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FGS Interferometric Response (the “S-Curve”)Figure 1.1: 
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Figure 1.2: FGSs in the  Focal Plane (Projected onto the Sky)HST
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FGS Star Selector GeometryFigure 1.3: 
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FGS1r Optical Train SchematicFigure 2.1: 
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Light Path from Koesters Prisms to the PMTsFigure 2.2: 

"8,77ऺ=:?,?4:9>ऺ:1ऺ?30ऺ>?,=ऺ>070.?:=ऺ�ऺ,9/ऺ�ऺ,>>08-740>ऺ,7?0=ऺ?30ऺ/4=0.?4:9ऺ:1ऺ?30ऺ?,=20?ௐ>ऺ.:7748,?0/ऺ-0,8ய
,9/ऺ309.0ऺ ?30ऺ ?47?ऺ:1ऺ ?30ऺ 49.4/09?ऺB,A01=:9?ऺB4?3ऺ=0>;0.?ऺ ?:ऺ ?30ऺ�:0>?0=>ऺ;=4>8>ற 4>ऺ,ऺ>48;74140/ऺ�42@=0ऺவறஶऺ
477@>?=,?4:9ऺ:1ऺ�:0>?0=>ऺ;=4>8ऺ49?0=10=:80?=Dறऺ�>ऺ?30ऺB,A01=:9?ऺ=:?,?0>ऺ,-:@?ऺ;:49?ऺ-யऺ ?30ऺ=07,?4A0ऺ;3,>0ऺ:1
?30ऺ ?=,9>84??0/ऺ,9/ऺ =0170.?0/ऺ-0,8>ऺ.3,920ऺ,>ऺ,ऺ 1@9.?4:9ऺ:1ऺ,9270 &309ऺ ?30ऺB,A01=:9?ௐ>ऺ;=:;,2,?4:9ऺŠறऺ
A0.?:=ऺ4>ऺ;,=,7707ऺ?:ऺ?30ऺ;7,90ऺ:1ऺ?30ऺ/4070.?=4.ऺ>@=1,.0ऺ஫-ர/஬ऺ,ऺ.:9/4?4:9ऺ:1 =0>@7?>யऺ,9/ऺ?30ऺ49?0=10=:80?=4.ऺ9@77ऺ
=07,?4A0ऺ49?09>4?40>ऺ:1ऺ?30ऺ?B:ऺ080=209?ऺ-0,8>ऺB477ऺ4/0,77Dऺ-0ऺ0<@,7றऺ&309 4>ऺ9:?ऺE0=:யऺ?30ऺ49?09>4?40>ऺ:1ऺ?30ऺŠऺ
701?ऺ,9/ऺ=423?ऺ:@?;@?ऺ-0,8>ऺB477ऺ-0ऺ@90<@,7ऺ,9/ऺ?30ऺ��#>ऺB477ऺ=0.:=/ऺ/4110=09?ऺ;3:?:9ऺ.:@9?>ற



26

The Koesters Prism: Constructive and Destructive Interference.Figure 2.3: 
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Full Aperture S-Curves of the Original FGSsFigure 2.4:
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Improved S-Curves for Original FGSs when Pupil is in PlaceFigure 2.5:
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FGS1r S-Curves in Full Aperture Across the PickleFigure 2.6: 
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FGS1r S-curvesFigure 2.7:
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FGS1r S-curves 2005Figure 2.8:
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Shows the changes in the FGS1r S-curves resulting from the January 2009 AMA adjustment.Figure 2.9:

வறஹऺ��"ऺ�;0=?@=0ऺ,9/ऺ�47?0=



38

வறஹऺ��"ऺ�;0=?@=0ऺ,9/ऺ�47?0=

வறஹறழऺ��%ऺ,9/ऺ�0?0.?:=ऺ�::=/49,?0>
வறஹறவऺ�47?0=>ऺ,9/ऺ";0.?=,7ऺ�:A0=,20

வறஹறழ ��%ऺ,9/ऺ�0?0.?:=ऺ�::=/49,?0>ऺ
�42@=0ऺழறவऺ>3:B>ऺ?30ऺ�"#ऺ1:.,7ऺ;7,90ऺ;:>4?4:9>ऺ:1ऺ?30ऺ��">ऺ,>ऺ;=:50.?0/ऺ:9?:ऺ?30ऺ>6Dற 4>ऺ>4847,=யऺ�42@=0ऺவறழளऺ
-@?ऺ49.7@/0>ऺ?30ऺ,//4?4:9ऺ:1ऺ?B:ऺ>0?>ऺ:1ऺ,C0>஽ऺ?30ऺ��"ऺ/0?0.?:=ऺ.::=/49,?0ऺ,C0>யऺ,9/ऺ?30ऺ��"#�!�ऺ.::=/49,?0
,C0>ऺ஫@>0/ऺ49ऺ?30ऺ�3,>0ऺ��ऺ;=:;:>,7ऺ49>?=@.?4:9>ऺ?:ऺ0C;=0>>ऺ?,=20?ऺ:11>0?>஬ற

ऺ#30ऺ/0?0.?:=ऺ=010=09.0ऺ1=,80ऺ,9/ऺ?30ऺ��"ऺ#�!�ऺ=010=09.0ऺ1=,80>ऺ/4110=ऺ1=:8ऺ0,.3ऺ:?30=ऺ ऺ1=:8ऺ?30ऺ,9/
%034.70ऺ�::=/49,?0>ऺ%வய%ஶऺ஫:=ऺ$வய$ஶ஬ற

�,.3ऺ��"ऺ��%ऺ.:A0=>ऺ,;;=:C48,?07Dऺஹ஼ऺ><@,=0ऺ,=.849யऺ0C?09/492ऺ=,/4,77Dऺ1=:8ऺழளऺ,=.849ऺ?:ऺழஷऺ,=.849ऺ1=:8
?30ऺ ௐ>ऺ-:=0>423?ऺ,9/ऺ,C4,77Dऺ஻ஶறஶऺ/02=00>ऺ:9ऺ?30ऺ4990=ऺ,=.ऺ,9/ऺ஻ஸऺ:9ऺ4?>ऺ:@?0=ऺ,=.றऺ#30ऺ���%ऺ/0?0=8490/ऺ-D�"#
?30ऺ>?,=ऺ>070.?:=ऺ,>>08-740>ऺ,9/ऺ1407/ऺ>?:;>ऺ4>ऺ1,=ऺ>8,770=யऺ.:A0=492ऺ:97Dऺஸऺ௔ऺஸऺ,=.>0.றऺ�?>ऺ7:.,?4:9ऺB4?349ऺ?30
;4.670ऺ/0;09/>ऺ@;:9ऺ?30ऺ"?,=ऺ"070.?:=ऺ�ऺ,9/ऺ�ऺ=:?,?4:9ऺ,9270>றऺ#:ऺ:->0=A0ऺ>?,=>யऺ?30ऺ>?,=ऺ>070.?:=ऺ,>>08-740>
8@>?ऺ-0ऺ=:?,?0/ऺ?:ऺ-=492ऺ?30ऺ���%ऺ?:ऺ?30ऺ?,=20?றऺ#34>ऺ;=:.0/@=0ऺ4>ऺ.,770/ऺ>70B492ऺ?30ऺ���%ற

#30ऺ ஫'ய(஬ऺ 7:.,?4:9ऺ :1ऺ ?30ऺ ���%ऺ 49ऺ ?30ऺ ;4.670ऺ 4>ऺ .,7.@7,?0/ऺ 1=:8ऺ ?30ऺ "?,=ऺ "070.?:=ऺ �9.:/0=ऺ �9270>ऺ @>492
.,74-=,?0/ऺ?=,9>1:=8,?4:9ऺ.:0114.409?>றऺ�,.3ऺ��"ऺ3,>ऺ4?>ऺ:B9ऺ/0?0.?:=ऺ>;,.0ऺ.::=/49,?0ऺ>D>?08யऺ?30ऺ஫'ய(஬��#ऺ
,C0>யऺ,>ऺ>3:B9ऺ49 றऺ��"வऺ,9/ऺ��"ஶऺ,=0ऺ9:849,77Dऺ:=409?0/ऺ,?ऺ஼ளऺ,9/ऺழ஻ளऺ/02=00>ऺB4?3ऺ=0>;0.?ऺ?:ऺ�42@=0ऺவறழள
��"ழ=யऺ-@?ऺ>8,77ऺ,92@7,=ऺ/0A4,?4:9>ऺ,=0ऺ;=0>09?ऺ஫,..:@9?0/ऺ1:=ऺ49ऺ17423?ऺ>:1?B,=0ऺ.:9?=:7ऺ,9/ऺ/,?,ऺ=0/@.?4:9
;=:.0>>492஬றऺ#30ऺ��"ऺ/0?0.?:=ऺ=010=09.0ऺ 1=,80ऺ 4>ऺ@>0/ऺ?3=:@23:@?ऺ ?30ऺ;4;07490ऺ;=:.0>>492றऺ#30ऺ��"ऺ#�!�
.::=/49,?0ऺ ,C0>யऺ ஫'ய(஬��"யऺ >3:@7/ऺ -0ऺ @>0/ऺ ?:ऺ 0C;=0>>ऺ :11>0?>ऺ ?:ऺ ?,=20?ऺ ;:>4?4:9>ऺ 49ऺ ?30ऺ �3,>0ऺ ��ऺ ;=:;:>,7
஫";0.4,7ऺ!0<@4=0809?>ऺ.:7@89஬றऺ"00ऺ றஹறவறவऺ#,=20?ऺ�=409?,?4:9ऺ%4>4?ர70A07ऺ";0.4,7ऺ!0<@4=0809?>

#30 $வய$ஶऺ.::=/49,?0>ऺ1:=ऺ?30ऺ,;0=?@=0ऺ=010=09.0ऺ;:>4?4:9ऺ஫/01,@7?ऺ;7,.0809?ऺ:1ऺ,ऺ?,=20?஬ऺ1:=ऺ,;;=:C48,?0ऺ
0,.3ऺ��"ऺ,9/ऺ?30ऺ,9270ऺ1=:8ऺ?30ऺம$ஶऺ,C4>ऺ?:ऺ?30ऺம( ,9/ऺம( �C4>ऺ,=0ऺ24A09ऺ49ऺ றऺ#30ऺ,9270>ऺ,=0��#ऺ ��"ऺ #,-70ऺவறஶ
80,>@=0/ऺ 1=:8ऺம$ஶऺ ?:ऺம(ऺ 49ऺ ?30ऺ/4=0.?4:9ऺ:1ऺ ம$வऺ ஫:=ऺ .:@9?0=.7:.6B4>0ऺ 49 ஬றऺ�:?0ऺ ?3,?ऺ ?30ऺ ��"ऺ �42@=0ऺவறழள
49?0=9,7ऺ /0?0.?:=ऺ .::=/49,?0ऺ =010=09.0ऺ 1=,80ऺ ,9/ऺ ?30ऺ ��"ऺ #�!�ऺ =010=09.0ऺ 1=,80ऺ 3,A0ऺ :;;:>4?0ऺ ;,=4?40>
,7:92ऺ?304=ऺ=0>;0.?4A0ऺ'ர,C0>ற

�;;=:C48,?0ऺ!010=09.0ऺ�:>4?4:9>ऺ:1ऺ0,.3ऺ��"ऺ49ऺ?30ऺ�"#ऺ�:.,7ऺ�7,90#,-70ऺவறஶ஽ऺ

�;0=?@=0 $வ
஫,=.>0.஬

$ஶ
஫,=.>0.஬

�9270ऺ஫1=:8ऺம$ஶऺ,C4>஬

��"ழ= ்஺வஶ மழள ோவ஺ள

��"வ=வ ள ம஺வ஼ ோள

��"ஶ ம஺வஹ மஹ ோ஼ள

https://hst-docs.stsci.edu/display/FGSIHB/1.4+Technical+Overview%23id-1.4TechnicalOverview-fig1.2
https://hst-docs.stsci.edu/display/HPIOM/6.2.2++Target+Orientation+Visit-level+Special+Requirements


39

FGS Proposal System and Detector Coordinate FramesFigure 2.10: 
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FGS1r Filter TransmissionFigure 2.11: 
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PMT EfficiencyFigure 2.12: 
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Comparison: PC Observation v. FGS ObservationFigure 3.1: 

The figure on the left is from an observation by Niemela et al. (1998) of the WR+OB binary WR 146. They measure an
angular separation of 168  mas. The figure on the right is a simulation of an FGS1r observation of the same object.±31

The separation of the stars could be measured to better than 1 mas.
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Simulated PC Observations v. FGS Observations of a 70mas BinaryFigure 3.2:

The figure on the left is a TinyTIM simulation of a PC image of a 70 mas binary composed of stars of nearly equal
brightness (no dithering). The figure to the right is an FGS simulation of the same observation. Note that the binary
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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Comparison of FGS1r and FGS3 Transfer Mode PerformanceFigure 3.3: 
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Relative Orbit of the Low-Mass Binary System Wolf 1062 ABFigure 3.4: 

 shows the orbits of the components of Wolf 1062 about the system’s barycenter. This has been determinedFigure 3.4
from both Transfer mode observations, which yield the relative orbit, and Position mode observations, which map the
orbit of the primary relative to reference stars distributed about the FGS FOV (in effect establishing the inertial
reference frame). Note that the Position mode data also yield the system’s parallax and proper motion.
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Mira-type variable with a resolved circumstellar diskFigure 3.5: 

ஶறஹऺ!07,?4A0ऺ�3:?:80?=D



55

ஶறஹऺ!07,?4A0ऺ�3:?:80?=D
&3470ऺ:->0=A492ऺ49ऺ�:>4?4:9ऺ8:/0யऺ��"ஶऺ>0=09/4;4?:@>7Dऺ:->0=A0/ऺ?30ऺ:@?-@=>?ऺ:1ऺ,ऺ17,=0ऺ:9ऺ?30ऺ90,=-Dऺ>?,=
�=:C48,ऺ�09?,@=4ऺ஫ யऺ>00ऺ�090/4.?ऺ0?ऺ,7றऺழ஼஼஻஬றऺ#30ऺ��"ऺ3,>ऺ,7>:ऺ-009ऺ@>0/ऺ?:ऺ80,>@=0ऺ?30ऺ=07,?4A0�42@=0ऺஶறஹ
17@Cऺ:1ऺ,ऺ>?,=ऺ/@=492ऺ,9ऺ:..@7?,?4:9ऺ:1ऺ?3,?ऺ>?,=ऺ-Dऺ?30ऺ�0;?@94,9ऺ8::9ऺ#=4?:9ऺ஫ ஬யऺ,9/ऺ?30ऺ/,?,ऺB0=0�42@=0ऺஶற஺
>@->0<@09?7Dऺ@>0/ऺ?:ऺ0C,8490ऺ?30ऺ?30=8,7ऺ>?=@.?@=0ऺ:1ऺ#=4?:9ௐ>ऺ,?8:>;30=0ऺ஫>00ऺ�774:?ऺ0?ऺ,7றऺழ஼஼஻ऺ,9/ऺ�774:?ऺ0?
,7றऺவளளள஬ற

#30ऺ,->:7@?0ऺ��"ऺ;3:?:80?=4.ऺ=0>;:9>0ऺ:1ऺ��"ऺஶऺ3,>ऺ-009ऺ>?,-70ऺ,?ऺ?30ऺவனऺ70A07ऺ:A0=ऺ?30ऺ;,>?ऺ0423?ऺD0,=>ऺ஫�ற
!00/யऺ���::/=4.3஬றऺ ��"ழ=ऺ 4>ऺ0C;0.?0/ऺ ?:ऺ-0ऺ,>ऺ >?,-70ऺ:=ऺ-0??0=றऺ �:=ऺ =07,?4A0ऺ;3:?:80?=Dऺ:9ऺ ?480ऺ>.,70>ऺ:1
:=-4?>யऺ?30ऺ��"ऺ3,>ऺ-009ऺ>3:B9ऺ?:ऺ-0ऺ>?,-70ऺ,?ऺ?30ऺழऺ84774ர8,294?@/0ऺ70A07யऺ?3@>ऺ,11:=/492ऺ,9ऺ:;;:=?@94?Dऺ1:=
ளறழ்ளறவனऺ?480ऺ>0=40>ऺ;3:?:80?=Dற

ऺ



56

Flare Outburst of Proxima Centauri as Observed with FGS3Figure 3.6: 
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Triton Occultation of the Star TR180 as Observed by FGS 3Figure 3.7: 
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Default FESTIME as a Function of V Magnitude for F583W FGS1r: NEA as a Function ofFigure 4.1: 
Magnitude and FESTIME
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A Sample Visit GeometryFigure 4.2: 

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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Binary S-Curves Generated from FGS1r X-Axis DataFigure 4.3: 
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https://hst-docs.stsci.edu/display/FGSIHB/3.3+Transfer+Mode+Binary+Stars+and+Extended+Objects%23id-3.3TransferModeBinaryStarsandExtendedObjects-fig3.1
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FGS1r (F583W) S-Curves: Single and Co-AddedFigure 4.4: 
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Evolution of S-curve morphology along the FGS1r Y-axisFigure 4.5:
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Overlay of the pointings used for the FGS3 OFAD calibrationFigure 5.1: 

ऺ
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Overlay of pointings used for the FGS1r OFAD calibrationFigure 5.2: 
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FGS2 Guide Star Motion at the Onset of a Day/Night TransitionFigure 5.3: 
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Effects of Jitter on an FGS1r S-Curve (single scan)Figure 5.4: 
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Temporal Stability: FGS3 v. FGS1rFigure 5.5: 
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Example 1: Field of View at Special OrientationFigure 6.1: 
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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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Example 2: Field of View at Special OrientationFigure 6.2: 
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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_Iterations: 1
   Time_Per_Exposure: 1729S
Special_Requirements: 
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Example 3: Trans + Pos Mode VisitsFigure 6.3: 
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Example 4: Trans + Pos Mode ExposuresFigure 6.4: 
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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

�3,;?0=ऺ஺஽ऺ��"ऺ�>?=:80?=Dऺ�,?,ऺ�=:.0>>492
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CALFGSA Common Processing TasksFigure 7.1: 
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CALFGSA Transfer Mode Processing TasksFigure 7.2: 
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CALFGSB Position Mode Processing Figure 7.3:
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Location of IFOV as FGS Acquires a TargetFigure A.1:
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Offset of True Null from S = 0Figure A.2: y
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X,Y Position in Detector Space of FGS 3’s IFOV During WalkDown to FineLock and SubsequentFigure A.3: 
Tracking of a Star in FineLock
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FGS1r S-Curves: Before and After AMA AdjustmentFigure B.1: 
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FGS1r S-Curves: First Six Months After AMA AdjustmentFigure B.2: 
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FGS1r S-Curves: Second Six Months After AMA AdjustmentFigure B.3: 
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Optimized FGS1r S-Curves Used in Angular Resolution TestFigure B.4:
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FGS1r Transfer Function: Change in Angular Separation of a BinaryFigure B.5: 
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FGS1r Transfer Function Amplitude w/ Binary SeparationFigure B.6: 
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