront about point b by 20. in a clockwise direction would produce the oth-
er peak of the S-curve.
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Figure 2.4:Full Aperture S-Curves of the Original FGSs
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Figure 2.5:1mproved S-Curves for Original FGSs when Pupil is in Place
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Figure 2.6: FGS1r S-Curves in Full Aperture Across the Pickle
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https://hst-docs.stsci.edu/display/FGSIHB/2.1+The+Optical+Train%23id-2.1TheOpticalTrain-fig2.1

Figure 2.7.FGS1r S-curves
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Figure 2.8:FFGS1r S-curves 2005
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Figure 2.9:Shows the changes in the FGS1r S-curves resulting from the January 2009 AMA adjustment.
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Figure 2.10:FGS Proposal System and Detector Coordinate Frames
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Figure 2.11:FGS1r Filter Transmission
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Figure 2.12:PMT Efficiency
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Figure 3.1: Comparison: PC Observation v. FGS Observation
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The figure on the left is from an observation by Niemela et al. (1998) of the WR+OB binary WR 146. They measure
angular separation of 16831 mas. The figure on the right is a simulation of an FGS1r observation of the same obje
The separation of the stars could be measured to better than 1 mas.
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Figure 3.2:Simulated PC Observations v. FGS Observations of a 70mas Binary
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The figure on the left is a TinyTIM simulation of a PC image of a 70 mas binary composed of stars of nearly ec
brightness (no dithering). The figure to the right is an FGS simulation of the same observation. Note that the bin
structure is far more obvious in the FGS fringes. The FGS can just as easily resolve binary systems down to 12 mas.
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Figure 3.3: Comparison of FGS1r and FGS3 Transfer Mode Performance
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Figure 3.4: Relative Orbit of the Low-Mass Binary System Wolf 1062 AB
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Figure courtesy of G. Fritz Benedict, University of Texas at Austin

Figure 3.4 shows the orbits of the components of Wolf 1062 about the systemOs barycenter. This has been deter
from both Transfer mode observations, which yield the relative orbit, and Position mode observations, which map
orbit of the primary relative to reference stars distributed about the FGS FOV (in effect establishing the inerti
reference frame). Note that the Position mode data also yield the systemOs parallax and proper motion.

52



1+.: 92@7,=: 4,80?0=>

E]

#30: ":3,>:-009:@>0/:« ,??,9E4:07?:,7+: " Y%¥%°-:?2::/0?70=8490:?30:,92@7,=:
0C,8;70:24A082489-=0>B+B>:?730:#=,9>10=: @9.724:9::1:,: 4=,°?D;0:A,=4,-70:

1, ::49?2:>:@=.0: «-:?23::->0=A0/:B47?3: "ﬂﬂt:#30:0C?09/V5V8>>::@’:—-40>::°.:
[4>?2492@4>3,-70:1=:8:,:;:49?2:>:@=.0+: 9:,//4?24:9:?2::>?2077,=:/4>.>"::?230=
=0>:7A0/:-D:?30: ":49.7@/0:2,7,.?4.:9@.704 :,>?0=:4/>":,9/:;7,90?,=D:8::9

53



05

Figure 3.5: Mira-type variable with a resolved circumstellar disk
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Figure 3.6: Flare Outburst of Proxima Centauri as Observed with FGS3
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Figure 3.7: Triton Occultation of the Star TR180 as Observed by FGS 3
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Figure 4.1: Default FESTIME as a Function of V Magnitude for F583W FGS1r: NEA as a Function ¢
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Figure 4.2: A Sample Visit Geometry

For the geometry specified above, the exposures may be sequenced as follows:
1-2-target-3-2-4-target-3-5-4-target-->
-->2-1-target-3-5-4-target-2 -1 -target.
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Figure 4.3: Binary S-Curves Generated from FGS1r X-Axis Data
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Figure 4.4: FGS1r (F583W) S-Curves: Single and Co-Added
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Figure 4.5:Evolution of S-curve morphology along the FGS1r Y-axis
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Figure 5.1: Overlay of the pointings used for the FGS3 OFAD calibration
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Figure 5.2: Overlay of pointings used for the FGS1r OFAD calibration
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Figure 5.3: FGS2 Guide Star Motion at the Onset of a Day/Night Transition
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Figure 5.4: Effects of Jitter on an FGS1r S-Curve (single scan)
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Figure 5.5: Temporal Stability: FGS3 v. FGS1r
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Figure 6.1: Example 1: Field of View at Special Orientation
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Visit_Number: 1
Visit_Requirements: BETWEEN 14-MAR-1998 AND 15-MAR-1998
ORIENT -18.5D TO -19.5D FROM NOMINAL
Visit_Comments: Two Guide Star FineLock Required.Exposure_Number: 01
Target_Name: OGF_1
Config: FGS
Opmode: POS
Aperture: 1
Sp_Element: F583W
Time_Per_Exposure: 20S
Special_Requirements: SEQ 1-4 NON-INT;POS TARG -33,-60.

Exposure_Number: 02

Target_Name: OGF-12-REF
Config: FGS
Opmode: POS

Aperture: 1
Sp_Element: F583W
Time_Per_Exposure: 30S
Special_Requirements: SAME POS AS 1;

Exposure_Number: 03
Target_Name: OGF-11-REF
Config: FGS
Opmode: POS
Aperture: 1
Sp_Element: F583W
Time_Per_Exposure: 30S
Special_Requirements: SAME POS AS 1;
Comments:

Exposure_Number: 04
Target_Name: OGF-7-REF
Config: FGS
Opmode: POS
Aperture: 1
Sp_Element: F583W
Time_Per_Exposure: 20S
Special_Requirements: SAME POS AS 1;
Comments:
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Visit_Number: 2
Visit_Requirements: BETWEEN 14-SEP-1998 AND 15-SEP-1998;
ORIENT -18.5D TO -19.5D FROM NOMINAL
Visit_Comments: Two Guide Star FineLock Required.
Exposure_Number: 01
Target_Name: OGF_1
Config: FGS
Opmode: POS
Aperture: PRIME
Sp_Element: F583W
Time_Per_Exposure: 20S
Special_Requirements: SEQ 1-4 NON-INT;POS TARG +33,+60
Comments:
Exposure_Number: 02
Target_Name: OGF-12-REF
Config: FGS
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Figure 6.2: Example 2: Field of View at Special Orientation
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Visit_Number: 1
Visit_Requirements: ORIENT 46.6D TO 48.6D
Visit_Comments: Two Guide Star FineLock Required. Please notify Contact Scientist if two guide stars cannot be
found.
Exposure_Number: 01
Target_Name: Close_Binary
Config: FGS
Opmode: TRANS
Aperture: 1
Sp_Element: F583W
Optional_Parameters: SCANS=83, STEP-SIZE=0.6
Time_Per_Exposure: 1729S
Special_Requirements:
Comment:
Visit_Number: 2
Visit_Requirements: AFTER 1 BY 30D TO 32D
ORIENT -24D TO -25D FROM NOMINAL
Visit_Comments: Two Guide Star FineLock Required.
Exposure_Number: 01
Target_Name: Close_Binary
Config: FGS
Opmode: TRANS
Aperture: 1
Sp_Element: F583W
Optional_Parameters: SCANS=83, STEP-SIZE=0.6
Number_of_lterations: 1
Time_Per_Exposure: 1729S
Special_Requirements:
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Figure 6.3: Example 3: Trans + Pos Mode Visits
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Figure 6.4: Example 4: Trans + Pos Mode Exposures
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Visit_Number: 1
Visit_Requirements:
Visit_Comments:

Exposure_Number: 01
Target_Name: HDFAINT
Config: FGS
Opmode: TRANS
Aperture: 1
Sp_Element: F583W
Optional_Parameters: SCANS=69, STEP-SIZE=0.6
Time_Per_Exposure: 1380S
Special_Requirements: POS TARG = 0,0 SEQ 1-3 NON-INT

Exposure_Number: 02
Target_Name: DARK_SKY1
Config: FGS
Opmode: POS
Aperture: 1
Sp_Element: F583W
Optional_Parameters:
Time_Per_Exposure: 60 S
Special_Requirements: SAME POS AS 1

Exposure_Number: 03
Target_Name: DARK_SKY2
Config: FGS
Opmode: POS
Aperture: 1
Sp_Element: F583W
Optional_Parameters:
Time_Per_Exposure: 60 S
Special_Requirements: SAME POS AS 01
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Figure 7.1: CALFGSA Common Processing Tasks
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Figure 7.2: CALFGSA Transfer Mode Processing Tasks
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Figure 7.3:CALFGSB Position Mode Processing

Exposures in

Visit — v

Rend TAB Files from CALFGSA

Identify and Access Reference Files

|

Apply OFAD Corrections

[

Apply Differential Velocity Aberration
Corrections

|

Store Data in Visit Level Memory

Process Next Exposure

CALFGSB Visit Level Processor

Establish Common
Reference Frame

(Visit Level)

Guide Star Data

Re S uft Tr

P and Roll
Differences Between Each Exposure

Check Star Duta
- Locate Check Stars
« Assemble Drift Model

= Apply Drift Model; Correct Each
Exposure for Drift

I

Output Visit Level “Plate”

+

139




::09/4C: %:#,=20?: .<@4>4?4:9:,9/:#=,.6¢

;;09/4C: :9?2097>

¢ +7: "::972=:7

L TUi#,=207: .<@4>47?4:9:,9/: :>4?24:9: /0:#=,.6492
® +q:#=,9>10=: :/0: .<@4>4724:9:,9/:".,99492

® +.:%4>47: 0A07: :9?2=:7

140



7 "1:19?=:7

#B::/4110=097?:.:8; @?0=>:49?20=1,.0:B4?3:,9/:.:9?2=:7:,9: ":,?2:A,=4:@>
L19?2=:7>:?7%0>;,.0.=,1?2:,9/:47?2>:;,:49?2492:.:9?2=:7:>D>?208=+:#30:
« -:84.=:;=:.0>>:=:,>>:.4,?70/:B4?3:0,.3: "+: :?3:?230:-»1:,9/:?230: >:.:9
204/492%+: @=492:,>?=:807=4.:>.409.0::->0=A,?4:9>:.:9?2=:7:4>:>3,=0/;
:;0=,20>:?230: ":/@=492: :>4?4:9:8:/0 :B3470:?30:-»1::;0=,?0>:?30: ":/@=4

141



T #,=207?: .<@4>4?4:9:,9/: :>4?24:9: :/0:4

+u+ :"70B:?::?230:#,=207
Tz p:"0,=.3

Tuxy: :,=>0#=,.6

tux-: 490 6

9:?734>:>0.74:9:B0:=0A40B:?30:,.<@4>474:9:,9/:?7=,.6492:>0<@09.0+:#30::
49:?230: ,?,: ,9/-::6

Tt :"70B:?::?30:#,=207

#::494724,?20:?230:,.<@4>47?24:9::1:,:?2,=20? :?30: -»1:>70B>:?230: ": 9>7?,
0C;0.?20/:7:.,24:9::1:?230:?,=20?+:%$;:9:,==4A,7 :?230: :4947?24,?20>: ?230:
,=>0#=,.6":,9/: 4942.®=0:/8:9>?=,?20>:7?30:,.?@,7:8:A08097?::1:?230:
,.<@4>474:9+

“+#30:09/::1:?230:>70B:?::?230:?,=20?D>:0C;0.?20/:7:.,?74:9%
pt:i>3:=?2:>;4=,7:>0,=.3%
f+x:,=>0#=,.6:9@7?,?74:9>:?2::7:.,?70:?230:;3:?2:.09?0=4%

-+ &,76 :B9:?::7:.,?70:49?20=10=:807=4.:9@77+%
,E#=,.6492:49: 490 :.6%

:?20%:#30:0C,8;70:/0:;442®=0B+>:.3:>09:1:=:472>:.70,=:/08:9>?2=,?24:9::1

, . <@4>4%840C,8,70:4>:,?D;4.,7 :,>:?230:°5:/4110=09.0:-0?B009:?730:0C;0
11:?730:?7,=207?:4>:@9@>@,77D:7,=20%: :=0:?D;4.,7:84>>°/4>?7,9.0>:,=0:3£17§

142


http://www.stsci.edu/files/live/sites/www/files/home/hst/instrumentation/fgs/_documents/fgs_dhb.pdf

Figure A.1:Location of IFOV as FGS Acquires a Target
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Figure A.2: Offset of True Null from Sy=0
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Figure A.3: X,Y Position in Detector Space of FGS 30s IFOV During WalkDown to FineLock and Subseqt
Tracking of a Star in FineLock
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Figure B.1: FGS1r S-Curves: Before and After AMA Adjustment
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Figure B.2: FGS1r S-Curves: First Six Months After AMA Adjustment
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Figure B.3: FGS1r S-Curves: Second Six Months After AMA Adjustment
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Figure B.4:Optimized FGS1r S-Curves Used in Angular Resolution Test
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Figure B.5: FGS1r Transfer Function: Change in Angular Separation of a Binary
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Figure B.6: FGS1r Transfer Function Amplitude w/ Binary Separation
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