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PREFACE

NOTE: Parts of thi longer apply to the data in MAST, in a dif with an updated
pipelinc. i Us th by
Dixon ef al. PASP, 2013

of the MAST.

The HUT Instrment Handbook s nended 1 serve  varcy of funtions
new

i the flight crew. As a result, different readers will want to concentrate on specific:

sections to accomplish their «primry objctivs oo ook o updated in future revisions to reflect new calibration data and actual flight

performance for HUT on As

The introduction give HUT and st will e of s ol eders. P thosepanning o write oervingproposels,
d section 5, . will p “The article *“The Hopkins Ultraviolet Telescope: Performance an
Calibration during the Astro-1 Mission" by Davidsen et a. (Apl, 392, 264-271, 1992 June 10) s lso recommended reading. Proposers who push the
capabiltieofhe tclescope atstherthe fint end orthebright e should consult setion 4 on caliration o gain et s of what s possble nd

ity e il o i an guestionsboutHUT' capabile,do ot st conslt with D, Willam . Bl who s srvin s e i
HOT Guest I Hopkins University led

Suecssul st inesigators,nw team mtbers,and he gt crwar rge o read the whol ook for o comgrshensive view of HUT and i
operstion bothnobit and onth ground. Foruserswho will bedirclyasoisedwith HUT operstions setons 2 and 3 descringthe hardvarsand
% operaton will be mostviable . , o estion o ision plaing
provide th bt Bnckgnound. For s o HUT da, e rom ASro of Ao, acdion on calibraton and scton  on iking o

feshilly The

ly e might have, bt will refer he

for

Reprints of artcles based on HUT Astro-1 data which were accepted for publication before the cnd of 1992 have been collected in a book, Scientific
Results from the Hopkins Ultraviolet Telescope (ed. A. F. Davidsen), which is available on request. (Call Sharon K. Busching at 410-516-5367, or send
electronic mail to skb@pha hu.cdu).
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NTRODUCTION

“The Hopkins Ultraviolet Telescope (HUT) s one of three major instruments that comprise the Astro Observatory. It mounts on the Spacelab Instrument
Pointing System (IPS) along with the Uliraviolet Imaging Telescope (UIT) and the Wisconsin Ultraviolet Photo-Polarimeter Experiment (WUPPE). The
observatory is attached to the cargo bay of the Sps S Al hree ¢ operated Th

Astro Observatory mounted in the Shutle as it will be configured for Astro-2 is shown in Figure 1.1

Figure 1-1:

N2,




Table 1-1: HUT Design C istics for Astro-2
Telescope

Prime Focus Paraboloid
Aperture

Collecting Arca.

Focal Ratio

Plate Scale

Mirror Coating Silicon Carbide

Concave Grating, Rowland Circle Design

Grating Diameter 200 mm
Radius of Curvature 400 mm
Groove Density 600 lines mm~"
Coating Silicon Carbide
Dispersion 415 & mm=t
Wavelength Coverage

—First Order 814-1876 &
—Second Order 407-938 &
Detector

Microchannel Plate Intensified Linear
Photodiode Array (Pulse-Counting)

Photocathode Cesinm lodide
Active Length 25 mm
Diode Size 25 pm x 2.5 mm
(~1 A diode™)
Number of Diodes 1024
Spectrograph Resolution 75 pm
—First Order ~34
—Second Order ~154
Time Resolution 1ms in high time mode
25 in histogram mode
Absolute Timing 3ms
Maximum Event Rate (point source)
—Across Amay 5000 cts s
—Emission Lines 20 cts A4 5=t
Dark Count Rate 0.001 cts A1 =1
The HUT is an for (R ry of fa cal objects (m,, S 6) at far- and extreme-
ultraviolet wavelengths (415-1860 A) with special emphasis on the region between L)mqn Q (lZIﬁ A)and the Lymun Timit (912 A). Its principal
lements are 2 90 em 2 prime pe. a normal " w ‘plate detector, an integrating SIT
vidicon . ond o dedicuied P) for pi

[

el asa spectrometer processor (SP) that iterfaces with the deector, Spectra arc mcordcd i 2043 channcls i pulc countin mode wih 2 e
resolution of | mse, except f s 2 s given in Figure 1-21 and the
Eosrmenthiracics e mmissed m T 11 A desrion o the peomence sndcoraton o HUT duin the A mision s iven by
Davidsen etal. (1992)

Figure 1-2: 1 Im (dame
Paver supplics, compatrs, e, ars hcated i  seprate clectrnics module, ot o,




“The HUT interfaces 10 the § s “The avionics, which . tape dr ¢ components
needed for experiment control and data handling, is mounted on two pallets and inside a pressurized container called the Igloo. The Astro telescopes are
mounted on a cruciform structure which is atiached to the Instrument Pointing System (IPS). The IPS provides a stable pointing platform for the
observatory; it is used to acquire and track targets of interest. The Payload Specalist (PS) views target felds imaged by the HUT acquisition camera on
the Shuttle TV system. Using this image, a detailed finding chart, and the expected locations of up to three guide sars that are marked in the video image
by the HUT DEP, the PS acquires the desired targets. Spectral data and video images are sent (o the ground and displayed on the Telemetry Experiment
Ground Support Equipment (TEGSE) at the Payload Operations Control Center (POCC) in real time for evaluation by the experimenters. The PS will
normally control HUT from the Shutle aft light deck, but in the POCC can also iy observing
sequences by uplinking commands

f two packages: the telescope (TM), the opics, spectromeer, and detector system within an
environmental control canister (ECC); and DEP and the SP) and other
electronics necessary for thermal control and mechanism operations. The location of the hardware on the cruciform structure which is used (o attach the
instruments to the IPS is shown in Figure 1-3. A more detailed description of the hardware, its operation, and calibration will follow.

Figure 1-3: (a) Th tckscope modale (TM) mouned o the cuciform:
) TheuT .
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HARDWARE

The HUT tlscope module s atached 1 the by means of| are configurcd with the other
Astro instruments. The le s located on system (IRS) Reen jecton of st gnerid by the
eleeoni componens Thers mmmmuuunm“mmm wuum e with th othernstruments, The HUT opte, petrometr, and deetor re
all d . (ECC), shuterdoor assrbly, and 1 forard baile secton as shown in
mu e Tt e seeon ocues .\\lhchm\ul:hcl(( c;.\\nhbhlbu{ﬂcnndxlvcmm\ ranstion clement. Theshaer door povide fo
light e restrict C

Provides or contanation protestion and the maienance Tabie el ervammen The prmcmalc\cm nis contained within the ECC are the
primary mito nd o el the metering cylinde nd pidr arms, th sectomee,the deecor, andthe acquision TV camea. They st shown in
Figure 2:2 and are deseribed below

re 2-1: The HUT cetome (ECC),a st door
ssembly. and  forwardbofle section

o i
S6CTiam (EXIO MM WBE)

Figure 2-2: «
detector, and the acquision TV camers.



i
CONTROL CAMISTER

L~ SPECTROMETER ASSENBLY

SHOTTER DooR AsSErBLY

o Primary Mirror

© Aperture W embly

o Calibration
© Vacuum Pumps

« Detccin
* Acquisiion TV Camera
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Primary Mirror

For the Astro-1 flight, the primary mirror was made of Zerodur, which has a very low thermal expansion coefficient (@ = 0.7 x 1077 ® C~%). Itisa

90 cm 72 parabola that has been lightweighted by grinding materil offthe back. A cross secton of the mirror is shown in Figure 2:3, The mirror was
figured to provide 90% of the encircled energy within 1” and was coated with iidium for bigh reflectivity in the ultraviolet. It s supported in the

primary mirror cell by a clamping structure as shown in Figures “The mirror clamp i then attached to the mirror cel by three lincar actuators
e . T e e o b e 1 o 1 g e HOT optic. The mirmor el, the mirorcamp,andth Focus mechanisms are all
made of INVAR which also has a low thermal expansion coefficient (¢ = 7 X 1077 )

The HUT primry misror show with s lampin srctur attsched 0 the
mitr el asembly by th focus mchanis.

Figure 2-3:

he far-UYV throughputofthe elscope has been
‘The physical characteristics of this mirror (which was the backup mirror for Aslm I) :ne nemy \deuncvl 1o the original flight miror, but the b\L cmlmg
placed over theirdum improves the ar-UY reflectivity by a fctorof . Unfortuately, the EUV response below 600  isconsiderably les.

If needed, the HUT primary mirror can be i with the WUPPE away

Normaly the WUPPE sccondry mitor will be e forco-alignment, siceth o -axs opticl abrratons rs s severe or WUPPE um\ o HOT

To focus or align HUT, the primary mirror along hole, f ptic tilted. Each

of e focus mechaniams s poered ndiidually by oo whiehdrives !meur scaor e 1 the prary mirr uvmp «ssemhh X Sngie 400 113
verter located n the EM drives althe HUT mechanisms and

(o or v the f differential

Control of the motors s furnished by the DEP, which is located inthe EM. Position sensing potentiometers mounted on the gears ofthe differential screw
meshanism provid the DEP ith e posiionofcah mechanism. The softwar provids o varous modes of mior motn,all o whih ey on o
calculation of the run-time for cach motor tion is completed, the are checked 0
determine if the correct position has been reached. prpa message it any one e mchanim ot by more than a preset lower limit (4 1t

m),

Using el imag plac s he et ofthe HUT TV caers,hecrw will focu th escopo by commandingthe primary mitr o move fore
1. The mirror can also be automatically offset, scanned, or rastered during an observation by placing the necessary information in a sequence file

Theobianaton sequence files will be discussed later

‘N | previous| Conten

Next: Metering Structure Up: HARDWARE Previous: HARDWARE
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Metering Structure

he metering s, whiccosis o e metrng eylinderaad e spderac asrsy i desiged o atachthespectrometst o e ior el snd
maintain its position emperature.
variaons. The mteing cylmdﬂ has a series of light baffles mounted on i o v e hgh! Vo high voltage power supplics and the
HUT TV camery e mounted onthe piderams i poitions wher ey blok he et amount of ncoming lgh. Therlaonsip betwcen the mecring
structure and the other components of the telescope can be seen in Figures 1-2 and 2-2.

62311999
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Spectrometer
The spectrometer, shown in Figure 2-4, consists of a sainless steel housing, an enirance aperture wheel assembl 1 i
grating. a Jate detector. lamp, and two redundant vacuum fon purps. The spectrometer housing is
fabricsed ofstanlss st 10 producea clea vacuum enonmentand sl pe hema den. Becans e ermal xencioncocMeim

a — 1.7 % 1075 © C~Lyis considerably higher than that of the INVAR g the location on

chosen uch hat the ifrent el the stainless scel d the INVAR o net change in the
ocation o the telescope.

Figure 2-4:

pumps,

Aperture Wheel Assembly
Difl: i

Diflraction Grating.

 Vacuum Pumps

6/23/1999
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Aperture Wheel Assembly

‘The aperture wheel assembly consists of a housing, a drive motor with reduction gearing, a mechanical geneva mechanism for indexing the wheel, and an
spesturs whes, Ony the wlet i shown i cross st in Fige 24 Theapenre wheel s made of i a3 ha  thindisk of ikel e cpper

mounted o s upper suface. Thersarecight posit én of which cont holes to admit Tight
which has vacuum seal. The ap izes for the Astro-2 configoation of HUT are given in Table 2.1
Table 2-1: Aperture Wheel Positions
Astro-1 Apertures | Astro-2 A pertures
Apetwre|  Size  Filter| Size  Filter | Comments
Position %) Type [0) Type
0 |Blank — | Blank — | Sealed position
1 296 diameter — 12 diameter —
2 9.4 x116 — | 32 diameter —
3 300 diameter Al | 32 diameter Al
4 174 diameter — | 163 diameter ~— | Calibration only
5 [17x116 CaF, |10 x 107 -
6 17x 116 — 10 x 56 —
T 17 diameter — | 20 diameter —
The axis of the wheel i ilted 225 to the optcalaxis the disk s op thatthe image of the ficld

urounding h source s efcted e he T camers, hich s ot n o of he pidr st 45° o h optice i ofhe tlscape. The
‘eneva mechanism uses approximately one half of a drive wheel cycle to rotate the wheel 45° and the remaining drive wheel eyele 1o unclamp and
reclamp the aperture wheel to provide a vacuum seal “The nominal posiion i 25,6 sc. The fiml posi

of the whel is dependent solely on mechanical tolerances of the geneva mechanism. The aceuracy of placement is ~ =+ 0.6” projected onto the sky or

5 pum i the focus direeton. The positon of th cente of cach aperture,in TV camera coordinats, is maintained inthe DEP memory. For the purpose

fidu during an observation is generated by the DEP and placed in the video image.
Thercis st st of okt e v ‘zearing which must be accounted for by the DEP when generating the location of the aperture.

Nex| U] Prevous| Contens
Neat: Diffacton Ging Up: Spectromtes revious: Speciomete
w2319




‘x| Us] Prevous] Contens|
Next: Calibration Lamp Up:.

Diffraction Grating
s fubricated out of stainless steel so that itsradius xpand and contact s the same e s s sescomets

housing and thus maintain proper focus. L-1, and it i sh in Eigure 2-4, It was ruled
olographicaly on an optical maserand he epicated oo th sanles el ok Tor A e erting hosbeen conted with ilicon carbide and s

about 0% more efficient than the osmium-coated grating used on Astro-1

6/23/1999
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Up:
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Calibration Lamp
tube and the detector. Itis

indicatedas he “Referencelamp" i Ligutt 8 From his lcaion, o of he el lncs ,.m.m by the lamp fall on the detecor face. A wide slit

placed overhelamp provides ines e shou 80 picl wide,with s wak in i

1490. Thest o es he detector

the smsmvn\) rohont e monumen: mareion. T do 11 proide 8 dothey yield a

id provide a means of tracking any deg of
fthe

62311999
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Vacuum Pumps

The with a window and a vacuum atall times
throughout for flight, Two fon pumps vacuum within the spectrometer, and a valved
- the ground perations. T o sl mal punp e e s " Varian *Vaclon"
pumps, wi high Several lable for these
oy cither th Spacelab Experiment t

punps Fur urbm\l oertons the power is supp
or grol rations, the power is nlwﬂlpplled by a number of external power supplies through various conneetors including finally the T-0
Tt i Ao s e Shtle.

62311999
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Detector

Figure 2-5: A schemasc dawing ofthe inensifed
Photodiode ey dtecor

Thedtetrn et ot ey s desrbod o detll by Lo . (1985 The mnge i ponton o e detesto conis of
0 25 mm 80:1, 10 g m pore microchannel plates (MCP 20 phosphor fiber optic, al

mounid it modifed Varin Cof Tane. The photoathode el s sium i () deposie, n iy, ity t the ot s of
the top MCP Mounted against the back of the ntensifer fiber optic s a 1024 channel Reticon photodiode ara jual photodiodes
25 i1 X 3.5 2 Indidualphon evnts e s deecuble gl i abou 12 photodiden. The sy s scanec and diised i 1 e by he

Reticon ontroleectroics, whic s mounted los 0 the detetoron o of the spider ams. The Spectrometer Procssor (SP) then cniroids these
events 1o aocuracy of 113 dhode an provides 2048 pixl ilogram o h locon of sach hotan o te deteto. i gves & wavelgih aceuracy
£~ 0.5 A In high time.reolution mode the SPalo outputs st of events with herlcatonsand o~ L msee.

the detector system are listed in Table 1-1 and a schematic is shown in Figure 2-5.

‘N s previous| Conten

Next: Acquisition TV Camera Up: HARDWARE Previous: Vacuum Pumps
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Acquisition TV Camera

The TV camera, mounted on the one of is pointing e The camera was i by
Videospction (fomely EDO-Westem). A 9 x 12 remin f s reflected from cd by a transfer lens
onio th fce of e TV camer. The camera incrporstes an RCA 4804 Silcon grting Trgl (SIT) vidicon e an b o ne ey
eyt et obseiaton of bt 1 ant s V=17 or s bright V= T TV imae izt v h DEP i 1 4 AP comrer

red in a video RAM. Lor
i imegration i e o i s, bt ey v rom 250 16 seonde. The g ot dpised on e Shtles Cloed
Circuit TV (CCTV) system and used by the crew {0 cente the source inthe spectromeler aperture a th startof an obscrvation. Centering s
sccomplished by ssung commans o th [P witha manua onig convolr oy sic) rfom an ertor g enere by the DEF. Al an
abservation i started,the TV image is used to p a

‘N | Previous| Conten

Next: OPERATIONS Up: HARDWARE

Previous: Detector
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OPERATIONS

Overview

© The Command Interface
o Downlink Data Formats

« Target Acquisition and Pointing Control

o Manual Target Acquisition

© Manual Pointing Control
ok on Targat

itution

POCC Operations
o POCC Capabilities
© POCC Positions and Schedule

62311999
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Overview

Since HUT o i he shule by for e exten of  relies on power, telemetry, and designed 10 be
hlike ou a : together
m,mumleem P
payload specialist (PS) maneuverlh: shutle contol the nsrumentponing syt (PS), nd operate HUT with a sct of computer terminals o e
shuttle. Th whic il e desribed i moredetail
below, for a target i similar in all cases slew 10 the
o he MS a1 PS . the videodinpey ot HUT scquishion TV comers o deniy e rgesand cemer s e HUT upcr\um using,
manual commands to control the IPS pointing direction. The IPS then normally tracks the guide stars identified in is three star trackers to stabilize the
pointing. The instruments are set up in the appropriate configuration for the current target, and the observation is commanded to begin.

While from the Payload
Opertons Conrl e Apoc(‘y St MISFC,and gmul\d comnolof e et wan e mode o operation et o e R v s e
fulare ofbth s . he that as
many v amages o Spoie specsof At opertons. and ops p for p combine

o stew and groundconrl.

Ground operations in the POCC also play a in during the More than 80% of the science.

data from HUT is available in real time in the POCC. in real time to optimize HUT (e.g.,optical

algnmens, foousing,detetor performance, i) and o valat the resuts of ohser\auons “The POCC team replans the science timeline based on these
-ompleted before the end of the mission.

s pecifcaspects o hor.
Nex| U] Prevous| Conteno
Neat: LT Gperations Ups OPERATIONS Previous: QPERATIONS
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HUT Operations

Nearly all HUT Dedicated operations performed offline during.
Cxperment ncgrtion. Deaiod xposions e llowing sctons can b found in the HUT Dedicated Experment Pocéesor Sofware Requirements
Document, Rev. E. April 1990.

‘The Command Interface:
 Downlink Data Formats
 DEP Operational Modes:

623/1999
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The Command Interface

Commands generated by the crew or telemetered o the shuttle from the POCC operate HUT through the Spacelab Experiment Computer (EC) and its
Exprinent ComguterOperingSyse (BCOS) ad Experiet Compuier Aplications Softase (ECAS). The EC communicates with HUT iough
the Remote Acquisition Unit (RAU). The RAU dircetly commands and monitors the essential instrument survival subsystems (such as main por
heater power, the Vac-lon pumpe s DEP powe and izt Onc the DEP s apruonl  proesescomands od monorsHUTbae

provide data 0 the SP for analysis. The SP feeds the processed data to the DEP for
formatting in the High Rate. Mnlnpluer\HRM 3ty soeam o s o th ground

HUT commands ae issed fiom iv display pages which canbe bought up o the PS's DDU. (Capis of these display pages may alo be viewed i the
POCC) These d visual reminder o required for each function, display associated staus data, and provide visual
I ‘warning limits or “The display pages are

o HUT Activation
 HUT Operations.
 HUT Spectrometer
 HUT Doors and Camera
 HUT Mircors and Heater

‘el e fot s shown i Figues J-L03:5 The HAC ey s gemrsted by an BCAS sk wing den ity from the RAU. while the others
sre DEP allocaid ilays wmnh et the DEP fo b activ or e Asane might gather fom th amss, e HAC page s uid 1o perfo e most

procedures are controlled by high v s o ot o o e
HOP page. HSP. HIC, and HAMH provide conrol of individunl suboyatems on HUT

Figure 3-3: Dispay HSP HUT Spectromeer.
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Downlink Data Formats

While  imied amount of HUT housckceping nformation i downlinkd i he daa scamgenerated by the Spacelal EC, e ul st of HUT

engineering parameters and science data require a much higher bi rate. The DEP formats a variety of telemetry frames for transmission through one
97,656 bit per sccond HRM channel. There arc § basic telemetry frame formats as summarized in Table 3-1

ble 3-1: HUT HRM Data Formats

Tl
Frame type Muemonic _Description

1 hg  Histogram data

2 s Single scan data

3 o Cumulative unprocessed data

1 Bt High time resolution data

5 ph Periodic histogram data

6 so  Status only data

7 v Integrated video data

815 vd TV camera video data.

The firstsix of these modes have a d pondence t the operational mode of the SP. During typical science obscrvations,spectrograph data are
ransmittd either i histogram mode, with a 2048 pixel s orin'high mode. In high time
resolution mode, ndividual events are tagged by lcation (1 o 2048) and amival 1 s, These frames 2

Every 60 ighime esolution mode  cumulative istogram i aansmited s oo hitogam frame “Fhis encures tht no data usell for
enifd the loss of individual ht frames, or high count rates prevent all events from

being transmitted. (Sources must have total count rates, including airglow, less than ~ 500 cts 5™ to prevent the buffers from overflowing in high
time resolution mode.

Single-scan aed o decor i it Each of the science frame types
header. Thi nly frame every 2 s whenever the SP is hibernating (a self-est st
e during South AiE Anomly pstages o rmed o, of wheneve the desetor 1 off

Vid e onth HUT TV caers e tansmied o aneghth of .l ey vy 2., T ks 161 st ol oo e, These
frames have intensities digitized t0 4 bits, s0 they serve o identify stars, but they do not make spectacular astronomical images.

A can be y tegrated ictue. n i mode the DEP tcgrates 16 bit mage over .43 x 53
pixel region around the center of the TV field of view for the requested “This can be useful for ly faint argets.

e L previoe] Cortens|
Next: DEP Operstional Mods Up: HLUT Opstions Previous: The Commund lnscfice
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DEP Operational Modes

“The display on the HOP page can be in one of The " Current" I display. and it reflects the actual state of
the HUT configuration. The “Plan” context is used to change the instrument parameters located in one of the five sequence files stored in the DEP
memory. cither horby using dt load. The * Preview" o be used for

'DEP when the SETUP command is given. The instrument configuration to be used can be

changed in the oo o beore e SETOP command given

The DE sl can o o fght operuionalstts:Resct,Lowd, Ry, Setup, Lot Obcrv, Pase, or Sl The DEP ntrs Rese mods o
power up or when given a hardware reset. npletion of the reset sequence, the DEP is ready to accept the inifalization load and program data.

Loading the DEP requircs ~ 7 mines. ,\ncmuccmmum the DEP enters the Ready state.

The SE' HUT foran places the DEP in P q 12 in the preview buffer
is then used to configure HUT for the At S 3 be changed by sendi
in the Current context
Once HUT has reached th ed fow minutes if several ), the DEP pr
Setup mode to Locate mode. The DEP will then Ioad. Table locue
modes, the pial et types hey r ued for and e mthd el Th DEP confgurs the HUT TV camera appropritey fo the chosen loc
mode. Fo Souree and Manuallocate, the o Guide Siar and one locate the TV camers & adsted

for the mean guide star magnitude.

“Table 3-2: HUT Locate Modes

Mode [ Target Type. Locate Method
Source [ Visible point source Use the target itsell
Manual | Complex field Tocation
(Guide Star [ Invisible or extended sources Use guide star positions
None.

After the PS is satisfied that the target is properly centered in the HUT aperture, the BEGIN command places the DEP in Observe mode. HUT can be
Camentontet o th next observatoncanbe cofigure by g

sequence in the ‘The DEP ipor g a PAUSE, QUIT, or o if the planned
abservation i e tarting from the BEG L and it does not sop for any reason.
When the it pr alitino place if ot arcady there,sts the TV camers parameters o he mean
guide star magnitude, at was issucd.
eferenced o s il lorauon Shine suidesars. C d *dither” will chmge
‘mask applied by the SP after a selected time inferval. (m SPcanbe to
ignore events in certain regions of the detector such as around geocoronal Ly by selecting a particular “mask™) When the time specified for me
Sccondary observation interval is completed, the DEP will repeat the Primary observation interval, and so on until the obscrvation is complete.
Upto3 n be specified in . cach with ie. The DEP moves the HUT mirror to
Thets. A regular pattern of offSet pointings can by g o s abservation. Th sequence load
specifies the slcp size AY and AZ in the HUT the number of ¥ and Z st time per dwell point in the pattern,
‘The PAUSE command can be used to suspend a Dither, Offset, or Raster abservation. Ds in the
Pause mode. Ifa pended with a PROCI One may also exit T,

BEGIN, or SETUP.

When the aqur ie DEP enters SLEW mode. The DEP uses the special sequence 0 stored in
memory o configur he insrument o SLEW mode, e s wteruating fr placed in ot ofthe TV camer o roect i against righ
objects during a  detector s o, background can be accumulated either as dark count if the slt is closed, or airglow data can be accumulated
e e aners uqmre the next target,

‘N s previous| Conten

Next: Target Acquisition and Pointing Up: HUT Operations Previous: Downl

k Data Formats
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Target Acquisition and Pointing Control

« Manual Target Acquisition
oM £ C

Lock on Target
‘Sensor Substiution
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Automated Acquisitions with the IPS

“The IPS was designed to provide all for the Astro tel femcatcd by the HUT squison TV
camera and the ASTROS Star Tracker (AST) mounted on UIT. e fixed 2 » P s

IPS, one bore-sighted with the telescopes, and the other two skewed at 12° angl e Gy motions ..m
preserseknowledge o the piting dieton dutngsevs nd other nrvas hen e 0S8 st kg sar Once xm 10 dif s and the racker

tions and sensivies rs callrid norit md th PS s polmu} ata star with o t
e Knlodge of

After Oavcahhmmn (OSPCAL), the IPS pining disction i nialzed wit & prooedue cale eniftion Il o “IDINT. Thisrquie the bore-
sight tracker 0 be ight,isolated sta Ldeniification
Operaonih or - 1O !DOP‘e\nuhghng " ¢ of pre-selected guide stars dentiied in o of more ofthe
st ket deermine the IPS poining drection. Afer s suceessul 1DOP e S adijusts the pointing dircction to match the desired coordinates and
enters optical hold by tracking the idenified guide stars. Successful IDOP' should place the desired target within several arc seconds of the center of the

HUT field of view. In optical hold, the IPS jtter about the current pointing direction i typically less than 1" rms i radius.

Once the PS s compitd a sucessul DO, \h:PSurMS o itin the HUT aperture, using cither a bias
command has not. The IPS knowledge of the pointing direction can
e nupdawd et o roccd Snee e g madymcrpum hold, upmnms stable pointing control for the remainder of the

e Lp| Prevous] Cortents

Next: Manual Target Acquisition Ups: Target Acquisition and Pointing Previous: Target Acquisition and Painting
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Manual Target Acqu

Duc to problems in calibrating. the star rackers, n Astro-1. Most target
acquisitions were done ina manual mode that usd the IPL-provided ASTROS Sar Tracker (AST) mounted on UIT. The AST i3 CCD-based tracker
with a large (2.5° X 2.2) field of view. The AST identifes the three field and displ F these stars
othe crew. L y for cach target, The PS or MS uses the manu pointing controller

to orient the IPS and place the target in the field of view of the HUT TV camera.

Onee the arget s becn acauidth 1P knoweds of the pinting dircton can be pdated,but th S s no n ot bold am:r 3 manul gt
scqistion:Poiningsabily s s pin s providd only by the FS gy ofthe
following methor

623/1999
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Manual Pointing Control

Thi Astro-1 uide stars idenified in the HUT TV camera field of view to keep
the target centered in emt perre using he manual poiming controller, s a5 ound-based abserver would se  btfon-box or o A1k o g
the telescope during an obscrvation. When guide stars were available, the crew on Astro-1 did an excellent job of maintaining pointing stability. For most

vadius,onlya fator of ~ 2 worsethan the IPS inaptca hd. Severslobservations,patcularly
. th only way o guide was combinaton f oakin fo ight esking fromth ade o he
e for the gyro drif

observations the rms pointing jtter was typically <
those of bright stars, had no visible guide stars, howe
HUT
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Lock on Target

For Astro-1 the only method of placing the IPS in opical IDOP. For Astro- fware | has be

designing a new ock- LOT). In this mode each of the trackers is commanded to search is field and o
acquirc and lock onto the firststa it finds without using any position or brightness criteria. The crew has identified the field using the HUT TV camera,
50 they know where the IPS is pointed, even if it doesn'. This permits the crew to then track targets with the IPS in optical hold no matter how the target
acquisition was performed in the first place.

6/23/1999
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Sensor Substitution
A final opion for from the AST to the IPS conirol loop instcad of the data.
rom he OSP. Th mode was designed or Asro 1 1 cse the IPS wet o malfuncion u i did). Unfortunately arious problnns, incldi

poor
knowledge o thealignment, crros in trol from working.
All Ived, and this mode should » for Astro-2
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POCC Operations

POCC Capailities:
DCC Positions and Schedule
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POCC Capabilities

The Payioad peratons ContolCener (POCC) st Marslll Space Flight Ceter (MSFC) i Huntsville, Alabama s h ground cnto et or
pa Real-time data aboard the shuttl i the Tracking and Data Relay Satellite (TDRS) and a domestic
communications satelie to the POCC. The POCC sl ccives v udioand video romtheshutle, and it ca uplink vaicc and commands o the
shuttle through mission control at Johnson Spaceflight Center (JSC) in Houston. Within the POCC these data and communication lines are distributed
ove an nena nevork o individua xperimeners o e Sy, Bah st has access 0 the POCC iniral communictios oo video
displays oF AOS/LOS ignal . and
Penpheral Procesor sysem and the POCC VAR csier Al positions in the O e o e POCC s o il conmeion o s U gmund
support cquipment (GSE) computers which process the HUT HRM data,

‘The POCC Peripheral Processor system is a cluster of MicroVAX 2's which access the POCC database. The PP's can create customized displays of data
in the database stored from the telemetry transmitted by the Spacelab EC, or uplink commands and data to the shutle.

The POCC VAX M (OMIS), an electronic
the Sgh. Forexample.ll changes

oM
(o the seenc imeline e § uaudhvsnbmnmngeleummck planning Requests (RR') at least 24 h v
apcrationson horter fmescalesar managed by Operation Change Requent,or OC's. The sstem i cumbersome, slowsand Frusiatin fouse. ut .
ovider soodrecord, and i e b par

e L previoe] Cortens|
Next: BOCC B ASeh
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POCC Positions and Schedule

‘The HUT team in the POCC is divided into two 12-hour shifts of 11 people each who cover al essenial arcas of HUT ground operations. These
positions are listed in Table 3-3

‘Table 3-3: HUT POCC Positions
ion Responsibility

Pos

PlRep Interface with mission management

Make strategic scientific and technical decisions

A/G Lead Manage instrument operations

Sole representative for crew communications

Engineer #1 Assist i instrument operations; evaluate instrument performance|
[Engincer #2 ¢
DEP SW Assist in instrument operations and data plinks

Evaluate DEP performance

Data Evaluator | Evaluate science and calibration data

[Track scicnce objectives
Data Flow. ption of HUT HRM

Monitor GSE performance

[Replanner #1 Monitor mission timeline changes

Re-plan science observations to achieve team science goals

Replanner 72 Monitor mission timeline changes.

Re-plan science observations to achieve team science goals

PATSI Problem Analyst and Troubleshooting Investigator

Assist in analyzing instrument performance,

science and calibration data, planning sofiware,

(GSE performance, and preparing data uplinks

[Team Administrator [Manage paper flow; team interface to the real world

PocC the shuttle. Each Planning
p ) time coincides with The SOPG n i by the Mision Scienist or Depuy Misin Sl and o
attended Pl ! the mission
d anditis body foral
SOPG generally mak With the next SOPG, .., 12-24 hourslate. (Final
authority " ISC orbiter or crew safety.)
The imes o other key operations i the POCC ae rferenced t hebegimin.of the SOPG meetin. Each HUT posion i manned o 12 hours withan
additional hour of overlap time for one shif 10 hand next shifl. D all personnel jointly fill out
par oo Thi e et ‘oncoming shift and prepare them to smoathly

inine o keep the POCC arn from geting o crowded. The PRep, he A1 md and
Engmcu#l arive 30 mpio o the SOPG; et handoves e not complted il g the SOPG s fiihed The DEP SV, Dta

Evaluat ive justafter the beginning of the SOPG and are encouraged to depart before it ends. The remaining positions arrive. 30w aer he
St of th SOPG, and thlf handover re ompiced ane 5 over

o] Lo Provns| Cotens

xt: CALIBRATION Up: POCC Operations Previous: POCC Capabilities
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CALIBRATION

Transtormin th o KUT dta o flux and

seatered ight subtacion, wh\muwn o eeondotie ension.
st due

g from the phosphor Seeny e, ok count mimracion. deadime corectons,
by e Addiom!

the

e

e

h T deton te an error array. p in the data
to the HUT data in more detal in the following scctions.

veleng i sion Correcti
Dead Time

cattered Light
ccond-order Light

Elat Fields
Flux Calibration
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‘Wavelength Calibration and Image Motion Corrections

“The HUT wavelength scale is well deseribed by a simple lincar rlation between pixel number and wavelength. For pixel numbers running from 1 to
2048, the wavelength s givenby A = 827,36 + 0.51336(n — 1) This was verified to be stable to within &1 A in flight during Astro-1 using

airglow lines,
The HUT Jarge,and ypical duce shift poi
Offetsof 17 in 033 A Nominal the IPS during optical hold s 1” rms
radius, s ’many firings for station k Nearly all Astro-1 observations, however, were done under m»nual
ining control I o e PS e e side s were i n
field of the HUT uqmsmon TV camera, ‘bright stars had no these cases !)plcﬂlly span.
<« cntirswidth of the aper
s for e it ld o e scconds. Ponting from the Image Motion
mpensation System (IMCS) is available at a 50 Hz rate, md HUT dnm uqmml in hngh time-1 resol\mon mode cwl mke full advantage of this
Enformation. n it s o found 0 compensate for nearly sl
I e moton Thermal e e he RSTROS St Trcke (ST e T et
severa arescconds on timescales oftens of mimues.
induced o IMC o the slov therm;
plsnomal o e inthe AST g e ot the e ot vt e 3 second rcaraton et o s HUT s
Fme ot IVCS dots T e o  wonclenith o and e by

accumulation into the buffer for the observation,

These wavlenthcatectons neffct renove ot o the el scesin indsced by e v modon sod et cne 1 tecoverthe ol it

spectal esolution o~ 3 A fo a oint surc, Arglow lincs, , ino cven broader
features, however. To permit subtraction of lines, a LyQ

T d 1o model

Wavclengthoffsts ae il possble n inthe aperur, Caretions for such

mis-centering must be determined off-line by examining e pestion of e sar m b e o e o e acq

‘N | Previous| Conten

Next: Pulse Persistence Up: CALIBRATION Previous: CALIBRATION

sition TV images.
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Net:

Pulse Persistence

Liht ulss inthe phosphor readout of he HUT detecor hase a decay time of0.20 ms. Since the Rticon diods aray is scanned once every 1024 ms
small raction of pules bave perisence

events can, I " high c
A1 shows tha slalnslncully?zb%o[ d lruemcndmlvholons In the standard reduction of HUT data,

tofe tothe the

Since the HUT detector is phots ting, errors in the detected count rate follow a pixelsina

spectrum we use the squarc root of hois
iy ncorporsiodsnce te ¢l umber of photons b nty 5265 of th mamber ofrecorded ot T, e assigned error for a pixel containing

N counts i ot /T but /N 0.026.

‘N s previous| Conten

Next: Dead Time Up: CALIBRATION Pr velength Calibrat
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Dead Time

Dead-time corrections are important (i.c., are greater than 1%) only for line emission above 30 count s”! integrated over the line, or > 4 count pixel™'s™ at
the peak for alin of 3 A fll-widih a half-maximum (FWHM), or >3 countpixel”'s ! at the peak of 6 A FWHM line. Continuum emission limits are

lower, withcorrcions imporan oty t e cxcesting | cont i 157 Since few HUT targets exceed these rates and since the Monte-Carlo detector
nodel HUT spectra in the reduction process. When appropriate.

6/23/1999
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Dark Count
“The dark count n the HUT s princip: T le-induced about 65% 10 95% of
the detector background during orbital night, The balance of light from . and is level depends

for the shuttle in its orbit and th d three long
by Astro-1 count rates ranging from 3.55 times 10 4.70 times 104 count pixel”! s
o ly » The $3.94 10 count pixel ! s Similar count rates are anticipated for Astro-2.

623/1999
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Scattered Light

Figure -1 HUT Astro- Lyman-(X scatiring profie for the 18" circula aperure.
o T T T T e
HUT
Astro—1
» Ly Scattering Profile |

log (Relative Intensity)

i 4
- | | | | 1 o
800 1000 1200 1400 1600 1800
Wavelength (£)

Scattered light from geocoronal Ly(Y accounts for the remainder of the background in a spectrum, and for the largest apertures it can dominate over the
dark count during orbital daylight. The holographic grating used in the HUT spectrograph has excellent scattered light characteristics with no ghosts. Far

stered ligl level of ~ 107 A1 times the ntegrated inensity of th incident
emission line. This is approximately a factor of ten lower than i Pr for geocoronal LyQ¥
{hrough cach aperture used on Asto-1 uring orbital night blank ficds. forthe 15 pe on Astro-l

is shown in Figure -1, The profile is expected to be similar in the 20” circular aperture on Astro-2,
Inthe pipeline processing of HUT data ony the roughy uniform contrbution to the sattred light s subiracted from each spectrum. This is computed
 Abelow the 912 4 hydrogen in

the Tocal For faint e Lyt q
fiting the line profile template to s s s et i by the user interactively in off-line processing.

e L] previous] Correrrs
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Second-order Light

Whil theauinum fir inperrs  locks ang vavelngth rdiion fora lan i ofhe econd-rdespctum, the nly e availble o HUT
for blocking short-wavelength lght i the natural bsorption below 912 A due to the Lyman edge of neutral hydrogen i the local ISM. Since the red end
ofhe HUT speciram extends o 1860 A ifracied ight in secondoder ppcarsover e 16241960 A itervil. i s removed by using the obseved
first order spectrum over the 912-930 A nterval, and o first of the grating. This ratio
was measured to be 0.226 for Asiro-1

62311999
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Flat Fields

Figure 4-2: :
wor Ao 2 s

Astro=1 50 em® Door—State Flat—Field
T
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3
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actctor

800 1000 1200 1400 1600 1800

AR)

Smallscale, pixelopixlvriaions i th vty of the HUT detector have i princpal oo, Fi, a gativly hurgedgrid s placed i ront
“This grid has a transmission of 95%, and it is far enough from the focal
mm Bt the e ighly deloeved i the 12 b of ST oo bright targets are observed through the small aperture doors, however, the
much slower effective focal ratios cause the grid to cast distinct shadows on the detector. For Astro-1 these shadow patterns wre measured i
Synehrotron Ulraviole Radiaion mnm (SURF) at the Nzuoml Insmme of Smndards ‘and Technology (NIST) in Gaithersburg, MD. The resulting flat
feld correction for the 50 cm? perture door is shown in r0-2 the repelling grid in front of the photocathode has been modified
s that o wires cros he egion mes by the focussed :p:amm o e o patens should be eliminated.

Figure 4-4:

“The individual

©
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it ce of small- variations is defects or plate. Only one such spot

o oo HUT o ot AT ot 1600 A, and itis un\yv\aucmblcm:ymlm obtained in hal-apeture or sl sperture door
abservations. This featue can be sce i the p aure 43, and it

n Figure 42
The third source of semmwl) mnmmm is in the pair of in reading the One ampl the odd numbered
diodes, and another he even one 19%. The residual an oddeven
e ht 1 noicedbl t e 0.5 evl i h highest SN speta. Th odven pate doc ot apper o b bl and 50 o corecion s
curenly spplicd o the HUT data i routine processing.
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Flux Calibration

“The HUT flux calibration for Astro-1 is based upon pre-flight and post-flight traceable o NIST st
¢ HZ 43, Th libr i

instrument for far-ultraviolet astronomy yet flown.
‘The effective area curve for HUT i directly based on a white dwarf model atmosphere for G191-B2B as deseribed by Davidsen et . (1992) and Kimble
ctal. (1993). The raw data from the 366 s observation of G 191-B2B were corrected for pulse persistence, dark counts, scattered lght, dead time, and
second-order and third-order light as described in the previous sections. The model atmosphere calculation is described by Holberg et al. (1991, and it
assumes Tog=59250 K. log g = 7.5, and V= 11.78. The model is multiplied by the transmission function of the local ISM for Ny = 1.7 % 10'® e and b
=10 km 5™ and smoothed to the HUT resolution. Division of this model into the corrected count rate spectrum yields the effective area curve for the.

halfaperture door sate used for the abservation. The correction to the full in Figure d-. iplying by the atio
of were abserved i both Tull-aperture
modes. Structure on scals less than 25 A in the curve 10A X
5 Arelons surounding the core of Ly, Lyy,Lyd, and e oo placed by pixels. A15 A

region centered on LyQ) was similarly replac 20 A, flux of
o e have el e g s poms o 55 570 and520 A AT s sqars s tade s pome and scled down (5 379 0
join smoothly ono the in-light calbration curve at

A ol end-to-nd sborwory calbratin fhessenbld iranen was o posile wihin e seope of the HUT progam, T mgm measurements

s, rbably e 0 gin of
s dene echm\s.y of 24%, We lar decline insnsivty tral shape) over T Sears nhe
original HUT spectrograph, which was rrpl:ccd after the Cha!lmgm acciden

T c o light lboratorycalbrtion of the HUT spectrograph was per'm‘med in January 1992 at seven wavelengths distributed across our spectral
ints. The ratio of the post-light to pre-flight laboratory efficiencies is well
e by ihcurve varying rom 055 “This degradation is consistent with our previous

“The pre-flight {or\he il nstumentre s well ited by smoth ure, The product ormm o
curves yield: ly on our laborat
Clibration and raceable 0 stndinds mainained b the Nacoas Msm\ne ofsnmﬁuds and Technology. T Iabomlory oo cont maaher he

The ratio of the [Figure 4-4 (b)] has & mean value of 1.003 with an rms deviation of 6.6%, and
i deviuionsof 2% and % We emphsize that o rseling bas been D sults p

¢ HUT d (2) the G191-B2B model atmosphere
calculations provide an excellent flux standard for the far ultraviolet \vmnm BB he v
flux measurement i thatis suitabl flux

region ofthe spectum,allthe way o the Lyman it
Comparison of the Bergeron model o an independent model calculation forthe same T and Log g Kindlyprovided by D Koeste, shows differences

at the level of <5%, Comparison of the data and the models gives some idea of the internal consistency of the calibration, though, of course, it yields no
librat for example, from d real

aumosphere or in our data P

Uncerainienthe G101 52 cnperstrs (v o B o) s s 9 changes i el et Y o
oo i o A s Ly . Vssons
Iy £5°

d Therefc precision is also
excellent, if the DA white dwarf model atmosphere is correct, the HUT sensitivity curve is extremely well determined.

Several s ofevidenos supporthe bl it he 191520 mode i scurve o e lve ed. A cormprisonof the oserved spcr o GI91-

B2B and the significantly cooler DA white dwarf H the ble et al. 1993b).
Independent of hite dwerf madelo,a prliminary ﬂmlyﬁs ohhe HUT observation of the m_luob}ecl PRSaT5030% st hen o with
the G191-B2B-based calibration, the spectrum is well fited by a power-law all the way to the Lyman limit, s expected for this object, Finally,the ratio

of the in-Night 0 pre.Tight calbatons varis with wavclengih by oy 20%,and
previously abserved for detectors of this type. There is thus no reason fo suspect any.
Lyman-Xspectrophotomeic abservations i the past (see Holberg et al. 1991 and references thercin).

s in @ manner that is consistent with the degradation we have

Forusein HUT daa, anstormed intoan em? A~ e

which includes the pulse persistence correction of 0.926.

pected fst onder effective e for A2
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The HUT detectr fotdhefghtof -1 s s ide (] s cused il primary

orvasconted il idum.Eah of hse for Astro-2 factor o three overall
increase in ist-order effctiv The Acro-2 detctoralso s resh
Csl photocathode. These two mww\em:nls represent a nel gain n[uboul EU% in efficiency fnr lhe 5De¢\mgﬁvh and detector system in first order. The
Tight mirror from Asto-1 has been replaced with of two gain in firs-order
hroughput
ctrograph and deteetor sysiem laboratory in our acliies ot JHU as wellasin the synchrotron beam ot SURF. The
ﬂccnvuy sty cotod o b b mserd e b ) GSEC. Bt s By nlirins, i
an allow " for Astro 1, we derive res

ﬁ,;,nnd 47, First omrmmmm peaks near 1200 A at ~ 30ctr, and the anticipated effective area for Astro-2 s higher ar ullwav»elenglhr than
the peaeffective area for Astro-1
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Photometric Corrections for Image Motion
Lmage marion st aly s the st o of the sectrum recordd by the HUT detcion, bt it an o \cad tosgnificnt o ofghtt e odgsal

the aperturcs if it s large en
examnation ofthe ligh st due o the ol s We

relies on PHUT and AST ly track e secon s o et d oo

of for source. The the anly recourse for brig no g

TV camera.

“The frst method starts with used e To derive a photometric correction, a
it offset position. for the point spread it profile, we fit

the data o determine the slit center, the width of the PSF, and the intensity of the target, Only data from regions free of airglow line emission are used in
the fits. The from this fitis used

‘The second method assumes that the observed source is constant in intensity and should only display Poisson fluctuations in the count rate n spectral
mg\umiw:ul airglo lines. A s pass through th data climinatesregions with obviously low coun s when the source s clarly ut of the

is then fit o value for In the absence
o san;[wory i o photometric data, this P the flux-calibrated
ocors for
point h ‘ood match to . but it may be lower than
Ihr e . o el it e, object must spend some time near the aperture center 5o that the mg.m count rates observed
have for Astro-2 compared Astro-1 to improve the

b the o
Phorometic sceurcy of he o

‘N | previous| Conten
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Using the calibration information prescnted in the previous section, we now discuss estimating the feasibilty of a variety of possible science abservations
wsing HUT. Quick imaes of espctdsgta - i () anbe s sing the eniiviycuves et Fiares el 32 These
Show the contimaum o or s brighiness m|uu=d toaehievea SN i o 10 per A i sigle 15003 ommauon fora point source ar

extended sources which fl the long sis for WP comers nd e lrge
aperture
Figure S-1: Poinsoucs snsviy o schisve S = 10 A i yical 5003 expose The
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More be made using the e For a continuum source, the number of detected counts per ~0.5 A pixel can be.
in Figure 54
AF;

LARAN counts pixel ™, o



where F is in g ¢ A1, A, is the effective arca (from Figurs 4-5, 4-6, or 4-7), AF is the integration time (typically 1800 s for a single

pointing), and AX = 0.51336 A for first order, or 0.25668 A for second order.
For an extended source, one must use the surface brightness for FY ing=g ez ™2 57 A~ aresee™ and the angular size AQ of either the slit or
the souree, whichever is smalle, as in
- _ AR
Ny = T‘A\Aumo counts pixel™ @

“The angular areas of the HUT slits are given in Table 5-

=-2 Count rates for continuum sources must be less than 2.5 counts 5™ pixel”? and less than 40 counts s™ pixel” at the peaks of isolated emission lines.
For sources with fates in excess of these values, the full aperture of the telescope must be stopped down. Closing one door gives a reduction of a factor of
two. The 50 cm? small spere door gives a i ofa it of 102 the | en? sl aperur doo gives o of  fcor f 5120, (s of
the 1 em? small aperture door undue inthe Use of
{his door state should be avoided ifpossibe )

Table 5-1: HUT Science Aperture Expected Properties for Astro-2

Apertuze  Sizd®  Resolution  AQ Background Rates
(arcsec) Ay (arcsec?) (10~ counts =1 pix~t)
Night Day
1 12 4 113 04 10
2 32 12 804 08 15
3 32 12 804 04 04
5 10x107 T 3743 23 20
6 10x36 4 560 06 32
7 20 7 314 05 20

“Single mumbers denote the diameters of circular apertures. Two numbers refer to
rectangular apertures.
Aluminum filter on aperture 3 blocks Lya.

for aspecif . one mustalso into account. The dark count due to charged
partcle events s quitelow, but scattred light from geocoronal Ly(Y makes a significant contribution to the general background, particularly during
orbital day or if large apertures ar chosen. For a continuum point source the S/N i given by

S/N )

where By is perpixetand An

due to dark counts

plus scattered light in cach of the HUT science apertures for both orbital day and orbital night. We assume a geocoronal Lyl intensity of 2 kR (1
Raylcigh Dhotons cm™? s steradion ™)) during ight, and 20 kR diring day though the actua valugs will e and also depend

tion and th based

on Meier
(1991).

I

 especially during orbital day. Typical airglow spectra for an
and 54 for otbitalnight and orbital day, espectivey. Boh specta have been
truncated to show the fainter features. In the night spectrum, Lyl peaks off scale at 4500 counts pix”'. In the day spectrum Ly(¥ is off scale at 37,700
counts pix1 and O L\ 1304 peaks at 1100 countspix. Agan, Meiers (1991

1800 s observation using the 20" aperture are shown in Figures 5.

le orbia about half the scheduled obs 4
oron mgm for the fainter mrgcls right point source bservationsarc normally done dunl!g the day.

To reserve the lower background

Figure 5-3: The HUT
o

200 3500 counts pix !
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Simulaiod HUT datafr 8 wide vty ofinput soure spectmcunbe gerermed wilh the HUT siultor b hich i sk nhe s packnge in

he following instructions will enable a user to acquire and install a local version of the nut package. These instructions are not for a system-wide
maiation, Roherhe b e ot s o Copy ofthe programs an s via anorymous £cp. Onee nsalled,the packnge o nt visble
when starting up TRAF, but it can be loaded by typing its name, hus.

To install the zrar package hut containing the huts n tasks, take the following steps:
1
- Change 1o your zeae diretory (where ogin.c1 lives).
" Emter eep and connect o the HUT computer using one of these methods;
>£¢p hutd .pha. shu.odu OR

>£tp 128.220.26.36
Enter the userid anonymous and your name for the password.

Change to the hutssm directory, set the transfer mode to binary, use the get command to retieve the hutsia tar file, and exit fp:

£ep> cd hutsin



fep> binary

£ep> get hutsim.tar

stp quit
B
Run 1 on your machine:
a1
6
Use the sear task of the softools package to expand the tar ile:
e1> softools
20> rtar -xvf hutsin.tar
50> bye
7
Two new entries will appear:
c1 -
A seript fle that performs the IRAF installation.
but -
“The directory where the hat package lives.
8
Use the page task 10 examine the REaDNE. c1 file for further instructions
1> page README.cL
9

Once the hut package is installed, hutsin. cax may be removed. Detailed instructions for using hutsin can be obiained by printing the TRAF help
ile using the following procedurc

©1> help hutssre/doc/hutsin.hlp files page- | lpr

(This special procedure s necessary since the help fles for the hut package are not installed in the system-wide 1A help database.)
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MISSION PLANNING

The process of  cpecaly f“asronomy” The

planning process has to inlude al the constaints nrisic tothe actual visibiltes of th Tow-carth orbit,brightness of the

obiects posion et the sy hight eminsor of he it [orthesu or e moon. k). well sl lhuomm\ml:\hal e e o e e

itself (e 2., propellant available for mancuvers, mancuver rats, thermal consizaints,

ete). Even scops g, cach tam e

necded o hared cq: the teams, In addit .
. or abi observed in conjunction with another abject, tc.).

P il from e siece s Ivesigaors. the Ml Space lght Ceer Mison Operstions

oo e o S7ace Comr Mo Opestiom Decorue The senc

Covmaons tcien planytht best accomplishes e science gnnk ofthe science s and thef Guest nwemggm “This involves selecting and

15 for a given launch (bas d then:
Teence o abwarvatons in Al Subsequent o s the MSFC ,,h.mm take orbi
mancuvers are desiged o secompish cence poiting ncds s well s o satisy various Orier and Spacela needs I he et thé science mm
of o cnsure  pry " for.
HUT TV guid rcqucswd "ol anles, csmating he
for cach object, and iy o for special
observational offsets, 1c). is translated into &
(e mamument and Spicela cormputesand onded ont e Mass Mermory Unit (VMU on e S,

‘The following sections will describe many of these steps in more detail, concentrating on the details of observation planning that are specific to HUT
observations. The reader is directed to the Mission Planning Handbook and Interface Requirements Document (MPHIRD) for more detailed information
on other aspects of mission planning.

Jecting Targets for a Given Launch Assumption
o Sequonce Daabus s

Seleclmg HUT Gue Sy
 Rates and D s

‘N s previous| Conten

Next: Selecting Targets fora Up: No Title Previous: OBSERVATION FEASIBILITY ESTIMATES
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Selecting Targets for a Given Launch Assumption

Visi

y ofasgt fom o cacthoi s depnent oot oy he unch i fyer, but o n the speific il paretrs ssuned s v

he Shacle work eyt roun. The ot ofall for any time of year s called
the ngmm ‘Target List (PTL); once selected, GI targets will be added to this file as the first step of the planning process. If good 1950 epoch coordinates
~1" » P in the hough la

When a launch the PTL can listof visibilties. Science
listand hat are underconsideraion or

chusmnin, The it i clled s “Misson Target Lis", or MTL. an ths fle provid with the

ime

The problem of cratng - scince lan” (SCIPL targets

mslznce7 i s e deve]owd oo s Vs ond abjects into the observation sequence, checking constaints and eaving
time for slews between the arious argets. Producing this timeline s no smalltsk and has ot been fully automated because of thelarge number of
vy consiints (1. consiants that one ight be wilngfo violate forone farget, but notanothr).

For Astro-2, we intend to modify the "SCIPLAN" process to include a concept called " block scheduling. The mission will be broken into integral orbit

blocks and th blocks will o ssigned o th eams n elatin t h ol tm ach am Gnluding s GI) i signed o the isin, (A prsen 15
This IPLAN h team can then plan “their” blocks as they desire,

and only the block e e e n:g\mulul n ey, rcall tht cach o the nm v l=|c:wpc> isoberingevery possle e, o this s

really justa planning ai

inrumentssienie return. HUT G observations willimply bt seheculed i he - HUT ocks, ke any other HUT gt Once he SCIPLAN fe

has been finalized, the MSFC Payload Activity Planner (PAP) team and the instrument teaims work in parallel on various activ

Since the nominal launch plan for Astro-2 calls intoa 28° orbit, to first order, a given trget
is whatone would expeet 0 sce froma sround-based bscrvatory ata orthen latitude f +25° Many targes can alm be cﬂ‘cmvcly observed ﬂunng
orbital daylight. The only. da)hgh\ fargets that the 45° wets within 25° of
1 Fhoth nghl it Day” o Day into Night'

dependingupon when ey ric Suﬂlumll) mgh above the art lh During n.syngm, targets must be 10 above the carth limb, and during night this

105 Since only half time I night, however, the scheduling strategy tries to preserve orbital
e o mz:ls or for. 5 bright pmm
‘While targets near the pole of have nearly 3 pol as the carth
rotates underneath the shutle. More typical 2000, and, is made for acq b
only 1500-1800 also b ibstantial impact on for scientifi . especially if
targets are far apart on the sky. The shuttle can slew at 0.2° pers, so on the order of 410,

6005 One potential time-saving feature for targets that lic within the 20° maneuering consof th S istoprform an [P s, Thess re s (0
pers), and.
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Sequence Database Files

For cach pocntal oscrvaton planned i the SCIPLAN i, we crste  HUT Sequence Dtase e, (Mulipeabsevationsof s arget wil have
el s The s ae ASCIT et in  eywordenty fonma tht s cy o it Thee s e usd o several urpsen They aee e pesepracles
for general info bout ¢ ccsfom the lerature, ), s suh an i obe bl on
Loy srge by e e e SCAPLAN |\Inm\mg ke place, Al a varios stagesof the plannin proces, -ocll” panning normaon
from the MSFC otput (e oll anges,start and stop imesforthe planed absevatns, i observaton 1D mrsbes, te. i fd bock o the
s dbae e o csp them cura i

ettty

3 pecal pr quired, et
Mmunmmfnmnunpxmd inthes s il serfendly” ormai (1. magnitdes, gid star postions narcs elaive [0 he objct

sition, ct.). When these files fomat el o operin he lscpeon
orbit. (For example, the mll I ide st olhtls [m into HUT TV is used by the HUT
0 enerme il ke on o HUT TV positions of guide sars) i caled sequence (s opposcd 0
sequence database mes)
for number ofargets. esking g verifaionr
informaton F eting of observation and d caleulat
per 5P for ‘An exception is that mfonmum\ from MSFC planning ﬁ\cs is inserted
*Wholesale by  superuse who hasaccess 1o all the iles.
Next| Up| Previous] Contents|
Next: Coortinatesand Roll Angles Up: Detailed Observation Planing Previous: Detailed Observation Planning
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Coordinates and Roll Angles

I

of potential guide stars, if appropriate) for cach target or observation. Object

placed in the PTL file (and get deorward o he MTL e, wheeeoamesfrindiotin he sy of e coorinme
and a reference for the coord; listed on the SCIPI
A\m(e entered by mlenceplannen foasistinhe processof chcking However here are & namber of reasons ahy coordinaie may need o be updatd at
o or instance, if the L was only accurate to ll‘l‘.nbe\lenonnimmz s needed for the actual
typically 1-2 - At IT (which has a 40’ field of view) may have a " generic" coordinate in the
Prrni e specific location Finaly it s desiabl o have f possible coordinate for any

moving targets such as planets or comets, and these arc often put n after the SCIPLAN is completed. Whatever the case, selecting, measuring, and/or
Verifying the coordinates and accuracies is an important step of planning, done shortly after the SCIPLAN is available.

Likewise, fny extnded trges e speific ol angles, sy topace  rectaular HUT perue vlong the major axis of an e\llpucvl aalaxy, this
e d the orbital it MSFC can for the IPS. A
Torsting a ol rsq\lzelzd‘ flag and desired roll angle in the MTL file, and files.
However, final planned into the SCIPLAN, so an itertion and verification is usually
eded.
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Selecting HUT Guide Stars

bright stars (V<10), it HUT guide For cach guide star (up to three can be
selected), fiducil marks will appear on the HUT TV camera tions. This will asss denifying th field and
quickly centering in the aperture where an object is (00 this is the only way o
within the aperture. In cases brigh Jaced the guide stas can itthere.
Also,rror signals for cach of o n for pos gt anayi

Mostofhe eg wark inobtning nformaton on potnialgudesars for cach b s aecomplhed by HUT team members who bt he
information from the HST Guide Star C: ). »

the (say target d pi e (s.mmm Likewise, magmmd: information from the
HISTGSC may only be g 1o 0.5 g, butfor o e ars srrounclin each aret, it h only game i twn.

T TV camera b its gain settings, not span of more than 2.5 magnitudes. In
addition, to protect the TV camera, in the ficld target
magnitude entered in the sequence database file can be no more than S magnitudes fainter than the brightest object n the TV feld of view. We must be
particularly careful in the region around the entrance sits. When obscrving bright argets, there is always a chance that they will pop out of the slit arca,
so o magnitude in a than 3 the target,

The HUT TV field of view is roughly 9/ 12/ Based on analysis of the HSTGSC data for each object, information on potential guide stars within this
i

HUT ile. P formation, and a * flag", intially set to
il cvn o e hehe o ‘uide star s to be used. The person responsible for each target is tasked with inspecting the feld of
cach objctan sleting Up 1o thro o the i sars o el us i b obosvation

TTV it ide >30"), and
surunding he Becausefed rtation o
one should cauion. Unfortamtely. Mother Naure oo o v
ke sar, o gide sars TV et beter f
Nex| U] Prevous| Conteno
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Count Rates and Door States

. both for d

I idea

considerations The progra b1, esribed e n i the
nt rates lines. (The plots from P the Target Book used by the payload specialists to

et i verify that all )

Sourss whos reciced count s exced S00Dcouns ! xcsed sty it o e detcor, High oount e an asopresed ded e problens as
in this manual be b For aperture may resolve

pro o my b s b  cor u\‘

o by osig oneor the iher o th bl aprture”doors t the rontaf e (clseope. oo bright, the n«gL aperture doors can be closed, and o

of two small aperture door positions (50 m? or 1 em?) can be utilized. Al of these situations can be simulated using hutsim in order to both derive

expected count raes, and analyze the qualiy of the data rsulting from onc of these alterate door states

APPENDIX A - LIST OF REFERENCE DOCUMENTS

Far-Uliaviolet Astronomy on the Astro-1 Space Shuttle Mission,” A. F. Davidsen, Science, 259, 327, (1993).
The Hophins Uliraviolet Telescope: Collected Scientific Papers, Vol. I ed. A. F. Davidsen, (Balimore: Johns Hopkins University) (January 1993).
*“The Hopkins Ultraviolet Telescope: Performance and Calibration During the Astro-1 Mission,” A. F. Davidsen etal, 4p. /., 392, 264, (1992),

HUT Dedicated Experiment Processor Software Reuirements Document, Rev. £, J. R. Dettmer & B. Ballard, (Laurel: Johns Hopkins University Applied
Physics Laboratory) (April 1990).

An Intensified Photo Diode Array Detector for Space Applications,” K. S. Long, C. W. Bowers, P. D, Tennyson, and A. F. Davidsen, Advances in
Electronics and Electron Physics. 64A. 239, (1985).

Mission Planning Handbook and Interface Requirements Document (MPHIRD) , W. P. Blair et al., (Huntsville: Marshall Space Flight Center) (April
1993).

"RR. M

“Ultraviolet Spectroscapy and Remote Sensing of the Upper Atmosphere, . Space Science Rev. 58, 1, (1991).

APPENDIX B — LIST OF ACRONYMS

AD  Analogto- a.g.m
AG  Airtor

A0S Acamsmm\ Ofslzlm]

AST  ASTROS Star Tracker

ASTROS  Advanced Star Target Reference Optical Sensor
CCTV Closed-circuit television

Csl Cesiom lodide

DDU  Digital Display Unit

DEP  Dedicated Experiment Processor

EC Experiment Computer

ECC  Environmental Control Cannister

ECAS  Experiment Computer Applications Software
ECOS  Experiment Computer Operating System
EM  Electronics Module

FHST  Fixed-head Star Tracker

FWHM  Full-width half-maximum

Gl Guest Investigator

GSE Ground Support Equipment

HAC  HUT Activation

HDC  HUT Doors and Camera

HMH  HUT Mirrors and Heaters

HOP  HUT Operations

HRM  High-rate Muliplexer

HSP HUT Spectrometer

HST  Hubble Space Telescope

HSTGSC HST Guide Star Catalogue

HUT  Hopkins Uliraviolet Telescope

D Identification

IDIN  Identification Inital

IDOP  Identification Operational

IMC  Image Motion Compensation

IMCS  Image Motion Compensation System
IPS Instrument Pointing System




IRAF ImgmcmeReducuunandAm]yslsl-amluy

IRs integrated Radiator System
ISM || rstellar medium

IUE  International Ultraviolet Explorer
JPL Jet Propulsion Laboratory

JSC Johnson Spaceflight Center

LOS  Loss of signal
LOT  Lock on target
MCP  Microchannel plate

MMU Memory Uit
MPHIRD Mission Planning Handbook and Integration Requiements Document
MS  Mission Specialist

MSFC  Marshall Spaceflight Center
MTL  Mission Target List

NIST  National Institute of Standards and Technology
OCR Operation Change Request

OMIS  Operation Managment Information System

OSP Opiical Sensor Package

OSPCAL opnm Sensor Package Calibration

PAP  Payload Activity Planner

PATSI  Problem analyst and trouble-shooting investigator

Pl Principal Investigator
POCC  Payload Operations Control Center
PP Peripheral Processor

s Payload Specialist

PSF Pointspread function

PTL  Program Target List
RAM  Random Access Memory
RAU  Remote Acquisition Unit

RR Replanning Request
SN Signal-to-noise ratio
Software

Science Plan
Silicon Integrating Target

SOPG  Science Operations Planning Group

sp Spectrometer Processor

STS  Space Transportation System

SURF  Synchrotron Uliraviolet Radiation Facility

SWP Short wavelengh prime

SIC Silicon carbide

TDRS  Tracking and Data Relay Satelite

TEGSE  Telemetry experiment ground support equipment
™

Telescope Module
UIT Uliraviolet Imaging Telescope:
UV Ultiaviolet

WUPPE  Wisconsin Uliraviolet Photopolarimeter Experiment
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assumption
Because of our expe
such time as they actually oceur.

launch slips Astro-1, launch dates and toas “launch tions” until
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