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ORKSHOP PROCEED GS: 
TECHNOLOGIES FOR LARGE FILLED-APERTIJRE TELESCOPES IN SPACE 

ABSTRACT 

In 19 9, the troph i Division of the Office of Spa e Science and Applications 
initiated the planning of t hnology development program. trotech 21, to develop the 
technological base for tl1e trophysics missions de eloped in the period 1995 to 2015. 

n infusion of ne technology is considered ital for achieving the advances in 
ob ervational techniques needed for sustained ientifi progre s. A trotech 21 was 
developed in cooperation with the Space Directorate of the Office of Aeronautics, 

E ploration and Technolog ', hich wi!l play a major role in its implementation. The Jet 
Propul ion La raton• h led the planning of Astrote h 21 for the Agency. 

The trotech 21 plan w de eloped by mean of three erie of wor hop dealing 
respecti ely with: cience Objecti cs and Observational T hniques, ·ssion Concepts 
and Te hnology Requirements, and Integrated Technology Planning. Traceability of 
technology plans and recommendations to mis ion requir ment and impacts wa 
emph ized. Proceedings d uments are published for each ork hop. summary report 
has also en prepared hi h nthesize the results of the planning effort. 

The wor hop on L e Filled-Apenurc Tele ope in Spa e wa held in Pa adena, 

California. on h 4 and , 1991. Mo t of the first da w de oted to invited talks on 
1ence goal and on the urrcnt tate-of-the-an in various technology areas. 1be 

participant then pltt rnto or · ng group , whi met durin the 1 ner pan of the first 
da and mo t of the econd da . The or · ng group topic ere optic , tructure 
detecto , en ing and on l and ffil ion- pee1fic i sue for both orbiting and lunar-

ed m trument . Thew r · hop on lud d with a plenary session at which the working 
oup hairper n pre ented their group' technolo de elopment recommendations, 

followed a general di u i n of the recommenJan n all participants. A report from 
each ~ up 1 in lud m the e ceding . 

w 
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TECHNOLOOIES FOR LARGE FILLED-APERWRE TELESCOPES IN SPACE 

Doubletree Inn, Pasadena 
March 5, 19') l 

WORKSHOP GENDA 

Monda , March 4, 1991 

:30 a.m. - Introductory talks: 

M. Kaplan 

G. Illingworth 

J. Cutts 

J. Fordyce 

P. Stockman 

10:00 a.m. -- Brea 

10: 15 a.m. -- Current concep 

P. Bely 

• l ~ ein 

D. Meier 

11 :30 a.m. -- Technology overvie 

HQ overview 

Workshop goals 

A-trote h 2-i program 

Astrotecb 21 infrastructure 

HST experience 

Orbital-mi ion concept 

Lunar-mission concepts 

Partially filled-aperture concept 

• Optics for large telescope : 

J. 1elson Kee telescope /ion poll hing 

J. ·et on 

L:00 noon -- Lunch 

Kee tele ope video 

1:00 p.m. -- Te hnology O\ervie\\ ( o t'd): 

• Optics for large tele 

R. n el 

R ilson 

J. Zimmerman 

\cont'd): 

tre ed-lap poli hing 

ESO thin mirror/ NIT 

Large pace optic 

• 1ru ture and ontrol ·} em : 

:00 p.m. -· Br 

R Las ·n 

• 1. ,. m 

G. Beal 

Control of lar e pace uu rure 

A tive nnrror mpen. tI n 

Poinrin control 
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3:15 p.m. -- Technology overviews (cont'd): 

• Detectors and instrumentation: 

B. Wilson Report on sensors wor hop 

B. Woodgate / vi ible det 

C. cCreight IR detector 

4: 10 p.m. -- Formation of working grouo : 

• In ttuction to working group (J. Cu 

• Initial working group meeting (All) 

ll1J2k:,. 
1. Optic . 

ttu rure 

D te to 

4. en ing and control 

fusion- pecific i ue (lunar 

6. 1 ion- pe ifi ue (orbitin 

0 p.m. -- End of firsr day 

Tu da) farch • 1991 

Cbaiazer. on: 
R. Angel 

B. ~, da 

R. Thompon 

D. Tenerelli 

J. Bum 

n 

:_O a.m. Di u ion of wor nu group 1 ue 

a.m. 

10: L a.m. --

1 :_Q a.m. 

_:00 p.m. 

:. O r.m. 

p.m. 

• I_ p.m. 

up parallel ( 11) 

Br 

· rking ont'd) 

lw1cl1 

Plenary n: 

Re n. r rn 

Br, ' 

Plenary e ion ( nt'd 

End of ¾or ·'iii p 
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WORKSHOP PROCEEDINGS: 

TEC OLOGIES FOR LARGE FILLED- PERTURE TELESCOPES IN SP CE 

M:\1 RY 

G RTH ILLI .. G ORTI-1. LICK OB ER TOR 

Large filled-aperture - i ible-IR pa e tele ope offer the unparalleled advantage of 
low ba ground. uninterrupted \\-avele11gth co erage and a ta le int- pread function 
for high d) nami range ob ervation . . 1any fundamental a tron mi al problems can be 
ta ed onl, with filled-apemrre tele ope that ombine high pati l re lution with large 
light-gathering capabili . An m- I pa i el) led tele ope in high earth orbit 
\\Ould have unpre edented po\.\-er for problem a di er e a plan t ear he around 
nearby ·tar to the wa} in whi h gala.·ie fom1ed in the. oung uni,er e. It will build 
upon the dls overie and astrononu al unde tandin of man decade of re earch v,ith 

tronomi al ob e atorie , and i the na ural u e r to the Hubble Spa e Tele pe 
(H T) and the ne\\- generauon of large 10 m la ground-ba d tele ope . 

U TRUDL TIO.' 

It i clear that a large p ce rele ope i ne ded to ta · e a bro d ran e of astrophy i al 
problems. 1any of the e 1entific is ue annot d ·th c nt or 
planned cele ope . The Hubble Space Tele ope i !earl a powerful tele ope, thou h 
i potential will not be full) realized unnl in crument that u e contemporary technolo 
and ·orre ti e opti are implemented. E en then, in e it i the fu t of its ·nd, it doe 
not ull)' exploit the potential of ace tele ope in the ru 1al 0.1-10 micron ran e. 

The prim ! I pe bination of ontinuou spe -
tra1 o, e f w a ta le diffr ction-lunited 
point- pr e the biliry to apodize lo\\ -

at ering . e I particular!_ lar e in 
the IR. B ti m o ~ 10 micron m 

p t m d not be competi-
te ential fo tan· 

th I have rall 
tv of the concentration of n -1 field 

defined b) e . n emcnt 
imprac · I. H T 1 nu.re. \\-hi h lead o i • for 
pe tro pi en ation lutio,, m the IR, optic 

and th le d t h IR £ r wave! n th . 

r ion 
le 
e niti 
th ce 
i d 
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0.1-10 micr n a elen th ample of .u h pr blem · are: the nature and 
tructure f high red ·h1 f net dete ion nd p ctro pie analy i of their 
tmo phere ; structure · region ; and anaJ i in the ' of urrent-day 
ounterparts of high-red . 

The que tion o planet f at inte one th t 1 e treme! difficult 
from the grou ·· hen~ lf[2] analyzed the problem of 
detecting and a eanh- t · on luded that the 

ptimum con . l ooled tele ope 
-...-... ith lo\.\-. car f 1 l further refined thi 
ar ument and · pe would be be ter. 
Whi he .... er a • i h m i an e tremelv 
hallenging ov. e\er. i at m or ny long-term 

pr gram of tr phy i . 

Together t · · ie al· led to the de ·el nt o a ept for a large. 
pa ively c d filled-aperture e pe with 1 diamc marf utilizing 
.1d an e 1 hn e th n eived · n m ou program. ut 
It appe pra laun t de ade l t century. 

\e, th i 
e O l t 
e: l 

nth o 
e . 

) b 
r 

, i m to 

• De u :, 

. 

12 l 

t e 
0 TO 
l el 

um n 

re lurion el , 

G . L 

n l p per 
6 . Funher 
g tele ope 
e om~ and 

ranee 0 
i owl d e; 
·. example 

died depe pon 
t v tern, b 
d • opicaJl 

a tronomicaJ 
th t I t1 • 
he IR. Th, 

proto tellar 
that will 

ell -
ha 
nt 
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• Spatially re olve and map comple tructurcs in the inner narro line regions for 
acti e galacnc nuclei and qua ars (AG s and QSO ). The complexity of the 
tructure in such region and the high dynamic range pose problem for ground-based 

ob ervations with adapri e optic and for interferometric . terns. This difficult 
problem will benefit from ob ervation ith large tele cope 1 e GST that can 
re olve < 1020 cm at 3C273, the neare t QSO. 

• Structure and e olution of (forming?) galaxies at red hift z > 1. Large pace 
tele copes can gi e re oluf n vn gahx.£_ at an redshift : comparable to that for 

al ie in the n t lu ter of galaxie the irgo clu ter. The resolutions range 
fr m - 1 parse (pc to 1 kpc from the i ibl to the IR. The abilit to re olve the 
dominant tructure in galaxie ( piral arm tar-forming omple e • merger or 
intera tion filament or "tail ", hara teri tic di and b1Jlge 1 n th ale , etc) will be 
ru ial if we are to understand the e olutionary event that ur a galax1e form 

and hange ith red hift. 

n dditional great benefit of pace ob rvanon with a pa ivel · led tele cope is that 
'-limited ob ervation can made in the zodiacal bac ground" ·ndo "around 3.5 

aucr n . Thi "windo " cur between the canered olar p trum and the thermal 
emi sion fr m the · acal du t. Thi ma well pro e to be the wa elength at which we 
dete t g I · e in formation. The e ould be the highe t red hift objec in the universe. 
Openin up the full wa elength region from - 0.1-10 micron to · -limited observation 
with re lution 10 to 1 time mailer than that from the ground v.ould ha ea dramatic 
impa t on gal rudie in the y un uni er e. E en ith ad pti e optical y tern 
ground-ba ed tele ope will not be competi i e. The e gal ie are low surface 
brighme objec and the tructure in them ill be swamped the 10 time brighter 
bac ground in the thermal IR from the ground. 

To further demon trate the po r of large tele ope for in e tigating galaxie at 
high red hifts, some imulatio have been loped and are ho n in F gu 1. The 
v.ere made by J. E. Gunn for paper in th ST hop in Baltimore[ ]. They arc 
of a typical" piral gala ta r d hift z - tt would appear through the 10 m 
te · Ha aii, thro e H T and throug (i G 
G v.ould een v.hen the are a e 
u ·een one-third and o e-half the 'th the 
H ive, th v.ith the 'GST are \lrould 
hav clo er to the 16 m than to the H T. 





4 
CTERl TIC 

Discussions extending bac to the early 19 0 bout the power of large pace telescope 
have focused on the combination of ollecting area and resolution as being the 
appropriate figure-of-merit for a tronomical problems. It was realized in the mid-1980s 
that cooled systems would make a major improvement in the ensitivity of uch a 
tclescope[2,6]. The key characteri tic of the OST ob ervatory and it upporting 

terns that have developed o er the la t fe years are umm:uized here: 

• -16 m diameter filled-aperture tel cope with light ·eight optic . 

• 1de bandwidth system: 0. L mm to -10 mm. 

• Diffraction limited in is1bk nd IR; hi h Srrehl ratio in 

feasible. Resolution of 10--0 milliarc e m ) at O 6 micron . 

if technologically 

• Lo -scattering, smooth optic for clean. easily apodized point- pread function for 

e trcmely high dynamic range. 

• Pas i cly c led to l Kor le for redu tion of ba ground b. 10
6 

beyond 2 mm. 

• cti e optic to compensate for thermal and aging effe t . Fine pointing by opti ~ 
element motion in lieu of }' poinnng. 

• High en itivity. The m 11 P F (point- pread fun 10n) and IO\'-bac ground re 
in remarkable sensitivity. Can mea ure > 1 ma \'- nd and <25 nJy 3 micro 

objects in 104 at 10: 1 S • •. 

• State-of-art UV-IR imagin and pe tro op1 in ment ti n ,·ith 1de field, lar e 
format detectors and multiple ed operauo . 

• Compact optical ystem (e g., mall ba e for ht h earth orbit (HEO) operati n to 
le n constraint:, on laun h -.eh1 le) . 

• HEO operation re ul in a m 
gain in performance Prchmrn 
H Tin eight, thereb) re n 

• Siting and ize trade 
diameter primary is 
surf ace i li el to be 
the lunar ba e for a e 

• • 'e term 

I par 
l . 
in l 

. It 
, lo 

r the fi 

i ht, 
ent ind.I 
the HS 

er, ope rat' onal omple it) 
te th.11 1t 1 omp:uable to • e 

1110 h c note that 
1 rn or it tte on the I 
lar_e -ai:1ht; It ~oul be 

r l m. 

on I data in t 
u a m u 
m f r intern 
Funhermor 
em ti n l 
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" V-OPTI LIN P E" PA, 'EL RE OMME 'D.\TIO,' 

ntemporaneou ly with . trote h 21 planning activllle the A tronomy and 
·trophy ic Survey Committee ( C) at the ational A adem of Science ( AS) 

\\a· performing an asses ment of future ground- and spacc-b program . The AASC, 
whi h a chaired by John Bah all, t recommendation fr m a number of sub­
. mrnittee (panels). 

Th a tual program re ommended by the U\'-Optical in Space pane1[4] i ummarized in 
the table 10\v. The tan date and the laun h or completion date 1 also ho"' n. The 
pr JC t are grouped b) their e pe ted o t , into mall, m erat nd large programs. A 
line forte hnology development "a e pit 1tl) highlighted, m e Hi !ear that budget 

nd hedule pro lems an be minimized for projects of any ale b) ha ing the 
demon trated technolo._ie in place before the tart of a project. 

IZE PROJECT Start Fir.:.. h 

L r e. r 199 2 

erate. E plorer Enhancement 1993 
crate: H T Thi.rd Generation In mun n 1994 
er te lrnagm A trometri Interferometer 1997 

mall: mall E plorer Survey 1995 1998 
mall: Space Optic Demonstranon 199 
mall Supponing Ground-based Capabili e 1993 2 

Technology: Te hnologie for Spa e Tele ope 1993 2 

The Panel too the v1ev. th t large rm 10n . m panicular. r uire a long-term plan that 
m orporate appropriate tech.nolo } development and demon traaon · and precur or 
mi 10n They noted 1at t e 1enufi ·e \\-a tron for a u e- or to the H T. The 
panel J-,en re ommended: 

• th t a u e r to the H T re dv to th v. ithin fev. ve . . .. of the end o HST 
nominal life: 

• and that, in the long- erm. there a 1 m tele cope on the lunar urface, it 
near the lar e 1 nar interf er meter. 

r tic 
. h e 

r e 
el T 
] I I . 
te 1ve c Ii e 
· uirem nt ope 

h nrrrr111r e I chat 



s ,t,a;,ty -

Fi~ re 2. n H ·O. 
T ( m - e te 
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There will clearly be pacing item for lunar-based tclc copes that arc unique to such 
fa ilities and so it i appropriate to continue evaluations of ucb questions (e.g., dust 

ntrol, hielding, preci ion motion under low-gravity vacuum conditions, optical design 
f: r feeding sub- urface instruments). Broadly, the outstanding te hrucal issue for all 
th e tele copes are optic , pointing and c ntrol y terns, performance in a pas ivcl 

ledcooled system (the contamination i ue), and detector perf rmance under a high 
kground of particle vents. 

MHEO GT 

iven a trategy that ha it immediate goal an m wideband pa i ely cooled, 
tele ope in HEO, there i clearly n ed to gin the definit"on o the hara teri tic o 
th tele ope and it upportin in_ trument . The overall goal are a tele cope 1th 
diffraction-limited opri in the vi 1ble and the IR, and a "high" trehl rdtio in the t,; , 
that co er from 0.12 micron to~ 10 micr n by pas ively cooling the optical y tern o 
<l K. The P F would ha e a ore ·ith a FWH! 1 ull idth at Half Ma mum of 

ut 15 milliarc at 0.6 mi r n th t ale directl with a el ngth. fe other cy 
haracteri tic hould be noted in e the are crucial for man of the high priorit 
1en e goal . 

• Lo\\- attenng opri for hi h dynamic range, particular! for G and Q O tudic . 
for planetary searchc and f: r tar formation rudie . Thi n traint i much tougher 
than the nominal _o for dlffr u n-limited image . For ertain problems, not.ably 
the planet arch problem, urf e as m th VI ma_ be nece , though thi 
requirement ma onl ha e to be ati fied t -10 mm. Both the goal of diffra tio 
limited · image and the low- anerin optic lead to the challengrng requirement 
of urfa e erro that are < nm. 

• The p · · d control ·ste quirem n are also demanding. The Jitt in 
the tr be at 10 ) of the re elution. Thi tran late in o -1 
rrulli r. The P ill ne.::d to be able to ai quire and tra 

d plan anion . pectro pi penure and lit ·ill 
a fra o n idth of the image . i e., to < milliarc 

• The pl fi · to multiple ope uon o 
ima d be al ture the H T th t 
houl re p 1 - hen earned out in 

parall ith tr 

• The . . u 
o e i 
and 

• min tn l 

mul ffi ientl hi h 
cc e · h red hift clu 
n in t and IR and 
ire m arra 
~ 

... ~ 1 

th n in l 
mbin d 
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processing to minimize the dat.a volume to be transmitted. The mall PSF and lo 
backgrounds will resull in remarkable sen itivity for point source . The visible 
band) background is - 31 mag per resolution clement. i.e., - 4000 times fainter than 
grounJ-bascd observations of unresolved objec , while the 3-4 micron background is 
1 mags per resolution element less than that on the ground, i.e., - ten million time 
fainter than ground-based observations of unre olved objec . Thi mean that for 
integration of 104 s 10:1 S can be a hie ed for 31 mag vi ible object and for 
25 nJy objects at 3 microns (50x the sen itivity of SIRTF at> the resolution). 

While th e are challenging goals, they are not out of line with re onable developments 
of contemporary technology. 

BRE KING AW A Y FROM THE HST CO T URVE 

The total c t of the H T ha been quoted as ing in the i inity of 1.5B to 2B. What 
i usually not realized i that a very ubstantial fraction of the co t of the HST has been 
incurred by the software and hardware for the ground operational y tern and by the 
engineering anal i , pare part in entory, and additional management needed for the 

fa.mtenancc l:lild Refurbishment R) program. Both of the elements arc dri en 
primaril b · HSTs l ation in LEO. An dditional factor th lac of maturity of 
in rrurnental and pa raft technology and the I of e pericn e ith uch a large 

mple p ecrafL ile it i not clear hat the tual ts arc, reasonable e timate 
pla e the ground and operational tern co t t - M and mparable amoun for 
the M R program. Thu the actual co t of the flight hard are • tern of the HST i 
lo er to l B than -B. Thi pro ide a valuable baseline number f: r di u ions related 

to e o t of th.! 'GST. 

\ 'h)' hould the co t of . ·GsT not be proponionally larger b the u · ws? 
There ar l very good rea on hy the • 'GST ould lie on a t co t 

· ST. nob iou one is that the H T the t of th Great 
d that it i based on technol th t i o n . e 

ot in e th T on eived, and technolo ha e 
a antly (e. , tl ectrof"I puters and con and 
in h te hno g1 I e w· av ignifi ant d the 

d operation of t T. r u 1 guide to been 
ht. p liminary of th v.e of an HEO . ' t it 

i able 10 the HST. hile not ht, thi result 

The te hnol gi aJ develop~ that lead ual we1 ht. nn O\er the HST are 
· · ti 1 1enc1es m opera • 0. Together the 

e , nev. opo and f hnologie (e.g., 
p hin il · 

g 
t 

0 

and the 
eH l 
· n t if 
r 1 o rapid c 
m unted tarp 

11 
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plu an active optical element for fine pointing, combined with large area detectors for 
fi ld acquisition and guiding, would eliminate the three massive Fine Guidance Sensors 
(FGSs) and greatly simplify the Pointing and Control System. This has been one of the 
mo t demanding elements of the HST. Finally, by taking the step to a non-human-rated 
non-maintainable ob ervatory (except possibly for robotic replacement of cryogen • if 

rive cooling systems do not reach maturity con iderable funher avings can accrue. 
While we have discu ed GST as being a ingle all-purpo V to mid-IR telescope it 
ha been suggested that it may well be cheaper to d~sign and configure two spacecraft, 

ne for the -Vi ible and the other for the i ible-IR. Thi is not obviou l the case. 
Te hnical feasibility tudie need to combined with co t trade-off analy e to establi h 
the most co t-effecti e and timely route to fruition of the program. The current baseline 
1 to con ider G T a a ingle HEO tele ope. 

TECHNOLOGY IS 

major element of the the MSFC studies and the o hop on •G T has en the 
identification of area of technological developm nt that are cru 1al for 'GST to 

complish it cientifi goals. The o hop in Pa dena rganized under the au pice 
of the Astrotech 21 program had its objecti e the generation of a Ii t of hi ue tha 
needed to be add.re and re I ed as the project progre ed. The Top Ten lss s ha 
re ulted from tlu me ting (a noted b, the author t an earl ta e in the generation o 
the wo · g panel reports) were: 

• Can a ingle pa 1 ·el c led tcle ope designed for the - 0.1-10 mm avelen 
region? E en if 1t an be, hould it be, or hould t o telescope de eloped, one 
IR/Vi ible, the other i ible? 

• Where i the breakpoint in size tween monolith and segmented rnirro ? ile not 
uni ersal, it thought pracncal to ha ea monolithic mirror at 6 m, and imprac · 
at 10 m and be ·ond· they would be cgmentcd beyond 10 rn. I m O for 
monolith? hould it be? 

• Ho d on arry o ptual de clopment. Thi · · 
tween opoc tical , o ucal de ign, tru ture · 

poinnng and I y te and in trument . Then m 
de clop a me ology for ·~~-· .. evitable trad -off among n 
co t, te hnolo and pa d infrastructure including p 

apability). 

• at are the ateri ~hes for fabricaung the 
pa 1vely coole tern ? 1 challenging where th 
required I mm the vicini of mm "" 
for C p and · · l be the re t 
demandin 1 uire uon that the 
meth olo in hand. opu n ed to 
th'!n te te the rati o , nd Her ted ... 

mponent of th err r bu 

• an ontaminati n o the I 
tran mi ion of the y tern i n 
practical? 

12 

u 
cd? 
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• Cara all the required te ts during the de ign/demonstration phase be carried out on the 

ground. or do tests OT demonstrations need to be pcrfonncd in space? What degree of 
sub y tern and y tern level te ting is appropriate during construction? How can 
system level tests be carried out on such a pacecraft? 

• What is th likelihood of the a ailability of a launch ehi le (Hea y Lift chicle/ 
dvanced Launch System, HL V / LS) with th appropriate} ized shrouds? The 

urrent concept for HL V and the upgraded pper Stage ha the required sizing and 
capacity (more below). Is servicing desirable? What are the ost, ri k trade-offs? 

ill the technology be available in HEO? hould it. at are the prospects for 
ro tic terns? 

• Can the required pointing, tra king and lewing capabilities be developed for a system 
· th such demanding requirements. The structure, the PC , and an drive ources 

a.1d ooling sy terns will have to be uch as to limit trac · g jitter to le than 1 mas. 
Such a tringent limit is required if the 10 mas diffraction-limited image of an m 
"GST are not to compromi ed. Thi may require an ti e opti al clement (e.g. 

the secondary) instead of body pointing. A simpler acqui ition and guide ystcm is 
reqwrcd. Would array detectors 'th onboard p essing to measure image centroids 
uffice? Such a system would ve sub tantiall on the weight and complcxuy 

compared to the HST FGSs. 

• ill the appropriate management, oversight and rcvie tru ture in place? 
repeat of HST problems would not de irable. 

• The radiation environment in HEO is 1gnificanll worse than that in LEO. Ho can 
high QE dctecto be operated in u h environmcn so as to minimize an effects on 
the data? Can on ard p e~ rs adequate! rad-hardened for reliable operaaon? 

To thi list it would be cry reasonable to d a fe more pec1fic area "'hich ere not 
directly identified during the or op, but hich are necessary to carry out the ientific 
program. These arc: 

• Use of acti e opti al and po 1 1 • tru rural components to correct for figure erro 
and for pointing control. Thi re mre a en ing tern for wavefronr error and 
control of the optical urf a e t lov.- patial frcquenc1e . The primary mirror ould 
then ha ·e tuato for acti e ontrol of its figure. The s · tern also ould rcqulJ'C 

• 

ti e ontrol of the location of opn al elements (e.g., econdary) for compensaoon 
and t r fine pointing. 

ill need to paid to lllllUID.lzin the mechanical noi e in the y tern. If 
an a n e c ling s stem is to u cd OT the IR detector , it mu t ha e e lo"' 
lc..,el of me hamcal noi e. The PCS tern v.,111 clearl need lo 
omponents. 

• The in trument 
remain h1 h and 

e a hallen e. The o erall throu hput mu t 
read noi e and on p ng to en urc 

dequace remo I of pan1cle e ent 
coin idence detection The dete 

et the areal \.Cra e r uired 

1 

Thi ma c I e array for 
111 need to of tnd1v1dual unit to 
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BILITY 

The cu tate of laun h chicle i m flux. A new generation of large capacity launch 
v mg di cu d and design de i ion are ing made. Thi i a joint Air 

EL (e pendable laun h ·chicle) program, v. h1 h ha ariou ly been 
L < d\ need Launch System) or the HL (Hea y Lift chicle) 

program. Conceptually it i a ular tern with a wide rang of canying capacities - to 
kg m LEO. In addition to its large lift capacity, a de 1gn al 1s to ensure lo co 1 
to pace, a goal that could not be accompli bed ith the human-rated, cry 

apable, but n ·1 uttle proJe per pound i low, 
\ ar: mg from 'lb g m b for t model (one tenth 
that f Shuttle h 1 . On ] of rogram noted that 
the lar e HL taur u as proj have 12- K kg lift 

tin to it of l b 1 _ diameter. Such an 
pe an r an adequate for the TGST. 

more pe 1fi . fo m GST c · need to put rn diameter, 15-20 m 
1 nvelope 1th m -14-1 K g (1.2-1.5x HST) in km HEO. It i 
i · g to note that SSR Energia has such capability, ible c ccption 
o te upp The dis · s and the . A projections hown at the 

led to a us that the requ· apability would 
1 f te 2 -2010 tim arantces can 
u , e u · e Co emphasis on 

t) e s apability . I think that 
1t 1 · o , oted in the pre e ing Jauo h 
veh1 e · o , hat "space tele ope hould not be 
con to ent le .:, e er, 1t is clear that th nstraints do 
need t put to pl 

M ' GEME. I 

With the realization that pherical aberration problem on the H T as not one that 
den\ed from limitation technolog but ne that resulted from lunitations in 

ement, re ev. r ight[9], it ould be remi of an d. u sion of a major 
t i no . th nge of managing u h project This challenge must 

f ·- square!;. ven the ame level of attennon t required for t e 
te hnolog1cal agement i uc are at lea emanding a the 
te hn · · es are to be e p«ted in projec of uch cale 
The that allo for · n · n and rapid 
• rre c1al element of the ent of uch a 
p je gc , engineer an o e t call r 
and volved m the program and that c long-term 

· ent. In · · it mu invol c full the end f ion m the 
Th t i . 1 oh e the 1entific and engmeen 1enufi 
ty. The m the H T h uld n ne le cad 1th 
e e 

e 1 
p ( d 
re e 
al . 
pc 
t i le i 

14 

1en e ommunit,. 
h meet for frequent 

hould full 
elem nt of the 

that i ·ail le 
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to it for analy e . The SEWG input and the issues that it raises should have solid 
technical underpinning . This will require that the SEWG has a technical suppon team 
that broaden the e pertisc base of the SEWG and interfaces with the ASA and industry 
groups. 

The SEWG should develop a clo e working relationship with the project manager. 
Ideally this should be a supporti e relation hip built upon mutual respect. The project 
manager and hi or her team should ha ea long-tenn commitment to the program, with a 
clear understanding that they ould be appropriately re arded for their commitment. 
Within the project itself there hould clear line of authority and responsibility. Unlike 
previou programs, there hould not be any parallel division of authority between 
organization . In addition to the SE G and the Project stru ture, the designated science 
center hould be implemented earl and fully involved with technical suppon for 
continuing analyse . 

The analyses and tudie that are performed must extend through to ystem-level 
analy e , simulation and tests, with appropriate degrees of redundant tests. It would be 
extremely valuable to analyze systematicall and objectively the H T experience, to use 
that as a learning tool, and to incorporate the e perience of other large successful 
program , including some of comp rable cale done within orher agencies and non­
go ernment supporred industrial projects. ucce ful high-te hnology projects done 
within DOE, DOD and, fore ample, B ing could well be utilized a source of funher 
e perience for project management. mean of coupling those directly involved in such 
program in om tructured ay (a small or hop or retreat?) that allo open 
e change of idea and e perien e ould be valuable for all. 

The abili to u cc fully cany out a large pace cience program i go emed in pan b 
tlie degree of onfidence that re ide within the political environment that all the 
element , scien e, technolo , and management will come together to bring a ut the 
program' ucce ful conclu ion. The Challenger and the HST will dog us all through the 
difficult job of m · ng a con in in ase for such major projects in the future. We ma 
find it impracti al to obtain the fun ing for tho c cy projects that are at the bean of 
a tronomy if Y.e fail agarn. 
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WORKSHOP PROCEEDINGS: 
TECHNOLOGIES FOR LARGE FILLED-APER RE TELESCOPES IN SPACE 

I TROD TIO 

GARTII ILLINGWORTII, LICK OB ER TOR 

G. ILL G ORTH: In September 19 9 in Baltimore e had our la t meeting about what e 
ha e ome to all the ne t generation pace tele cope the GST. Thi is a generic term far future 
large broadband /optical/IR) tele cope in pace. An "e 'v talked about orbiting tele cope 
and tele cope on the Moon as I'll discu in a little more etail and you'll see much more of that 
later thi morning. 

o at the time when e held the GST meenng, we t I ed bout a 10 meter telescope in high 
eanh orbit and a 16 meter on the Moon. We w re \CI) arnbitiou and, of cour e, that' the right 
wa to be at an early tage in a project. 'obod) i ever oing to uggest that you in re c the 

ope a ou go along in a project. And o ;ou ant to l t the ientific goal and loo and 
e hat ort of program, hat ort of proje t will all ~ u t arry out tho e goal . d then, 

get a feel for the ale of hat you need and I t the te~hn logic and iterate to me final 
olution v.hi h. of ourse, we're nm at yet. 

The di u 10n a very broad ranging. One of the thtn that I thin was very clear he 
mecun how in eclibl powerful the e om of tele ope are ienrifically . 

. ·o ond ity which a occumng in this ·me le the Bahcall Committee, the 
rro an phy ics Survey Committee - a rronom. in the 1990's · ail . E e 

d nom et together and it do n and cry and pnorinze program ions in the 
n The Optical and Spa e Panel of Committee clear in 
th ut a "ariety of mis · n and progra panicular one a f 
di t lar spa e tele ope . · led 10 a lot o 
D ge e ope c pare ngotng deb 

nit. da . The p t until ne. t month and I'm not 
o go into det but I an of t m · on 
e. It · len of ti 

put large mi e at. ou 're I 
m re than _ . 

I'll t h bne y on th tu I tit 
mentioned Jim Cut \.\.ill deal w11 

h B In year 
uire ologi 

hand. to 
t e that eneri t 

of he h 
later thi afternoon. It 

0 

to O \.e 
t t 

~ le 

G. llhn"' nh !lo · 
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8 m V-VISIBLE-LR LARGE SPACE TELESCOPE ( GST) 

Characteristics 

• 8 m diameter filled-apenure ,;.,jth ligluweight optics. 

• Diffraction-limited in isible and IR in UV if technologically feasibl . 

• Resolutions from 8 mas at 0.25 µm, to 20 ma at 0.6 µm and 100 m at 3 µm. 

• Low-scattering smooth optic for high Strehl ratio in 

• Clean, easily apodized point-spread function for extremely high dynami range. 

• Active optic to compensate for thermal and aging effect . 

• Wid bandwidth system: 0.12µm to - lOµrn. 

• Pas i ely cooled to I K or Jes tor reduction of bac ground by 106 in IR beyond 3 µm. 

• Compa c. fast optical y tern with mall baffle for HEO operation. 

• High ensiti.vity - can me ure 31 mag -band) and _5 nJy ( µm bje L in 104 at 10: l S . 

• State-of-art UV-IR imaging and spectra copic in rrumemarion \ ·1th ide field large fonnat 
detectors and multiple ed operation. 

• High Earth Orbit (HEO) operation - saving on size, eight, po er, operational comple i plus 
gains in perfonnance - comparable to HST in weight - bre a ay from H T co t curve. 

• International participation highly de irab1e. 

20 
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GT GOAL 

The high sensitivity aero the U -IR (and parti ularly in the IR) gi es remarkable imaging and 
spectro copic performance at re olution ranging from ma in the UV to 100 ma in the zodia al 

"windo " at 3 µm. 

• Study of star-forming comple e ith re olu11 n of - 20 · 1n th nearest tar-forming 
complexe and 40 A at Orion at 3 µm (3 an 6 A at 0.5 µm. re pectively) - stru ture and 
dynamic of proto tellar di s (25 spatial re oluu n element a ro a l AU di in Orion) -

ground per resolution clement i - 10-7 (1 ma fainter) that from ground. 

• Stellar population : S = 10 in l m i ible at 31 m ~ Initial Ma s Function to+ 1 m n are t 
globular clusters, + 12 in outer clu ter and L 1C/S.1C, belo main equence turnoff to+ 7 in 

l, M32, M 

• Structure and e olution of (forming'>) gala ie at red hif z > I; w11h 20 mas re olution g · 
can be tudied at any redshift z at the re olution th t i < - or e than that seen for 

al · from th ground (- 150 pc). 

• rud of high-redshift objects in the zodiacal ba ground "v. indow"· - 1 kpc re olution at an. 
redshift matche chara terisri ale of o-u rure (0.- - ) in gala ie (bulge and dis len th 

ales, tar forming region , p1ral arm , mer .... r 'arm and tail "). 

• Detection and pcctro copic mea urement of gi nt planet around the neare t tar 
apodizing/intcrferometric y terns to m 1mize ontra t again t th tellar light and the 

ba ground. 

• AG and QSO - high d nami range ima in_ and pe tro op)' of narro hne region -
re olution of< 1020 mat 3C27 : 4 1018 at. 'GC 41 1 

• Hlgh pectral re olurion V tudle o ab orp 1on-hne y tern in a large ample o lo red h1ft 

QSO. 

count from z - 0 to - > _ in_ L. man brea in -pe tral energy d1 tri ti n 
filters to define re h1f1 h it. 

• Evalu nng m (dar matter.,) uti · 
tru rure and di tnbuoon of . le 

• Gala tic nuclei re ol e < p 
complcmen mterfcromete 

atlable. 

• I • 1 - the e\.oluo c ,th red h1tt; en 
tud.Ic - 1zc. ph tat 

and lu ter ( nd cl e h re?) rom 

op_ in inner narrow line region in IR. 
ture when full ' -\' plane overa_e not 

L en 111v1ry for hi h tral re olu · on 

• 1m in and pc tro copi tudie pl e• • re h 40 m n Io at O 4 µm. 

• t liar tr ph 
m nitu (-

n wid h, i_h temp rat re· lurion tu ie . \.Cf) int Ii 1 in 

I re lut1 n r 1.r de 1eld . 

.., 
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" 
• Di tanccs: parallaxc to > 5 kpc, distance to Local Group galaxies (M31) from proper motions 

of objects in circular orbit , astromctty with 100 marcscc centroids for objects fainter than 25 
mag. Distances o er large volume from extended "classical" tests (ccphcids, Fisher-Tully, etc.) 
plu new technique ( urface brightness fluctuations, planetarie , etc.) for mapping galaxy 
di tri ution in -D. 
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G PERFORMA CE GOAL 

• Large Space Telescope: ominal m pa ively cooled, diffra tion-limited. wideband. High-
F.arth Orbit (HEO) telescope. 

• Bandwidth: 0.12 µm to - lOµm. 

• Diffraction-limited: milliarc ec (m ) at 0.2 µm: _o ma t 0. µm: 1 mas at µm. 

• Lo attering opti for high d nami ran e, parri ularl for G and QSO rudie , and for 

plan tary searche . 

• Pas i el cooled: - 1 K; IR b c ground< IO- that of ground at I-... µm, and - lo-6 t -5 µm 
in the dar windo between iacal s attenng and emi ,on. 

• High n itivity: i ible bac ground 31 mag per re olution element, 1.e., - 4 x 103 fainter than 
ground-ha ed ob t:rvation of unre olved obJe t ; - µm bac ground i 1 mag per re olution 
element less than that on rhe round, 1.e .. - 10 a inter than ground-ha ed ob ervation of 

unre ol ed obje t . 

• For integration of 104 • 10: 1 S to be hie ed for _Q m \i ible objec and for 25 nJ 
obje at µm ( 0 the en iri\1ty of IRTF at> the re oluti n). 

• Wide-fielct: Large ~ al plane field; Indi'- i ual in a-ument - - __ min in V1 ibl and IR - 0.5-
1 ar min in ; allow imaging (and muln-obje t pe tro p) ?) f Jar ... e group mall clu ter 
at high red hift, embedded tar clu ter in young loud throughout the gal , etc. 

• Dete t0r : v..i -field and high-re olution requi;-e dete tor arra of> 1 
i ible, > 2x 103 2 103 in IR. 

104 pi el in and 

• High-throughput pc trograph , v. ith m lri-obje t cap b1lit) (. 10S . parucularl for cry fa.mt 
re ol ed/partially re olved ob t or· ure . v..a\elen th re oluri n from 103 o - l 

• Multiple ed operation o im er nd pe crograph for. e ....... ultr.1-d ep urvey . 

• cqui ioon and tra ·'ng of feature on planet and pl et~ mp nton . 

• Stable era in to IW o re elution. i.e., - I ma .. P incin o 10--0 m . 



AREA OF TECH OLOGY EMPHA I FOR GST 

• Manufacture of large, lightweight optic , with th goal of diffraction-limited performance at - 0.2 µm. 

• Low- cattering optical surface for high d)-nami rnn e ob en, tt n (e.g., planet detection, 
AG , QSO ). 

• n ing of wa efrom error and ontrol o the opti al t low patial frequencie . 

• Pas i e cooling of the optic and structure to 100 . 

• F bricarion and test procedure for optics to be operated at lo temperature . 

• A ti c control of the location of optical element fe.g., e ondary) for com pen ation and for fine 
pointing. 

• Sy t m level te ting of the telc cope n the groun 

• Lo m hanical noi e, active coolin 

• Lo ibration, "quiet environment to en 

tern -or IR det to and in trument . 

1m ~ qualit). 

• Lo "noi " pointing and control PCS) r m 

• Simplified PCS y tern u ing imaging array n onboard proce ing. 

• Tracking to - I mas; pointing to 10 m ; a rive oncrol o focal plane metrology. 

• High throughput optical y rem for m trumen 

• De tor mo aic th > I 04 I 04 p in th i ible. > 2 103 2 103 p m the IR. 

• Detectors ·th co mi ra)- di rimination. 

., 
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TROTECH 21 lJMMARY 

8 m HEO UV-Visible-lR Telescope 

Program ummar : The ext Generation successor to HST would be a m pa ivel cooled, 
diffraction-limited., \\-ide-band, filled-apenure telescope operated in High Eanh Orbit (HEO). The 
rele cope ouJd ha e a fast, lightweight. primary and be pa 1 ely cooled co -100 K for 
outstanding n itivity in the IR. 

ience Objecti : The m tele ope wouJd combine remarkable imaging performance, ""ith 
resolutions ranging from - milliarcscc in the to some 1 mas in the dark zcxliacal '-'-indo""" 

at 3 µm, with e en greater capability for spectro copic observation of faint and/or low surface 
brightness objects ar the big.be t spatial resolution. It would have unpre edented power for tac ·n~ 
a wide range of the most fundamental astrophy ical problems, rangmg from the detection of 
planets, to star and planetary system formation, to the structure and e olution of the ISM/IG and 
to the structure of (forming?) galaxies at redshifts z >> 1. 

In trument De ription: 
• Filled-aperture, p si el led -IR tele pc. 
• m diameter primary. 
• Lo -scattering, diffraction-limited optics. 
• teeter c lin requirements from~ 4 K to~ 270 

Performance Goals: 
• Bandwidth: 0.1 µm to :10 µm. 

• Diffraction-limited: milliarcscc (mas) at 0. 5 · 0 mas at 0.6 µm; 1 ma at 3 µm 
• Low-scattering optic for high dynamic range, panicularl for ' ima ing and for plane 

searches at l O µm. 
• High sensitivi : isible b ground 31 mag per resolution element; 
• Passively c led: 1 K or le ; 
• Wide-field: > 2 arcmin in isible and IR; > 30 arcscc m U . 
• Stable trac · to 10% of resolution, i.e., < 1 mas, and pennon_ to 10 m 
• cquisinon and · g of feature on plane and planel.3r) mpam n . 

P cing Tecbnologi : 

• Manufa turc o e optic ·th the goaJ of di rion-limited pcm rman e t O _ m 
• Lightv.e1 ht o \\-1th on uppon and contro te 
• tive scnsin ave n and control of the al at low fre 
• cove control of the I auon of optical elemcn ( e . for 

fine po · 
• Pa 1 • tru ·rurc to 1 
• cti nt . 
• Trac o ma - ali rata 

,. 
le 

en ie . 
and for 

• Det 1 I p in the . ' 
• Det > rurunauon. p in the I . 



4 
Ii ion De cription: 
• High Earth Orbit - - 105 to mirunuze det tor background. 
•, Tew- tan date: TBD 
• Launch date: Po t HST. 
• Launch ehi le: Shuttlc-C; LS. 
• Launch m . m ular - total 30. , g. 
• Duration and ervt mg. >-0 }Car . Y.ith in trurnent upgrade and en i ing e e 5-
• E timated o t· TBD b t > - illt n. 

p craft ) tern : 
• T ta.I poy,er reqmremen 
• Power ource: olar panel around > o tele ope un lueld. 
• Thermal Control· pa 1 e (r tion). 
• Pr pulsion requiremen . pomnng and rra ng. 
• D bandwidth nominally l O • lliz. 

pport ol · : 
_ te vel te n ple te prior to laun h. 

• Fabn n and te or opll operated at lo temperature . 
• Yr auon 'qwet en nt to rnage quality. 
• Heavj-bft laun hand tran ht le . 

Pro ram tatus · nd · th cienu in 1he 
T\\ t: nn -Fir r Ce 1he I onal emie o 

c1en · e, of En · t tv. o lon -term programs 
tu hltghted m ( me · g Group) tratcgy 
Report, and y, ext Generati -Visible-JR Space 
Telesco r 19 9. Initial a · ghlighted the power 
o tlu t fundamental as~ e own some 
early de n wi the tron urve Committee 
or the ( critical technolo or a technolo 
e ·elopment program. 

nc : See the 
, -I pace 

ro l)'SLCS 

\ le e.1 

Inf rmation pro, id d b~: 
Calif mia, anta ruz. C 9-

of o p The. 'en Ge er tion: A 10-16 
e m anel repon of the rro 

in " e Bah all'' co 

nh, l'CO 
3: (Fa. -

ervatory, 'niver i o 
11 . 
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WORKSHOP PROCEED GS: 
TECHNOLOGIES FOR LARGE FILLED-APERTIJRE TELESCOPES IN SPACE 

JET PROP 

A TROTE H 21 GO L'"' 

JL 1 CITTTS 

O. • LABOR TORY CALIFO fu\ STmJTE OFTECHNOLOG 
Pasadena, Calif omia 

larch 4, 1991 

J. CUTTS: I would 1 · e to welcome you to the A trote h 21 or' hop on Technologies for Large 
Filled- perrure Tele ope in pa e. My name i Jim Cun and I am the the manager of the 

anced In trumen Pr gram Office at Jet Pr pul ion La ratory (JPL) which is re ponsible to 

for performing th trote h 21 rudy. 

In pring of 19 9, the A troph ic Divi ion C e SZ) at.· A headquarters initiated the 
planning of a te hnology development program ailed rrote h 21 to develop the technology base 
fr r the A trophy ic mi ion developed in the peri 199 to _025. The imperu for thi c!lIDC 
fr m the dire tor of C e Z, Dr. Pellerin, ·ho re ognized that new technolog would be need • o u tain the momentum of exploration gun ·th the Great O er atorie . The Jet Prop i 
La ratory w ta ed by the trophy ic Di ision to lead the planning of tr0tech 21 for the 
agen y. I led the Astrotech 21 tudy at tts in eprion· howe er, v.e ha e recently assigned Jc 
Fordyce to take over the leadership of the tud_. He i being uppor.ed b Juan Ayon and Dayro 
Jone . Je repons to 1 e Kaplan Chief of dvanced Progra.rn in ode SZ. The A trotcch 
program i being defined in c peranon wi h the Spa e Directorate (C e RS) of the the Office o. 

eronaun , E· ploranon, and Technology CO ET) v. hi h will play a major role in str0tcch .. 

im lementation . 

.-\ trot ch 21 tud) r aniz.ation 

l ld c to a a f ev. v. rd te h _ l ha been trucrurecL F 
r ruzed that tO. fonnulate 1t had t u ed plan. The 
n \ e the re ur e to pr . of o provide thi 

• • 
• 

• •: 
I needed to develop a much 1 oppo r u ing new tee 

'e needed to update idea o riorines and in parti ular to id 
emer_;in onal te h rde of magnitude irnpro emeots in 
re l · ·-.:ity. We 1cmi ion ti • • 

,· Three JPL 
of 1en e 0 

tee · que be.ca o 
t er . Equally importan 

tc l 1m nan e in sp 

• 
• 

I e I 

• • e e and pportuniue · 
:i 111 trated m the \1ewgraph sh 

• 
• 

Pl _ e 

•• • 
• 

n di ferent 
0 .ervation 

Dayt n J ne · 1 • h 
F rdyce i handhn 

• • 
• 

•• 

•• 

• 
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tudie and Technology Requirements, and Juan Ayon i co ering In grated Technology 

Planning. Je Fordyce, a I mentioned earlier, i al o no re pon ibl for th entire tudy. 

The Astrotech 21 tud · being implemented through a · of"" ork hop in olving scienti t , 
engineer , and manag ~ ASA, univer i · · d rnment laboratorie . 

everal hundred indi a e been in ol f d ndation are 
being ented · of reports and pr · ph 
illustra f p ha an ·1 rlle-nt of the 
three I Te W on In · r and Opu al 

tern · p e final output of th olog_ areas. 

Origin e e pe ted the of the tu be Ii Ho "er, 
· g the Pre 1dent an ement in J 9 9, cd on 
E ploration lnitiati e ob rvato ncept Although 
or i no e, i ulted in a widenin upported 
trotech 2 Orts purely on Jun · · mately widened 
ope of m· · ude th ru no 

Program" can n e ph), T it Tel 
i · u . H eve r I inclu t ele tha 

mg at u1i m c 1d red puon. 

rem n the umin of 
thac e pl -e qu nri 

· 'Reqwreme 
· th ee 

id ug 
,a n 
l epte 

re the Balrim V\..'-"-UI • 

· i lved m 
eerin 
ht h 

held o fr. and 
Techn of ur h n p 

ti 
· tin -t 

Bear in min 
mendati. 

2 

meeting. In f 1 

ill be 
at e ill ant 
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tructure of thi Wor~ hop 

As I mentioned, Ganh Illingworth and a number of the other members of the organizing 
committee met (in Columbia, Maryland) in December to lay out a uitable format for thi meeting. 
Let me now descri the format and the topics we will be covering. 

We begin with Jc Fordyce and a de cription of ad ument that the trotech 21 tudy team ha 
put together hi h project the p e infrastructure that will e · t in the time peri of intere t For 
example, it include an asse smem of the likely laun h chicle capabilit which will determine ho 
large an ·o T can be launched. 

ext, \lr"C ha ea bnefing fr rn P ter t an on the tatu of the HST. A tually, we have as ed 
Peter to go a linJc beyond thi and cover some of the le ons learned from the HST which will 
guide some of our discu ion in the ne t 2 day . 

A session folio · everal papers on mission concept . Pierre Bel of STS l ill dJ 
some of the tra een orbiting rele opes with monolithi and gmented primaries ill 
examine a ign concept for a 6 meter monolithic mirror in hi h Earth orbit. 1ben we 
will hear from avi of · 1 dJ u a segmented on ept for higli Eanh orbit. 
Max ein of M ill go gmented on the lunar urface hi h have 

n e amined e FCs SEI a · The in thi sc ion i 
from Da e Meie h · y Fille orbital 
deployment. Thi all co,.e o p on Spa e 
Interferometry ( though linl of this 

or hop, e th h lie o re berween a filled-aperture tel ope 
and an interfero referen nt. It al o represcn a cl of dcplo)-
able tel hich re but laun hed th e I ting Laun h 
vehicle 

The next sc ion deal ·th optl te hnology. Jerry 'el on ·u de th 
used on the Kee 10 merer tele ope; Roger Angel of Ste ar b e p 
polishing for CT) large rigid monoli · for ground- d t : 
European Southern Ob rvat • 111 light · ta ti\ e monohthi m 

c Tech Tele ope. Jerry Zimmennan of ill n lude tht ct10 ..u.,-..u,,.,1on 
of lo ma r for pa pe . 

From there ntinue •1th tru ure an ontrol 
will · · Centro ntera non Program .. 1i e 
th omrollrng 1 pa m , an Ga!) Beal 
di of the P in ntrol S_ r the HST. 
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ASTROTECH 21 
OBJECTIVES & RATIONALE 

• THE PRIMARY ntRUST OF THE ASTROTECH 21 PROGRAM IS TO DEVELOP 

ntE TECHNOLOGJCAl. BASE FOR THE ASTROPHYSICS IIISSIONS FOR 

THE PERIOD 1995-2015 

• NEW TECHNOLOGY IS VIEWED AS VrTAl. FOR ACHJEVJNG THE ADVANCES 

OBSERVATION CAPABILITY THAT ARE NEEDED FOR CONTINUING 

SCIENTlFIC PROGRESS 

.JPL 
ASTROTECH 21 

ORGANIZATIONAL ROLES 

• ASTROTECH 21 IS BEJHG PLANNED BY 

• OFFlCE OF SPACE SC CE AHO APPUC4TIO S (OSSA) 
ASTROPHYSICS DIVISIO (CODE SZ) 

• OFACE OF AERONAUTICS, EXPlORATIO A O TECHNOLOGY (OAEl) 

• THE TECHNOLOGY AND ADV ANCEO DEVELOP EKT PROGRAM L BE 
l PLEMEHTEOJOIKTLY BY THE PARTICIPATING ORGANIZATIO S 

• JPL IS ASStSTING THE AGENCY PLANNI G ASTROTECH 21 

31 
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ASTROTECH 21 

PLANNING PROCESS 

SCENCE OBJECTIVES 
AND OBSERVATIONAL 

TECHNIQUES 

IIJSSION/SYSTEM STUDIES 
AND TECHNOLOGY 

REQUIREMENTS 

INTEGRATED 
TECHNOLOGY PLANNING 

ASTROTECH 21 
TECHNOLOGY PROGRAM 

AHO 
FUTURE MJSSION 

OEANmON 

NEXT CENTURY ASTROPHYSICS PROGRAM: CANDIDATE 
MAJOR AND MODERATE MISSIONS: 1995 • 2020 

( FOR TECHNOLOGY PLANNING PURPOSES) 

1995 2000 2005 2010 2015 2020 

11 I 1y1 
I I I 
11111,..,. 

I I I I I I I 
I I I 

I I I I I I I I 
l I I I ! I 

I I I I I I I I l 
I I I l I I I I I 
I I ,. 
I I I I I 11ip1 
I I I l I I I I I 

I ... 
I I I I 

~ I I I I 
I I I 
I I I I I I 

I 

~ I I 
I I I I 
I I I • l I l I 

y. 

~ 
1 I ,. 

I I I I I I 
I I I I 

I I I I I I I 

I I I I 
I I I 

I I I I I 
I I I 

I I I I I 

w(Sl'f H1C.H n-tROU~T fACJUTI 

e t t t I • I I 
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ASTROTECH 21 

MISSION/SYSTEM STUDIES AND 
TECHNOLOGY REQUIREMENTS 

INTERFEROMETRY MISSIONS 

TECHNOLOGIES FOR OPTICAL INTERFEROMETRY lN SPACE 
CHAIR. S. SYNNOTT (314) 

APRIL 30-WAY 2. 1990 

TECHNOLOGIES FOR SUBMJl UIIElER ASTRO OlilY FROM SPACE 
CHAJR. COLIN WASSON (SAO) 

DECEMBER 1~11, 1990 

ADVANCED SPACE VLBI TECKNOLOGY 
CHAIR, DA D H. ROBERTS (BRANOEJS UNIVERSITY) 

COCHAIR. GERRY LEVY (310) 
12·13 FEBRUARY 1991 

ASTROTECH 21 

MISSION/SYSTEM STUDIES AND 
TECHNOLOGY REQUIREMENTS (CONT.) 

HIGH THROUGHPUT ISSIONS 

LARGE Flll.ED APERTURE TELESCOPE N SPACE 
CHAIR, GARTH n. GWORTii (UC SANT A CRUZ) 

MARCH 4-5, 1991 

TECH OLOGIES fOR FUT\JRE SUB 1.LLI ETER MISSIO S 
LEAD, TO FRASCHETil (383) 

INTER L STlJDY 
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ASTROTECH 21 

MISSION/SYSTEM STUDIES AND 
TECHNOLOGY REQUIREMENTS {CONT.) 

GRAVITATIONAL WAVES 

TECHNOLOGIES FOR LASER GRAVITATIONAL WAVE OBSERVATION IN SPACE 
CHA RON HEWNGS (314) 

APRIL 19-20, 1990 

ILUMETER AVE INTERFEROMETRIC GRAVITY WAVE OBSERVATORY 
LEAD. JESS FORDYCE (312) 

TEA ALST\JDY 

ASTROTECH 21 INTEGRATED TECHNOLOGY PLANNING 

.JPL INFORMATION SYSTEMS 
WORKSHOP CHAIR 

EDNG 

I G AND OPERA TIO S 

• H IIAFrsHJIJ...L (UC II ELEY) 
• DAVE UVUIY (NASA HE.AD0 AR'T'EAS 

• SPACEBO E DATA SYSTEMS 

• SCIENCE ::>ATA SYST S 

• 
•ETHAN 

HEADQUARTEJ'tS) 

• DATA GRATIO A O ISUALIZATIO 

) 
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ASTROTECH 21 INTEGRATED TECHNOLOGY PLANNING 

.IPL SENSOR SYSTEMS 

WORKSHOP CHAIR 

BARBARA WU.SON 

PANEl, CHAIRS 

• HIGH ENEAGY DETECTORS 

• ANDREW SZVMKOWlAK (GSFC) 

• Ul TRA VJOLETMSIBLE DETECTORS 

• GETHYN TIMOTHY (ST AHFORD) 

• INFRARED DETECTORS 

• CRAIG lokCREIGKT {ARC) 

• Sl/BlllLLJIIETER WAVE HETERODYNE SENS4-tlS 

• ROBERT WILSON (BEll LABS) 

• DETECTOR SIG.HAL PROCESSJNG AND 
ARRAY DETECTOR UUL TIPLEXING 

• ERIC FOSSUM (JPL) 

• CRYOGENIC SYSTEMS FOR SENSORS 

• RON ROSS (JPL) 

ASTROTECH 21 INTEGRATED TECHNOLOGY PLANNING 

~PL OPTICAL SYSTEMS 

WORKSHOP CHAIR 

J BREOKINRJDGE (385), TOM GLAVICH (385) 

PANEL CHAIRS 

• OPTICAL SYS'TE.US INTEGRATED IIODELUHG 
• ROBERT SXAHNON (U • OF ARIZONA) 
• ROBEJIT LASKIN (JPI., 343) 

• OFTICAL. IIATERIAl.S ANO STRUCTURES 
• TEDSAITO ) 
• SKARGH UHGENSECK (.IPL, 355) 

• OPTICAL FASRJCATION 
• ROG.ER ANGEL (STEWARD OBSERVATORY) 
• HELMS (JPl.. 354) 

• AVEFROHT S.EHSING AND CONTROL 
• Tl PITI'S(ff'EK) 
• GEORG.£ SEVASTO (JPL, 343) 

• OPTICAL SYSTEMS TESTIHG 
• JAMES WY /.Nr (WYK.O CORP, UHIV. OF ARIZONA) 
• ERIC HOCHBERG (JPl. 315) 

• ADVANCED OPTICAL I STRUMEHT TECHNOLOGY 
• SHAO ( Pl., 3&5) 
• CRISP (JPI., 315) 

5 
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QUESTIONS: 4 

B. WOODGATE: Can you tell ho · the funding of thi " JI be implem nt d? Will there be an 
Announ ement of Opponunity .... and ill th re be l panicipattng? 

lo of di cu i n a ut that and the nl thm I 
in Ii tened to r 1 advice on ho\\ th1 might 

e in fund go to the universitie . Th · cenainl 

v at thi poin · 1 
e. I thin 
thing that' 

P. STO MA : Y u mentioned th t ma3or funding i m ·t l el) to tan 10 '94, '9 ; do ou e 
tlus th , stan of a Ion term irutiarive. Ho will thi anempted 

J. C · The attempt i that the p gram a 10 year p . que tion i ho do 
ou the content of the h that it continu · ppropriately. I think 

hould be over ig anous ·nds to ensure t program i properly 
So I wouldn • t en sari1 y a wor s e th1 rnvoked again to do 

that, but cenainl I would e e people in thi to · ng in an appropriate , e , 1 ht committee. 

G. RTH: Jim, I ha e a tion. n info · 
t i the m hani m fo · n inpu oo · 
there are me thing will com out o 

J C Tr · Let m 
m re a ut thi thi n n g 
need to ha e an a re.quirement o 

· , there wil update th1 . e 
pdated pe So as the mi 10n ch u 

e that a the 1· d me of them v., 
·u ted But the information 
·n are te m an thm that ha e 
ndatio d there are c pie here ·ho 

e ...,e·re till t 
e about here. 

t or- v.e're tal 
o o ent of he pro 
t t 

hop a held me 
repon available? I 
like the high data 

and I II t le 
t nol 'e 

i po our 
o th ent 

i · ft around on 
f), then the program 

erned, I knov. e at 
ma) m dify th her 

e in th mfonnat1on m 

ro e [ plan], 
t tional a t ? rn other 

t enerauon. I there n 
n of the tudent v. ho are 
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J. C 'ITS: I'm glad that ou brought that up and perhap I should have said if there are other 
things like education that cur to you, ob iou lhing that need to be done with that part of the 
charter I've gi en you, please raiEe them as you ju t did, Roger. That i one thing I think maybe 
we need to mu h more pecific about. 

P. DA VIS: You captioned the e things for the peri ginnin 1995, et that'· part of a 10-year 
program and tcchnologie to launched about 2 are clo e to closeout ~ r input right no . 
Would it fair to say that things we di cus now are more li rely to effe t m1 ion laun hed 

ginning a ut 2 or perhap 2010? 

J. CUTT : Y c , I think e 're talking about the 1 on. ou ~an ee that there' a whole 
suite of mi ion ginrung in thi ti.me frame o I think if ou h e a 10 year program, if you ju t 
con entrate on the mis ion that tart in_ 5, it' not ave health program. ou have to pread 
thing out a linle bit. Perhaps an ideal program i one where application contiPually pawn off 
o er ay a 5 to 15 year peri 

R. THOMPSO. : Follov.ing up on what Roger Angel said: We reall · annot do another proje t 
· e HST, and I'm not really referring to the specific problem of H T. ut the whole wa in 

which we do these pace projec . It' inefficient and it pends farm re mone than need to be 
pcnL The fonding profile are wrong. I thin if anything hould be d ne, it hould be to wor 

out ho you conduct a program to rea h a technological a hie,·cmcnt 1i e the next generauon 
tele ope. This i probabl, the only wa e 're goin to have influen e on hanging the ay 

and the government d bu ines , so I think it i criti al to 1 at the wa~ e condu I a 
project · e this as the tcchnologic . And I see u faJlin ri ht int the c trap unrnediatel , the 
am tructure , the ame \l,ays of pr eeding that e did a Ion time e. 1f there' any ay 

to consider ho to not fall into these trap , t.hen I thi \l.e ought t n 1 er at part of the ... 

J. C TIS: Why don't you, Ethan [Schreier]. react to that be au e :ou articipated in the 
information y terns wo hop "'here thi was idely di u seci. 

E. SCHREIER: I ha e to to .·ou some of his e ac, ame wor - I d · they made it 
into the final report. but a strong recommendation · : chan c the a d s bu in 
in information terns t au e I c!ear e couldn't ford to do an ind 
information sy terns for an:,, future proj e don't th e a lot of emi)ha 
on going b to uruty, allow· ~eel to d unity, and not to 
create mas · ere g to creat rogram to u 
Th t oul a w mu h of ally got through 

ause the, were comments. but lo di;:;cu · . 
there were those di t one f e other 

. 1E , :EL: e ho Id realize that. aft 
rather than le e ent o, er th 
probabili • of failure ·mg more 
failures and that' the h t re I p o 
going tom e It harde ,er o - cd • 

R 0. ·: I 
h du· n the 

ard Yo 
dtf d I t 

ere· an 
w on 
h ppen. 

mo,e o 
epted a 
n't fo 
f the Hu 



41 

4 



D-8 54 1 

4 
WORKSHOP PROCEEDINGS: 

TECHNOLOOIES FOR LARGE FILLED-APERTIJRE TELESCOPES IN SPACE 

OVER JEW OF A TROTECIJ 21 PACE 'FRASTR CT RE HA DBOOK 

JES FORD CE 

JEf PROPULSIO LABORATORY, CALIFORNIA STITUTE OF TECHNOLOOY 
Pasadena Calif omia 

larch , 1991 

(Copie of the handboo ere distributed at the or hop) 

(Pre ntation material follows) 
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ASTROTECH 21: 

OVERVEW OF ASTROTECH 21 
SPACE N=RASTRUCTI.H: HANCeOOK 

Jess Fordyce 
March 4, 1991 

ASTROTECH 21 

• The Space frastructl.l'e Hancl:>ook provides a ·snapshot" of 
the existi,g and proposed support technolog·es relevant o 
the Ne Cen :i.ry Astronomy Program mission set . These 
support ectnolog'es incJude: 

- Space Transportation Systems 
- Space S ation Freedom & Lunar Outpost 

- T elecOfMll.rications 
- Cryogenics 
- Power Systems 
- Ser icing obotics 

ar Ea Radation Environment 
- Radation E ec s on Electronic Devices 
- ar Ea Or aJ Environment 

- Lmar Enwonmen 

40 
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Table 1.1 Existing and Proposed Launch Vehicles 

P1yload En elope Coll 
Launch Yehlcl• Av1lleblllty Pulor111111c• I II Av1t bl• (•} E1th1111e Re1111rk1 

CYur) LE02 GTO GSOJ 5S04 l 0 IHI SM 

Scout Current 250 I SI 0 96 10-12 Opoon to, 5 S1a91 

Pegu~a 1990 ,so 300 1 93 6--8 

1991 1550 1100 3 93 15 

1990 5000 300 5 79 ,0-so 

1990 1aooS 4 57 2 40-50 Conlg..nd to, GTO 

1990 $800 22,5 9 ,o 3 65 65-70 Conllgind to, G 0 

eurr.n, 16 5 6-12 2 80 30-35 

Proposed 3250 12 2a.'l 

1991 6500 26 5 4900 ,, 3 65 70-80 Con lldlotGO 

1992 7000 2110 5300 9 ,o 3 65 80-90 Con6gcnd to, GTO 

1992 8500 3490 6500 9 ,o 3 65 100-110 Conligured to, GTO 

4300 7000 1235 3 65 130-160 

1992 5 2 l 5 150-225 

c..n.n, 1825 35 3 65 150-225 

Cwront .J) ,200 6200 12 35 3 65 100-110 ConllguredlotG 0 

1993 125 5SOO 10- 5 3 ,, 100 120 Con ..nd lot GTO 

1991 2 1 00 ' 175-230 

s 1992 22 5 3600 2 00 230-290 

1992 1-P '6J 230-300 

21 13 4 5-12 90-100 

70 24 40 Si-, 
Propo-S a so 56 "°" 
Propos.d IS.68,102 24 I'll For LEO 

Proposed 11 5 116 28 121,;23 a HEO 

~-~ C...,,.onc 25 A LEO, 

-~ ' s t, 5 1trs!9r 
u:11 6 

2 •I• 7 Cet-JaWr C-2 
3 i • 
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Table 1.2 Upper Stage and Motor Data 

DHcr1ptlon Avallablllty 

Solid Cutrent 

Development 

Solid.spll'I m,ge Oe\l'lllopmenl 

Booatar 
Co patlblllty 

and Uaa 

AIOA (SATCOM, 
GSTAA,etc.) 

Al<M (GSTAA) 

N<M(SKYNET) 

FlTSATCOM) 

PAM-0 ,STS 
MaQelat\Slc,Allu 

Alas, STS. Tian II 

STS, TltlWI ■ 

Mu,STS 

Coat 
EatJ•ata 

1111H 

1.S-20 

, S-2.0 

5-42.tl 

62'&.1 

7.3 

11'8.5 

214 ... 

35000 

0 

1830.0 

32_1 292.0 

3◄ .1 28◄• 

39.8 299.2 

73 0 299.8 , .&9 0 935 

116.t 292.1 2.03 1.2◄5 

230' 283.0 

5-4 .• 218 0 

250.0 290.0 

Proposed STS-C, ALS 
{1-t-V), nanv 

3 csa,, 4 .51'5. U .4 10 19 4 330 
8 

Table 1.2 Upper Stage and Motor Data, Cont. 

Coat 
Dtacr1ptlo ,.., lablll EaUmate 

II 1111 

90 Ti rv. tll 5 
ST~.HLV 
Pll,-.y,GTO 

srs.nan 10 0 
n.,rv.srs-c 
~ GSO 

9 2 STS, Tc.I ■ 60 0 

STS 

STS 

STS Ti ■ 9•10 

STS 
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Eq..ivalent Q, Versus Fil8I Altitude 
(Ref•enced to 200 Km Crcuar Orbl) 
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I I I 
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Figure 1. 2 
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Fig e 1 .3 

~ 

I 

I 

I 
I 

I 
,, 

I . . 
100 



D-8 54 1 

4 

lmpUsive Detta-V Versus Fnal Attitude 
(Referenced to 200 Km Ci-aw Orbi) 1.0 ____ ._.....::'--____,;...._~;_;__;.__,..-...:...-------

1.0 ~--+--+---.,__---1---+---+- _ ___.__-+--~---1 

Geost.lllclWY l t£O 

I .. o .l----1--_j_-l--i..----_:.,• _j!L-~=::::::t:=====:::t:==:::t::===-T 
8,. i....----GloSyrdl t / -~.,__-PrcpN6on._____.~ 
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Alpha Joints 
--- Thermal Radiators 

Pressurized 
Modules 

Photovoltaic Power Arrays 

Ele11ent 

Modules 

Truss Structur~s 

Power 6. Thermal 

Crew 

Attached Payload 
Acco odations 

Remote Manipulator 
{Canadian), 
Mobile Transporter 

Description 

o 3 laboratory {l U.S., l European, 1 Japanese), 
l habitation 

0 ransverse boom 1'5 eters in lengch 

o 5 ki o ate power eneration and heat 
rejection capabi cy 

0 permanent 

0 Accommodations for 2 attached payloads 
transverse boo nc uding power and h" 
data r te serv ce 

0 prov ding ace ss to al fac s of the 
transverse boom 

on 
h 

Fi ure 2-1: Space Station Freedom Ass mb y Compl te Configurac on 

9 
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Pr.dom-Bued 
Orbit.al Mai.,,n,en.a, Vehicle 
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a) Lunar Transfer Vehicle Veriticat.ion FliC"ht Coa.ficuratioa 

b) Expencable Lunar Trana(er VehJcle Operadona Conftcuz,adon 

Fi ure Space Scat on Fr edom Evo cionary C nf ur ton 
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c) Reu•■ble L~at· Tran,!er Vehicle Operations Conti"1J"atiOn 

d) LW1&J' and Man Operado0.1 Contiruration 

Figure 2-2: Space St t:on Fredo E o·uc·onary Confi rat ons 
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Table 3.1 TDRSS/AT S Baseline Service Comparison 

TORSS 
SERVICE (1990) 

FWD 300 kbps 

$-BAND 
RTN 

FWO 
Ku-BAND 

RTN 

FWO 
Ka-BAND 

R 

I DEPENDENT LI KS 

SIMULT A EOUS LI KS 

ON-ORBIT SPARE 

MA 
($-BAND) R 

TRACKI G 

E.ave~ 
,aurr.&.4)PC)rtF•·-»Us«s 
20 pere.am 
5 Be 

4 
4SSA 
4KuSA 

TORSS 
(1996) 

300kbps 

ps 

8 
8SSA 
SKuSA 

NO 

30 

ATDRSS 
(2003) 

8 
SSSA 
8 us 
SKaSA 

YES 

3o 

NOTES 

• 22 55 to 23 55 GHz 

one ··ndependent n • per 
er, steerable antenna 

E ATORSS STUDY lMPAO 
USER TRAC GAS AN E 

f50M. Jo) 

U ICATIO S SUPPORT SCE RIO 

Rea Orb! er 

330 

0 

0 
• 0 

-2~0 

dB) 2 3 
<>-,(dB) 772 

-0' 
· 39 

-0 

825 
• 5 
o, 
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DEEP SPACE NETWORK 

PU.HETARYSPACECRAl'T 

RADIO 
ASTRO OMY 

*SN1917J. 

TELEMETRY 

• POsmoH DATA 
FOR NAVIGATION 

IIAOIO SCf!HCE 
• PU.NET MASS AHO ORBIT 
• A PKEREAHO 

OCCtJLTA 

JP\. 

SATURH 
RINGS 

Cryogenic Cooling Summary 

HIGHEARTH 
OftlHTEAS 



Conventlonal Planar 
Photovoftalc Solar Alrrf9 

APS4 AfT'IP-Advlneed 
Photovoltaic: Solar Array• 

H gh Petformance 
Solar c.111 

Modula, RTG• 

AMTEC RTGt 

Dynamic l1010pe 
Power sy,t.m (Dip•) 

Buelin• SP-100 
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Table 5.1 Power Generation Summary 

Spedtlc:P-. Pr.akalllu P-.o..lty 
(WAqa) ~(W) (W/aa) 

45 - 120 

130 - 130 

190 - 190 

7~ ~ -
20 1000 -

S.5 1000-10,000 -
25 100 K -

PowwJUnll 
Modl!MIW) 

-
-
-

40-50 

-
-
-

Scbeclulefllell AelaeM 

L 

M-l 

11-H 

II 

H-11 

H-11 

NIA 

Coat 

M-L 

M-l 

11-H 

II 

H-11 

H-11 

NIA 

Ha h 
Ma Med 
L • Low 

~..-0111. 
A.,...._ 

ClaTw'll 

late'90t 

2005 

1995 

2000 

19116 

mid 

Table 5.2 Power Management and Distribution Summary 

State of th• Art (SO.A) 

Hybrid Func:tlonal 
Block.I 

Po- Integrated 
Circuit• 

25%.cSOA 50%<S0.A 

SO.A 80'JMSOA 

0.24-4 

o. 1 

5 

ScNctule Risk Retadve 
Unc.talnty Cost 

CUffWlt 

L L 19116 

H II 11N 

Ha 
Ma Med 
L • Low 
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Table 5.3 Power Storage Summary 

Spedllc 0p«alng ScNd\N E ........ 
~ ,: Cyde ell fWMlw A 
(WlkQJ (OC) (804/oOOO) Coat 0.. 

NI-Cd 20-30 ..eo 330 •10 to, >2000 L L Cun 

2 2S-3S 270 •10 IO S5 >2000 .. .. 
uns2 70..aO 1~ -1oaos.s ,.5()0 .. .. 11M 

....s 125 350 ..500 1"5 

~2 100.140 275 ~ >500 A NIA 2000 

125 250--350 A 2t'OO 

15-20 25-30 IO A ~ 

15-20 25-30 A ... 
ts-20 u.,o IO 

20-40 30-50 IO A A 

"· ........ 

Advanced Rechargeable Battery Performance Envelopes 

1 00 

I 0 
~ 

~ 

L .. 
3 I 0 0 
C. 

E 
_, 
II) 

>-
/") 

0 I 

250 

Specif c E e 
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ASTROTECH 21: 

Section 6: Robotic Servicilg of Advanced Science Missions 

Issues and Glidelines 

The servicilg section of the i"lfrastructll"e hancl>oa( provides 

an ii-depth ciscussion of pertilent issues: 

- Practicaity of robotic appication. 
- Cost effectiveness of robotics . 

- Transportation issues. 
- Spacecraft servici,g. assembly, maintenance. 

refueing, cleani)g. ilstnmen changeout . 

STROTECH 21: 

&,ctic,n 7: ar E h Raciation Environment 

E rapped Raciation 

- h1ef-Zone EJectrons 
- Outer Z Electrons 
- Energe Protons 

G c ic Co Rada 
- EJec rons 
- Pro ons 
-Cos 

ec s 

- Pro ons 
- Elec rons 

ions 
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ASTROTECH 21: 

Section 8: Ra ation E ects on Electronic De ices 

Basic Damage 

- Ionization 
- Displacemen 

lntegra ed Crc s 
- Vis·ble De ec ors 

hanisms 

a ay Detectors 
:rvnrvvw,nts 

preaches 

ASTROTECH 21: 

Section 9 ar E Orbital Envronmen 

A omic Oxygen 

V aCI.UTI a iole aciation 
Meteoroids 
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ASTROTECH 21: 

Section 10: Looar Envi"orvnent 

General Characteristics 
stabte P1atform 
Atmosphere 
Slrface Temperahxes 
Mag,etic Field 
Radation Environment 
Mcrometeorite FiJ.x 
Regoith 
Upper Few lJ'lcred Meters of the Moon 
Crater Morphologies 
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WORKSHOP PROCEEDI GS: 

TEOINOLOGIES FOR LARGE FILLED-APER11.JRE TELESCOPES IN SPACE 

ST AT OF THE H BBLE P CE TELE COPE (HST) 

PETER STOCK! ,tA 

SPACE TELESCOPE SCTE. CE INSTITIJTE 
Baltimore, 1arylan 

• farch 4, 1 1 

(Presentation material follow ) 
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S9\CE TELESCDPE SOFNCE fNsrmrrE 

HST STATUS: 

THE s,ACECIUFT IS PEif I G REASO All WELL WITH THREE EXCEPTIO 

AsTIIOTlta 21 
DfCEMl• 12, lgg(J 
P. STOCUIAI 

• Sr UICAL UERRATIO -- 2 
W YEF OT, THESE DATA ARE I 
THE ALLEN E,01T, 

ICI ER OI CUHR TO E°'E WA rs •• 1•n [t 

I SIC AGREEMENT WITH THE FOSSIL DATA lENlllED I• 

• FINE GutDA CE Soso s - T E E.FF(CTS OF THIS DEUEE OF Sl'ffUICAL AlutlATI 

C 11 ED II I TH LL MISAll ENTS C.lEA TES PROILEJIS 1• THE 1•TElHJIGl£TllC 
LLS, 

• THE SOLAR ARIUT DISTUUA CES ICH ARE A C IUTI OF TWO LOIS: 
DIFFUE TIAL EllPA ION IN T E 11ST WHICH EXCITES A 0,1 Hz OSCILUTI , A A 
STICl-SLIP JOINT W ICH EXCITES A 0,6 Hz OSCILUTI DISTUlllANCE, 

CE TELESCDPE SCJFNCE fNsrmrrE As TlOT£Cll 21 
DlCOIIEl 12, lftl 
P. S1 • 

Pu s FO YI 'HST PUFO CE 

SoFTWAIE FIi FO ltEDtlCI G THE S It ARUT OSCIL Tl DIFFICULT A 
TO E LL THE DISTIi IA CES, r TICU ARLT T OSE AT 0,6 Hz, 

ICI , ISSIO I S Elt 3 TO EP CE 

IP( II 

-- So • ans 

-- T rE EC DER 

-- GT OS 

-- CoSu UI T) 

62 
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sm=E TEI.F.SCDPE STITUTE 
AsTIIOT£CH 21 
0ECEM1Elt 12, lCJCJO 
P, STOCKMAN 

SCIE CE Flt HST 

[ Ell UERIIATED IMAc;ES SHOW A SH ., CUSr ICH CO TA IIIS 10-20% OF THE u,HT, 
ILE THE TELESCOPE CA NOT c;o AS DEEr (DUE TO THE Llc;HT LOSS), IT IS STILL ERY 

USEFU FOIi OIJECTS IR16HTER lHA 2 T ~AG ITU EA rHOL061CAL STUDIES, 

1987A/GRAVITATIO AL LENSES 

- GALACTIC STRUCTUREIAGN CORES 

- SoLAII SYSTEM STUDIES (SATUR) 

D, OF COURSE, UV SPECTROSco, AD I GI' 

◄ I STTTUTE 
AsTROTECH 21 
0ECEMIEII 12, 1990 
P. S1oc A 

LESSO SF 12 

J E SIATE-OF-THE-RT I SP CEC lF E 61 EEIII 

HST IS CH RACIEIIIZED I L 
lll, 

l £ DESI, OF THE PCS 
10 A E IEEN SOU D, 

WAS ITE c;OOD, 

T E L AREAS AND HAS PE FO ED 

Of TE DISTU IA CE LEVELS ArrEAIIS 

I • l E SCI( TIFIC IIISl ENTS A E W[LL, 

T AJOII PRO LES WEit[ DUE TO: 

EIIRO • TEC ICAL E ED WllN I C PLEH VEltlFIUTIO TEST 

FULL SCALE NE 
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.. INSTTIUTE 

LESSONS: 

As TllOTECH 21 
DEtEMIER 12, 1990 
P. STOCKNAN 

J, HST's CURRENT P~OILEJIS ARE OT DUE TO POOR OR INADEOUATE E 61 EERI G TECHNOLOGY 
( IE, A ASTROT((H 21 STUDY IS NOT EEDED TO UNDERSTAND O A OID THU. IN THE 
FUT E), THE TECH Ol06Y WAS IN HA D HE HST DEVELOPMENT IEGA , 

2. I DEPE DENT TESTI G AND VALi DAT ION 1,Sf IE ,. I TEGRAL PART OF THE OE no UIT. 
HI E IT APPEARS TO IE A HIGH COST ITEM, IT PROBABLY L EIIS COST O ERUL AND 

I CEASES THE UNDERSlA 01 G/OPERAIILITY OF THE SPACECRAFT, 

3, (ERUI LT, ACTIVE CO TROL OF THE TELESCOPE OP'TICS WITH A .\ OF ADJUST ENT 
UTE DING TO ACCURACIES GUARA TEED IY I DEl'l DE T TESTI G IS Hlli LY DESIRAILE, 
SucH UST ADEQUATELY CO SIDER UCH LARGER RA GES Of I ITIAL ADJUSlMENT 
TIIA f L OPEPATIO S, 

-• THE POI TING CO TROUFIGURE AOJUSTME T SYSTOI SHOULD HAVE A PU 
1TH Off- INAL P'ERFO A CE. OTHERWISE, OP'TICAL PROILE S CA 

C SE ERELY IMPACT THE POTE TIAL SCIE TIFIC GAi S, 

5, ALL P'OTE TIAL SOU CES OF SPACECR FT DISTURIA CES UST IE EASURED l SCALES 
C P' AILE TO FULL SCALE, P'ARTICULARLY THE L DISTURIA CES, 

6, IF HST IS A Y EASU [, THE I ITIAL ADJUST ET AD CALIIRATIO OF A LTISE E TED 
IR•O OR I TERFERO ETER O -ORIIT WILL IE VERY DIFFICULT, As C AS P'OSSIILE, 

SUCH INITIAL ADJUST E TS S OULD IE AUTO ATED AD TESTED O THE G 00 O Fl ST, 

TELESCOPE 
CH -• 1991 

P. STOC 

SCI[ CE LESSO s LEA ED 

J AD ACES I I AGI Ii IESO UTIO A E 
T 00G EWLY DISCOVERED O I' OLOGIES, 

PRO: E Y LARGE OP'TICS SUCH AS E LU RI 
INIEIIH ETERS, 

I AGE l(CO STRUCTIO lDECO YOLUTIO TECH 
OPTICAL PSFs ARE CXTIE ELY LI ITEO IY TE 
OP'TIUl SCE ES, 

EDIATE ACT O ASTIO Y 

AD E~ LO Ii IASELI E 

ES fO DIFFUSE IUT Fl EST CT AL 
DEST SIG AL TO OISE C IE ED I ST 

Co : TERFER ET(IIS AD SPAIISCL FILLED ARR.ATS WILL p OOOCE SI I R PSfs AD 
IL S IE LI ITED I SE SITIYllY, 

IIAllO ED TO JUSTIFY T E ISSI A AS TEC ICAL 

• SE Ill lll(S 2,5 AG ITUDES GREATER T OTHER FACILITIES. 
ES U 10 3·5 IEfJC TkA OTHE~ FACILITIES, 
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AF 3,SM 10.6 Microns 

65 
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OLTESTIO S: 

E. HREIER: I hould bring up the point e m n ione before, that an th r tegory of le son 
be_ md technology and ·cience I m· nagement le on le..i.rned, and I think it important to keep 
bringing up piece of the · ·tern - ub ) 1 m ould • e eloped more dire dy by the group 
u ·mg them - euher the in ·rrument · them eh or pie of the gr und ) ·tern tended to wor 
mu h bet er than the o erall y tern en_ i eeri11_. And I think in future proJect , that h to be 
hr ught into mind. You can't keep doin_, th1. . 

P. T K1 L.\. ·. On of the im ant 
the near-I the opu al, i · th nle 
di - • t ti mpeting with the rnd 
_ ele on ept , but \\-ith 10 m 

re of th image qu:ilit) on 
· e u an ompete \i.1th them 

le tic 

R . "GEL: On the Allen ommitte 
ent \\-r · h th mirror and I 

fundam more one 
t • e J thin l 

mplete 
Jo and 

anageme 
peopl l it and th 
their ,er got thr u0 

· · i cat that time. i 
unh r di u io 
f veni al path o 
irror there ""a 

mirro ee diff eren 
n 
nt 
n 
l 

. le 
ers outline o 

money and 

G. l H: 
th f ti 
end t 
le el. u 

ud 

!kr ·ta tele · pe., nd parri ularly in 
I) . pe ·1:11 purpo e. 1he ha've -.ef) 
n.1,e than the ·e larger, ne t eneration 
h riz n ( n the ground and the ability 

nd in t e n ar IR,) u h:1-.e to be very ·areful if 
i h ut -=-oing to eitha omparable apen r or 

or hn 

ni al re on 
, but I 

)'OU 
rior to 
po. 
m 

l 
· or 

.f 

re 
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P. STOCKMA : I a talking abour uncooled optic -

- would be tremendou becau e what' limiting u on HST i the thermal emi ion from the mirror 
and there's this fantastic minimum in the natural b ground around 3 microns that could be 
e ploited by a moderate cla in numen1. You can't reach that from ch ground and you can't do it 

ith HST becau e of its thermal emi • ion. there· a hole r n e of thing to do in the 
infrared, even with moderate cla , and greatly e ceed all the thin... that ·ou have up the . I 
gue - the other point i hat Ethan a - ju t sayrng on man gemenc· 11 you ha e to do i go 10 
on HST quarterly meeting where all of the top mana emem are ed I be there with 
people in the room. That tell you a lot about where thin , en vrong. It i management 
re ponsibility combined \\-ith authority that i really needed. and the n-ht peopl in the right pla e 

ith the guts to go in and the right que tion . Ir methin e net!d to loo L 

P. DA VIS: ... from a different line of rea oning, hen a rng that a a e tele cope would be able 
10 do substantially better than a ground-ba ed tele cope, you g "e he an ers for thing that an 
be done at all on the ground and didn't con ider thing that cann I one on the grou d like m . 
of the infrared and ultraviolet pan of the pe trum. 

G. ILLI GWORTI-1 (?): Ye , I wa n't trying 10 1mpl) that 1 ,, a- on!~ alking about competinon 
with the ground. I'm al o t ing about ompet11i n .,.. uh other 1ht e hate er facility it migh1 

. You have to ha c tho e ·nd of an increa e to ell I e m1 ion If you run too close to the 
edge in term of the capabilit of the m1 ion ompared to mpe rn a 1line , you run into a 
problem - ho full never SC\iere a the aberra11 n of H T . 

(UNIDENilFIED): That' quite true and a tuall n' grc tru le o ct out a f ctor of 2-1 _ to 
3 in some ranges for the crum and in other range of the pe rrum,. ou ha ·e an infinite factor. 

P. STOCKMA : Ye , but we are competing, even no ·. i h re JI uperb data e're getting m 
the ultraviolet. The fa, t that 're lo ing omething Ii ·e tor of 10 • in term of throughput m 
the spectrogram leads ome people to compare u to fl.JE I I e're far upenor to TUE. e,en 
if the same number of photons go through the aperture be J of th 1mpro ed instrument in the 
telescope. But clearly whereas we ere uppo ed to be t r o o ething Ii e 50 better th 
IUE, we're no n t as ompetttive a e hould have been n I at' nu . 

67 
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WORKSHOP PROCEEDINGS: 
1ECHNOLOGIES FOR LARGE FD 1,ED-APERTIJRE TELESCOPES IN SPACE 

THREE CURRE T CO CEPTS FOR A SUCCESSOR 
TO THE HST 

• PROPOSAL FOR AS CCESSOR TO THE HST 

• LU AR D IIlGH EARTH ORBIT TELESCOPES 

• CO CEPTS FOR A P RTIALLY FILLED-APERTURE 
SPACE TELESCOPE 





D-8 41 

4 
WORKSHOP PROCEEDINGS: 

TECHNOLOGIES FOR LARGE FD 1 ED-APERTURE TELESCOPES IN SPACE 

IDEALLY: 

PROPOSAL FOR A C E OR TO THE HST 
EXT GE ERATIO PAC TELE COPE ( G T)] 

PIERRE BELY 

SPACE TELESCOPE SCIE 'CE INSTITUTE 
Baltimore • 1aryland 

arch , 1991 

(Pre ntarion mat rial folio · ) 

NGSTGOALS 

- A quantum jump with respect to HST (sim"lar to what HST would have 
been in 19n compared to the ground telescopes of the time) 

- Examples: 
a 1 O meter space-based 

. a 16 meter on the moon 

REALIST/CALLY: 

Deliver by 2005 the most telescope at a cost comparable to HSrs 
- use technological advances to improve 

. resolution 
. collecting power 
. wa elength ooverage 
. observing efficiency 

- inaease the share of international participation 
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NGST POTENTIAL 

1000_ 

-e 100 -ta u ... 
c( 

O') 
C: -0 
~ 

0 
(.) 

10 

1 

0.1 

0.1 1 10 100 1000 
Wavelength (microns) 

RATIONALE 

- Select optimal orbit for astronomical observations 
(high observ. efficiency, lo thermal input, benign environment) 

- Integrated spa~cratt/ telesoope/sdentific instrument design 

- Rely mostly on current technology and minimize required development 

- 7-1 O years lifetime - without on-orbit maintainance 

- inimize moving parts and oomple systems 
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ORBIT 
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BAFFLING - SKY COVERAGE 
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MONOLITHIC VS SEGMENTED PRIMARIES 

Cl) 
C 
,9 30 

C 

: 20 
as :e 

10 

2 4 6 8 10 12 

Diameter in meters 

OPTIMAL FOCAL RATIO 
Nyquist aiterion: pixel size= A f/20 = >-. FD/20 

Wavelength Resolution Pixel size Optimal F/ 
mk:rons mas microns 

1 42 50 100 

0.6 25 10 34 

0.24 10 5 41 

0.12 5 5 83 

Use: l F/50 

F=2 px/>,. 
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SEGMENTED VS MONOLITHIC PRIMARIES 

J_ Pros 

Segmented 

Monolithic 

Allow very large apertures 

Smaller overall mass 

Polishing stralghtf o- ard 
o cophasing required 

Cons 

Requires cophasing sensing 
and metrology 

Higher IR background 
Lower reliability 
Requires laund'l load protection 

Higher overal rnass 
Limited to 8 m apertures 

- Within mass limitations, 
I monolith I is the prime choice 
for a 6 meter 

WAVEFRONT CORRECTION 

Wavefront Errors Origin "3andwidth Sensing orrectlon 

AdveSeoond 
10Hz Guide 

Tilt• Focus errors mirror+ 
01 lo 0.01Hz Star Poinling 

-- -1 
Com• 

Curvature 
sensing on 

AstlgmaUsm, tr foll 
onPrwnary 

Spherical 
01 lo0Ol Hz on 2nd star mnror 

High order Non 
aberrations 

d 
Focus 

corr n Be sl 
(0. - 0.01Hz)-- / (10 Hz) 

--------------0 
Q 
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Secondary Mir Tolerance 3 
Sec Mir curvature 

1.4 

1.2 
I 2.5 

I Ill 

,h..,._ , .... .., 
I - 2 .., 

Ill 08 
I E 

C I 
0 k,J 

.5 
.... 

0.6 
I -~ I Ill 

t: 
0.4 

/ .2 
/ l~t- u 

,, I ,t-cli•.f e 05 
02 ,, 

) 

0.0 
0 

1 5 2 25 3 

Pnmor /rol;o Primary t/rolio 

Field curvature 

u 1.5 
Ill 08 .... 

C 
0 
u E 6 
Ill 

~ 
.2 Ill 0.4 

.:? .E 05 u 
0 2 .... 

00 0 
5 2 2.5 

Primary 1/rolio Primary 1/rol,o 

PRIMARY F/ RATIO 

20 
PM-SM Separation 

15 
C 
.Q _, 
0 ... 
0 
a. 

10 ., 
"' 
~ 
Vl 
I 
~ 
Cl. 5 

0.0 
1.5 2 2.5 

Primary F / ratio 

77 
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OPJ1CAL PARAMETERS 
(Ritcbcy-Oucticn configuration) 

System charnctgistics: 
Primary mirror diameter 
Final Cassegrain focus F/ratio 

Wavelength 
Backfocal distanCC 
Total protected field 
Final focal length 

Focal plane: 
Focal plane scale 

" 
Airy disk diameter 

" 
Field curvature (radius) 
Astigmatism at 1 arc:min 

at 5 arcmin 
at lOarcmin 
at 15 arcmin 

Mirror parameters: 
Primary mirror f ratio 
Radius curvature of primary mirror 
Primary mirror coni constant 
Primary- econdary separation 
Radius c\ll'Varure of secondary mirror 
Secondary mirror clear diameter (zero field) 
S ndary mirror nic constant 

• '" • ' Ii It n.•i • .,~ 
Tilt 
Dccerucr 
Dcspa c · th rcfi ussing 
Despace /o rcfi ussing 

Baffles: 
Upper baffle chstancc from primary pc 
Upper baffle diameter 
Lower b e distance from primary pcx 

Lo er e diameter 

7 

6. m 
50.000 
0.125 microns 
1. ,n " .... 

t_J ... 
" I I 

m 

1455.0 microo/arcscc 
7 .0 mm/arcscc 

0.010 arcscc 
15.250 microns 
0.502 m 
0. arcsec 
0.106 arcscc 
0.424 arcscc 
0.953 arcscc 

2.000 

0.537 arcsec 
1.301 microns 
7. 794 micron 
0.399 micron 

10. m 
0.669 m 
6. 25 m 
0.2 m 
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MOMENT VS. FORCE ACTUATORS 

,_.. t. A On alb Cu ._ielNt 1191 •• M1 •••t MIIII ,..._ A-.11n -,,iN1■M1 

a. I lull 

...... ..... 
• u. ...... r1,a s ,.,..,._ ....... .. ...., ... ..... ,.., ....... ........ ...., ..... .............. .......... ,_...... ............. Y• Ho 

C.....,(1a19M11.,. ...... , 
• ~eln11t ... , 1 ... Y• ................. ..... '-- .... 
• ~-=••- ..... ......, 
• .,._. ... _,OM YwlJMt .... 
• Dll....,0..111t '-- .... -~-- Lael .... -~ ....... ..... 
• o...1....,..-... ~ C...-Cllr,........,.) 

--••• m(Ollp.ad.J 

HJUf Ac;r; ro~~ 

--------. ··--..,,. .. __.. .... 



FIGURE 

D-8 541 

O~RECTION 

Zernik~ Polynomiab (or Hro oh.curation 

Z1 = II Consl&nl 

Z2 = 2rcoal = 2z X-tilt 

23 = 2r sin 9 = 2y Y-tilt 

t{ 24 = ./3(2r 2 - I) F'ocus 

Zs= v'6r 2 c0121 0° A1ligmali1m 

z, = '16r2 ,in 21 45° Asligrna.tism 

Z1 = ./8(3r 3 - 2r) cos I ll:-<Ofh&. 

Za = ./8(3r 3 -2r)1inl y-com& 

Zv = ./8 r 3 cos 31 : x-clo~r 

Z10 = ./8 ,.3 sin 31 , y-clo r 

Z11 = v'5(6r 4 - 6r 2 + I) 3rd otder sphttical 

Z12 = ./io(4r 4 - Jr 2)coe 21 Sphtte utigmalism 

Z13 = ./io (4r 4 - Jr 2)sin21 Sphae utignw.ism 

Z14 = ./io ,.◄ cos 41 Ashtray 

Z15 = ./io ,.4 ,in 41 A1hlra:1 

--• --• 

COMA ff 

-· -· 
0 
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GUIDING 

GUIDE STAR (PITCH/ YA 

Integration time 1/10 sec. (HEO quieter than LEO) 

HST magnitude 14 ovcr25 ms. 

Integration Better 
Area: time: throughput: 

2 
(6 I 2.4) x (1 / 25) x (2) = 50 Le., 4.2 magnitudes 

=> can guide on mag 1 . 

At ·c pole: 27 starS with magnitude 1 or less per square degree 

ccd - 10 uarc araninutes 

i.e., Field - 2' in radius. 

1 
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CURVATURE SENSING 

I 
I 
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I 
/ 

,,,, 
.I' 

FOCAL PLANE 

,,,, ,,,, 
------

&:.noe ccc < 1 o u pcx > 

Saeom cco ~ u pixea) 

I G CCO (!Su 
I 

I 
I 

I --~~~, 
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FOCAL PLANE 

Gasco' plat °' guiding fiek:I) 

/ lmagiflWGuidiflWCurvature sensing 

--....d;;;;~~==:=:::::::=~;;::::r--Collimatc,r (f/50) 

Six eter Spo.ce elescope 
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PRELIMINARY MASS ESTIMATE (tons) 

HST 6MST 

Primc1."' i nirroi1 land fiaure control system 
Sec mfrror ~ semuly,oaffle and truss 
Focal plane ~:ructure and oontral baffle 
External shield and spaceaaft structure 
Scienoo Instruments and Guiding system 
Pointing control system (2) 
Data management and communication 

~~ 
Crew systems 

Total 

o es: 
( ) Ugh 'ng ratio: HST 75%, SmST:85% 
(2) In · 31000/76CXXJ kgm2 fat HST; ~110000 k"1\2 to, 8mST 

(3) o batteries for 6mST (400 g for HST) 

ADVANCED LAUNCH SYSTEM 

FAMILY OF VEHICLES 
(120 Klb 1.9 STAGE OPTl 

"' l 
I 

• . . , - - - -... ... ff.I 
,., 

2.11) ,., .. • 

.. , -.,, -

1.4 
0.3 
1.0 
3.6 
2.0 
0.5 
0.4 
1.3 
0.3 
0.2 

11.0 

. 
JIU -, . ., , . 

5.0 
0.6 
1.0 
4.0 
1.5 
1.0 
0.6 
1.0 (3) 
0.3 

15.0 

/HI v fg , ~ ': TO(l. t\E~ 

c "c i f' o +Hs o : J..o ~ ~.:) ", ( ? J 
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ICAL ISSUES 

1. Demonstrate feasibility of a 6-meter dass monolithic mirror 
of diffraction limited quality at 1 00 K 

2. Demonstrate feasibility of passive 100 K temperature operation 

3. Demonstrate compatibility of a 6-meter dass observatory 
in high orbit with ALS capability 

4. Validate primary mirror figure oontrol system (moment actuators) 

5. ·Validate proposed wavefront sensing system (curvature sensing) 

6. Validate beam steering concept (oontroVstructure interaction) 

QUESTIONS: 

G. ILL GWORTI-l: t as the number of actuators [needed for mirror figure control]? 

P. BELY: Ideally in theory_ ou ha e ten tenns to concct so that' the mun you need. 

J. BU S: Clearly yo h c number of important ad antage in going up to a higher orbit, but 
there i one important di , antagc and th h to do with receiving the full brunt of co mic ray . 
H will you deal with hen 1t m to your n itivc unagc with CCD ? 

P. BELY: e feel ma be there i a need to ch ea h1eld ... , otherwise you ha e to suffer the 
ho crs from the hieldin So u need a detector system th t can cti nminate between the 

pho n and co rru ray . 

ould ou do th t be au e ou ha c fl of these cosmic ray comin 

G. Il.l.. G OR on f the e que non , but it i n i uc th t' been around. It 
d need funbcrdl 

6 
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The High Earth Orbit Telescope 

B REQUlR !HTS 

1. l<PER'T't.''IU, 

2. SPECT L COVERAGE 

3. 01 fRAC'tIOH LI I AT ALL AV 

4. OP Tl AL TDIP TURE 

s. A CUL>Jt ESOU1TIO (UV) 

6. rI E CUIO CE flEl.D 

1. CY /a STEDI 

•• P I 't TIO 

9. PRI 't AHO SECC 

10. ER 

11. urcKT oa.ncr 

1). SS COAL 

14, 0 TA A UISITI 

15. ORBIT 

Y OPTlCS 

10 ct: 

RAT 

CTHS 

ILLI C R11I AHO BELY 

' 
0.12 TO 10 MICRO ETD 

1/40 1<V! 

ao TO 100 

5 

PASSlV-Z COOLI C 

6' BY FIELD ST 

o.s 
f/1.4 (50 TO JOd PIM 

5 

SEIi SILI 

/BOO't 

OR t ltJtOOUR, 

ED ARRAYS (2. S 

S 90 DEG (59 7) 
: 30 DEC (25 ?) 

aJ\IClfT t:./AR1'1t: 90 .. ~ (59 7) 

: HST PC 
!;JV/YlS SHCT: HST 2 D C STIS 
IR SP / : LIU Ml , 10 

25-)0 La 

ST? 10 Na S (2 BPS?) 

100,000 HlC:H 

,l) 
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6M HEO Telescope (HEOT) Concept 

• ----V....atl'PE.P 

OMHI 

rag,adng 
SINCllH 

CON?1CURATIOM D•IVERS 

• ST FIT ITHIN A 7.6 M (2S') INSIDI DIAKET!R PAYLOAD FAIJU C 
- ASS INLINI HLLV WITH T1URD STACI 

• DESIGN TO VIEW NITlUN A 60 D!CRll BELT THAT IS PERPD'DICULAR TO TH"Z S LI E 
- on SIDE IS ALNAYS SUNWllD 
- TRI OfllER SIDE VIEWS DIil' SP CE 
- TllZ SPACIC1lUT PD vnws DltU SPACE 
- SHOULD 81 ABLI TO OCCASIO Y VI A.HTI S 

I LDtGffl AS SHORT POSSIBL!: 
D PltIMCIPAL INERTIAS 

- "I nu EHVI ENTAL TO 
- BETfU CON'TROLI..ABILITY/KAJfEUVERABILITY 

• 8001 FIXED SOLAR AJtRAYS FOR 

• THE TEL COPE AND OPTICS SHOULD 
- USES SRADE D IHSULATI 

IATE HEA TO DEEP SPACE 

D A S SHADE 

AS POSSIBLE (10 TO 100 
SIDE 

• SHOULD !I CE SURFACE AREA WITH CC TO "I lNl?E SOLAR RADlATI 

• A CE SU!ISYST£KS IM A RING AT THE 8 E OF THE TELESCOPE 
- PA Cl IM BOXIS SIHILIA.R TO SIRTF 
- SPACEC FT SffUCTURE ST YI.A CH LOADS 

• USE HST SI AMD "OUNTI C SI 
- SI All INSIDE OF SPACE 
- TB% DETECTOR OF O I SI 

I C STRUCTURE AS STRA 
FT lllltO 
ST 81 NAlln'Al ED AT 10 

9 
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HEOT Thermal Analysis 
Results - Transient Analysis 

- .... - - V, ... " V .... -.. - ~ 
-,_ 

--- Inner Shell 

------Primary Mirror 
~ instrument Pack.age 

Su tern fodule 

' 
.. _ ..____ .. _ ~-----------~---- --- --

50 

0 

0 c; 

onclusions 

10 15 
tme(Da 

-

~ 

25 

HEOT Thermal Analysis 
Conclusions & Comments 

After 30 days 
mirror is at 
about, 

o c ·c ic 
ariation in 

mirror 
temperature 
observed 

Instrument & 
subs em 
electro ics 
should ha e 
smatle 
radiators than 
modeled 

Pnmar> mirror temperatur of 70 to ' seem aclue able by passi e means 

ndar • mirror emperature should bee ·en lo\ ·er 

Temp ralure variations of 3 to 5 Kar sible acr the primary mirror 

Radiator area or optical properti sh uld be adju ted to provide a warmer 
environment for electroni 

inal Comments 
Conduction bet een shells & sunshade, and instruments/subsystems mirror 

support structure should be minimized. 

Anti-solar v1ev.rng ma impact instrument 
temperatur - unle s radiators ar relocat 
provided 

In -rea ed h at. I ad on mirror due to actua o 
temperature 

Cr ;oge11i ooler t hnolo ad van 
spac -quali 1ed c ler for th 2 - 1 

will increas opti 
itional shades are 

to d vel pa 
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LUNAR AND HIGH EARTH ORBIT TELESCOPES 

LLT 
Large Lunar Telescope (1&.m) 

CTE 
Cluster Telescope Experiment (4•m) 

HEOT 
High Earth Orbit Telescope (6-m} 

12 1.1\90:BGD 

SEVERAL LLT D!S ICII D VERS 

1. TELESCOPE ARCHITE~ (WHAT DOES IT LOOlt Llll?) 
o OPTICAL DESIC /S EH't'm PRDIARY/NATDIALS SELEC'TI 

). 

4. 

,. 

o STRAWKAH INSTJlUMEM'TS/lfUNB!R/CHARAC'RR.ISTICS 
o ALICKMEKT, DIM S10 AL COlfTROL AHO ADAPTIVI: OPTICS 
o PRECURSOR OPTIO S FOR E>JlLY SCIEMCB 

MISSIO DESIGN DRIVERS (ARE fflEllB UY SPECIAL CO SIDERATIO S?) 
S CO CRAY SHI!LOI 

0 

0 
0 

SIT! 
0 
0 

0 

OERCRO D INSTR 
PROBLEMS I DIGCI 
S , LUNAR LI B 

SELECTION ERE SHOULD 
E>.A SID!, PM SIDE OR PO 

CLOS! ENOUCK TO US£ Oln'PO 
FM DIOUCK TO MI nuzg co 

CO AMINATION AND 
o OUST FROM 

CANO C JUlGOLITH 
SHIM! AVOID Cl 

PUT IT?) 
? MEAR OUTPOST FOR 

RESO C!S 
I1'ATI 

o KICR £TEOROID 
o T PERATtJRE CO IV! COVER OE.SIC 

TRA)CSPORTATION TO TH! IT fflERE'?) 
o LA C1i, SPACE AN IRm 
0 US! or P POS CHITl:CTUllE/COST P!:R L8 0 
0 OULARITY ro TO L.EO, PRUSS LY AT ssr 

0 

0 

0 

LY/CO STRUCTIO TK% PI 
SIT! PR!PARATIO D TIO ESTABLIS 

UIP , TOOLS ANO MATl:lUALS N!ED!D 
us or MAM TI s LY 

l 

UTILIZATlO 

!CT IT?) 

PUT TOGETIIER?) 
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16 m Lunar Telescope Facility 
scope Enclosure 

rror 

rror SUDPOr1 
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Laite Laner Telescope (LLT) 

IIISTll1JIIBIIT GUIDa.DID AND DQU1RD1121'1'9 
(Ref. mmporth and Bely) 

• Telescope: 

UV/Visible/IR Bandwidth: 0.1 to 10 µm 

Fleld of View: 20 arcsec (UV); 2 arcmln(Vts/IR) 

Resolution: 20 nrad (0.25µm) to 250 nrad (3µm dark 
zodiacal window) 

Temperturc: Telescope < 100 K; Instruments 4 K to 270 K 

Detectors: Mosaic for dlffr. llm. lmagLng and spectroscop 

• Inatrumenta: 

Operations: 

Special Instrument: 

DataRalc: 

Background Notsc: 

• General: 

Observations: 

T Lme on target: 

Maintenance: 

Day Ume operation: 

Multiplexed Operation of lmagers and 
Spcctrographs 
On ax1s wtde field tmager wtth cont. access 
to focal plane 
2.5 MBPS 

Shielding of detectors against cosmic rays 

Interrupted during lunar day 

Viewing time ranges from hours to days 

Access to Instruments 

Strayllght and temp rature control 
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Qualemery 
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Telescope Optical Configurations 

Primary 

Tertluy 

.. -~ 

lttced•I')' C::::0~1 
-~I 

hlme.ry 

Spherical Primary Four- 14.lnor Telescope Four- ReOectlon T'hree• lllnor Teleacope 

llaalcTei..c.,."'--'-

Prlma,y Dlametu 1ml 4 e 16 

Secondary DfL 1ml 0.8541.0I l.25fl.5) 3 4(4 01 

Ttrtlary Ota. 1ml I 110.681 1.84(1.IJ 3.412 I 

Sq,araUOn: (ml 

Prl s«. 4 a 

Sec:.- Ter 4 a 16 

l'lacklocal d I. S.33 8 - :,o lcotMAel 

Olff llm Reaol lpradl O.IS 0 I 0038 
•a.• 0 5 pm 

4 
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SIIGIDJITS, CWft'DS U1D UII I.LT PIUMAIIY ~ 

l or 11 •• DIAN CUJSTEas 

16 LLT 
PRI T lRROR 

LL T PRECURSOR OPTIONS 

1 

-------5 

20u 
(10.5 m) 

◄ 
{17 5 m) 

8 Cluster 
(10.5 m) 

18C1user 
{17 5 m) 
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16M LL T Primary Mirror Concept 
(Each Cluster Contains 61 Segments) 

Cluster or Segments 
18 used, 4M each 

~ht e· t Truss 
Prmary irror Support 
Structure 

•Edge Sensors tor Segments not illustrated 

Segment Actuators• (3/Seg) 

Cluster Structure 

Cluster Actuators 
(3:Cluster + Center Post) 

Cosmic Ray Effects on CCD Photodetectors 

I 

! 
•• I 
---◄-l 

I 
I 
I 
I 
I 
! 

• GIiiet C Cosm C RAly (GCR) 1trlk.e1 
mat I • rroundlng CCD photodetector 
- Seeonda,y particle cascade results 

ny p cles atrl • CCD producing noise 

• Pr m ry GCR strl es CCD creating no _,. 

• ls s nlflc:ant during the long 
lntegratJons needed for faint object 
Detection 

LooctJerm Qoec•t.!2!1. 

• Heavy energe e GCR nuclei Interact 
with d teetor 
- D spt ce nt of atoms In structure 
- Degradauon of detector perlonnance 
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Preliminary Recommendation 

In tho absenal of detailed calculationS it is a consensus that ... 

• Operation in unshielded Lunar enworvnent would produce an 
•~ background for faint object detection 

• Fi meters of regolith is sufficient to reduce flux to LEO norm 

• Should calculations inclcate reduced shielding requiremen • 
LL T design is slmpified 

Cosmic Ray Impact on CTE and HEOT 

kll 

• ui,e, 111a same emira llffW1 u LMge Lunar lfas ~ (tL T) 

• Can se,w .. • tbed"' tor 00effllC ray noiM ---
... no,. m1Dgat10n echniquel 

no( from 2-~ a.■ilbli■ a, u. sur1■cl 

stvelding tor ~----IIIUl'l 
- ~ r~• O 88m-thidt lad shield 
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Lunar Dust Contamination 

Pwat EnYkRorntot 
• TM moon Is covered dust In layers from 

8 few CJII lo 8 meter In depdl 

e Aocul exhausts and ec:tJviUH e~l 
dust partldN with tic trllfectoriH 

e Low lunar gravity glVN 
ennstverange 

• No atmosphere pruent to ,.lard dust motion 

Pvll Efftct■ on LLT 

• Obscuration of teleac:ope optJca 

• Demage to telescope mirrors (acratchlng) 

Dust Mitigation 

9 

• Locate LL T at least 1 OKm from 
human outpost 

• Cover Telescope during roe et 
Ifft-off and descent 

- Landings and faunches occur 
lntrequenUy 

• Thermal shield can also serve as 
a dust cover 

• Dust disturbed by engine exhaust 
wlll remain aloft for less than 
one hour 
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Large Lunar Telescope Thermal Analysis 
Summary of Mirror Temperatures 

Mirror TemperaturH, Zero Heat Dissipation 

,.--- ....... ----.----..----...------.---1-- Unp,oleclecl 

Unprolec:IH, no,t 

Do , I lloo, al nJt I 

••• 

--- --- ----+----t 

•+------+------+--.---..---..1----+------+----+----lf----+----+-----4--~ 111 221 211 l40 •oo 520 10 700 7 10 120 

Tl • (Hr ) 



CAS 1 

Worst Cue 

CASE2 

Best Case 

CASE3 

rth 

CASE ◄ 

D- 41 

4 

Larg Lunar Telescope Thermal Analysis 
Summary of Results 

UnprolKI~ 

Dome Shade Ourtng 0a 
Conical Ground S II 

0 

Comparison or Tlme Below 100 K '°' 
One Lunar Cycle 

50 ,. .. 
10CIK (Hr) 

Comparison of Maximum and .. _..um 
MrrorTemperaures 
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LL T Orlentale Crater Location 

The Earth appears as a 2° diameter 
o eel. Its center of motion is about 
1 er above the lunar horizon. Its movement 
is confined to an approximate 8° conical area. 
The Earth makes one circuit around the region 
none month. 

101 

Earth (2° Cone) 



ISSUE 

1. PRIMARY )U:RROR SIZE 

2. T PE PRIMARY MIRROR 

3. 'IP£ SEC s 

4. s SIZE 

5. PRIIVuU MIRROR FIGURE 

6. AR.EAL DENSITY 

7. TELESCOPE ARCHITECTURE 

a. COSMIC .RAD. PROTECTIO 

9. TIO Of' SI 

10. PE or I STR. DITS 

11. POINTING IS 

12. SECO DARY SUPPORT 

13. TEL£SCOPE LOCATIO 

ST RESOURC~ VS 
AI ED SUBSYST s 

15. 0 ERATIO S CENTER 

16. £TRY LIN 

17. 

u. £RKAL PROTECTION 

19. EOROID PROTECTIO 

20. DUST p t:CTIO 

21. 

22. BLY 

23. LY 

24. E'TO LA 

25. UX> TO S' 

4 TO 16 
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Kh DECISIONS 

OPTIONS 

ER DlAM. 

ONOLITHIC; HONEYCOMB; 
THIN Ft.D:181.£; SEGMENTED 

HONEYCO ; TH1-N CI.ASS; 
MOLDED 

◄N TO 10 DIAN HEXA' 

KYP LOIDAL; SPHERICAL 

10 TO 200 F.C/ 2 

OF RE.rLECTIO s 

KAN- £ SKIELDING VS 
ISURYI G I STR ENTS 

DER TEI. 

JCE:C , HST 
SI TO co 

AZ-EL YO 
H~D 

VS TO ONE SIDE 

OR SIRTF PE 
IR/VIS/UV 

UATORIAL; 

GEOKETRY or PftTERING STR. 

EAR SIDE; F SIDE; POLE 

DIST Ct OUTPOST: 
1, 10, 100, 1000 JO(? 

OIJTPOST 

OIJTPOST VS URTH 

DAY/NIC 'S IGHT O LY 

LIGKTS DO E; SH£!>; £TC 

; INSULATIO 

DIST CE OIITPOST; 
PROTE IVE COVE'.R 

LA.RC£ VS 

AIJI'O TIC 

SH-CV HLLV 

vs VEHICL 

102 

S£Lt:CTIO 

16K TO DETECT PLAHETS AIID 
ELD4 S TO SUPPORT LI FE 

ED FOR LICHTWEIGTH 
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Cluster Telescope Experiment 

• 4M Diam. Cluster 
W/0 Cen er Segments 

• 54, O 5 Segments 

• Adaptive Optics 

• 5pherical Figure 

• I ol 18 Used on LLT 

ProlecliveOOOf 

111111:~----l.,__ .... ~ / Ring and Truss 
/ Metering STA 

RigidTPS 
(Optional External S e I) 

Luna, Lander 

Cluster Telescope Experiment 
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PERCENTAGE Of S OBSERVED Bf LUNAR TELESCOPE 
I ONE HOT~ 
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PARTIALLY FILLED APERTURES 

RATIONALE 
WHY DISCUSS A STUDY OF PARTIAU Y FILLED APERTURES AT A CONFERENCE 
0 FILLED APERTURES? 

• CERTAIN PART Y FILLED APERTURES CAN SAMPLE THE ENTIRE 
(U,V)-PLANE: THEY OBTAIN THE SA E IMAGING INFOA TION AS 
A FILLED APERTURE 

• WITH FEW EXCEPTIO S, THE TECH OLOGY I VESTIGA TED BY THE JPL 
STUDY ON PAR UY FILLED APERTURES IS APPLICABLE TO FILLED: 

• DEPLOYME (?) 

• PHASING 

• THERMAL CONTROL 

• VIBRATIO A CO AOL 

• POINTI G 

..... .... PARTIALLY FILLED APERTURES 

THE NASA ASTROTECH 21 PROGRAM: 
TECHNOLOGY FOR OPTICAL 

INTERFEROMETERS IN SPACE 
• SI GLE-SPACECRAFT FREE FL YEAS -- S. SY OTT 

• MULTIPLE-SPACEC FT, LONG BASEU E INTERFERO ETERS - D. JO ES 

• LU AR-BASED. LO G BASELI E I TERFERO EAS - . S 0 

106 
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PARTIALL V FILLED APERTURES 

SINGLE-STRUCTURE SPACE OPTICAL 
INTERFEROMETER DESIGN TEAM 

S. SYNNOTT, Team Leader 

• STRUCTURAL ST ABILITY 

• SHORT TERM 

• PASSIVE IBRATIO AL A Al YSIS) - J. HEDGEPETH 
• KNOWLEDGE (METROLOGY) -- M. SHAO, E. TUBBS 
• ACTIVE (DAMPI G) -J. FANSO , W. LAYMAN, M. SA MARTIN 

• MIDTERM 

• THERMAL (BLA KETI G)- A. MIYAKE. Y. WON 
• MATERIALS (CTE)- P. DARDZINSKI, A. FREELAND 

•LONGTERM 

• MA TE RIALS (DESORPTIO ) -- P. McELAOY 

• OPTICS ANO INSTRUMENTATION 

• OPTICS -- E HOCHBERG, . PAGE, A UGHA 

•DETECTOAS--S.PRAVDO 

• SPECTROSCOPY - A. VAUGH 

• SCIENCE RETUR 

• IMAGI G SIMULATIO S- P DU O D JO ES D EIER 

• SCIE CE ASSESS E T -· D. EIEA 

107 
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IMAGING SCIENCE 

A "STRAW-MAN" MISSION: 
THE FILLED MILLS CROSS 

ATTRIBUTES: 
• 4 SEGME ED, PARABOLIC ARMS, 1m x 15 EACH 
• TOTAL co LECTING AREA. 60m2~a.7m MIRROR 

I· 3 . I 
S APS o- , -CO E GE S APSHOT DIRTY BEAM 

IO 



ARTIST'S CONCEPT OF FIZEAU FILLED-ARM 
TELESCOPE (FFT 



-8 1 

4 

.PL PARTIALLY FILLED APERTURES 

IMAGING SIMULATION SOFTWARE 

• EFFECTS TAKEN INTO ACCOUNT 

• STUDIED I AGE PLA E BEA RECO Bl ATIO ONTO CCDs O LY 
• ASSUMED LIGHT IS O OCHRO ATIC 
• I CLUDED EXPLICIT OISE. ERROR SOURCES 

• PHOTO STATISTICAL (S OT) OISE POISSO IAN} 

• THEA A BACKGROU D OISE ( o-3 CT s- PIXEL- 1; POISSO IA ) 
• CCD RE OOUT OISE ( CT READ- · GAUSSIA } 
• CCD QUA TU EFFICIE CY (50% 

• ODELLED / P /CIT ERRORS BY SI U Tl GI COMPLETE (u.v}-COVE GE 
• PHOTO STATISTICAL (SHOT) OISE I SIDELOBES 
• I TERPOLATIO ERRORS I THE { ,v,-P E 

• POST-PROCESSING TECHNIQUES USED 

• REJECTIO OF PO ER I SP TIAL FRE UE CIES OT SA PLED 
• SUBTRACT O OF OISE FLOOR 
• DECO OLUTIO 1TH PO SPREAD FU CTIO (DIRTY BEAM} USI G 

•CLEA • OR • A I U E ROPY· ECH I UES 

• EFFECTS NOT ODELLED FOR THE FILLED ILLS CROSS 
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PARTIALL V FILLED APERTURES 

IMAGING CAPABILITIES OF THE 30m FFT: 
COMPLEX SOURCE SIMULATION RESULTS 

• COMPLEX SOURCE PROPERTIES 

• DEVISED FOR ORBITING VLBI (QUASA T) STUDIES 
• CENTRAL COMPACT FEATURES (CORES, JETS; - 5% OF TOTAL FLUX) 
• EXTE OED EMISSION (LOBES, EMISSIO LI E REGIONS; -0.5% OF TOTAL FLUX) 
• POINT SOURCES (MASERS, BRIGHT STARS, GLOB CLUSTERS; 0.1 % OF 

TOTAL FLUX) 
• SIZE CHOSE o•.1 x 0".3, TYPICAL OF NARRO LINE REGION OF QUASARS 

• FIRST FIGURE 

• ORIGI AL SOURCE (3 mas RESOLUTIO ) 
• SUM OF 8 ROTATED DIRTY SNAPSHOTS 1TH FFT-- 103 ct s-1 m-2 
• CLEA ED IMAGE USI G 8 ROTATIONS 1TH FMC (8 mas RESOLUTION) 
• IMAGE OF 8 ETER MIRROR (SAME COLLECT! G AREA A D INTEGRATION) 

• SECOND FIGURE 

• ORIG! AL SOURCE (3 mas RESOLUTIO ) 
• CLEA ED S APSHOT I AGE WITH FFT -- o3 ct s- m-2 

• CLEA ED I AGE USI G 8 ROTATIO S 1TH FFT - 10 ct s-1 m-2 

• IMAGE 1TH HST -- 0 ct s· m-2 

• RESULTS 

• RMS OISE F R FRO SOURCE (THEA L BACKGROU D + READOUT) 
OF 4 o· 3 - 2 ct s- -2 beam- 1 ( o DETECTIO LIMIT OF 

27 mag bea - 1TH 00 BANDWIDTH) 

~O 1 N 2 

-0 1 N 2 

GE FOR POI T SOURCES 

N > 5 x 105 
2 N < 5 105 

WHERE N= TOT L ct s apshot- 1 A D = snapshots 

11 l 
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PARTIALLY FILLED APERTURES 

IMAGING CAPABILITIES OF THE 30m FFT: 
IMAGE PLANE SIMULATION RESULTS 

THE FOLLOWING PROPERTIES WERE EASURED FROM MA Y SIMULATIONS OF 
POI T AND COMPLEX SOURCES USI G THE FIZEAU FILLED-ARM TF:LESCOPE 

INTERFEROMETER: 

IMAGE PROPERTY SNAPSHOT IMAGE "FUU" SYNTHESIS IMAGE 
(7-8 ROTATED SNAPSHOTS} 

DY AMIC RANGE 
NEAR BRIGHT 
OBJECTS (mv - 15) 700: 1 

RMS NOISE FAR 
FROM SOURCE 
(ct s· 1 m·2 beam· 1} 0.004 

DETECTIO LIMIT OF 
FAINT OBJECTS - 4a 
( ag beam· 1 @5000A 
OVER 1 ooA BANDWIDTH} 27 

CO CLUSIONS: 

5000: 

0.0015 

27.5 

• GLASS MIRROR SEGME TS ARE BETTER UTILIZED I A FILLED-AR 
I TERFEROMETER THA I A CIRCULAR IRROR OF EQUAL AREA 

• FILLED ILLS CROSS PROVIDES GOOD CO PROMISE BETWEE 
HIGH RESOLUTION A D FAI T OBJECT DETECTIO 

• PUPIL PLANE BEAM RECO Bl TIO SHOULD GIVE BETTER SIG AL-TO- OISE, 

ORSE DY AMIC RA GE 

11 
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p,-_ PARTIALLY FILLED APERTURES 

SUMMARY CAPABILITIES OF THE 30m 
FIZEAU FILLED-ARM TELESCOPE 

• IMAGE PLANE BEAM RECOMBINATION RESULTS 

• DYNAMIC RANGES OF AT LEAST FEW THOUSAND 
• RMS NOISE: 10·3 ct s· 1 m·2 beam· 1 

• 40 DETECTION LIMIT ~27th MAGNITUDE (1 ooA BA DWIDTH) 

• SOLAR SYSTEM 

• E OUGH PHOTONS SO THAT BLURRI G IS OT A FACTOR 
• ALL OUTER PLA ETS, I CLUDI G PLUTO, ASTEROIDS A D O S IMAGEABLE 

• STELLAR ASTRONOMY 

• REASO ABLE IMAGES (5· 10 beams) OF RED SUPERGIANTS A D 0/8 WINDS 
• CRUDE IMAGES (< 5 beams} OF EAREST FEW GIANTS AND DWARFS 

• NOVAE: BEAUTIFUL, DETAILED I AGES OF EXPA DI G EMISSIO LINE EBULA 
> 10 DAYS AFTER EXPLOSIO 

• SUPERNOVAE 

• LIGHT ECHOES IMAGEABLE AFTER .5 YR (VER EAK: SI - ) 
• REM A TI AGEABLE AFTER 50 YR (S.B.' OT YET DETER I ED} 

• 108 M0 BLACK HOLES IN GALAXY CENTERS: JUST POSSIBLE (SI - 10) 

• ACTIVE GALACTIC NUCLEI AND QUASARS 

• ARRO LI E REGIO I · AGEABLE I GAEA T DETAILl 00 ea sl 
• I EA LR OUTER BROAD LI E REGIO POSSIBLE 1TH CRUDE IMAGE 

(< 5 bea s) 

114 
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PARTIALL V FILLED APERTURES 

SCIENCE POSSIBLE AND NOT POSSIBLE 
WITH PARTIALLY FILLED APERTURES 

• SCIENCE POSSIBLE 1TH A PARTIALLY FILLED APERTURE 

• HIGHER RESOLUTION IMAGI G THA A FILLED APERTURE OF THE 
SA E EIGHT A D U DEPLOYED SIZE 

• FULL IMAGI G DOW TO SURFACE BRIGHT ESS OF 27 MAG BEAM- 1 

• ALL FEATURES OF BRIGHT, COMPLE SOURCES 

• HIGH SURFACE BRIGHT ESS FEATURES OF FAI T SOURCES 

• IMAGI G SPECTROSCOPY (?) 

• SCIENCE OT DO E ELL BY PARTIALLY FILLED APERTURES: 
·uGHT-BUCKEr TASKS 

• VERY ACCURATE PHOTO ETRY 

• IMAGI G OF VERY FAI T SURFACE BRIGHT ESS FEATURES 
OF CO PLEX FAINT SOURCES 

• SPECTROSCOPY OF FAI T POI T SOURCES 

• DETECTIO OF VERY FAI T SOURCES (> 27 G) 

116 
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LARGE OPTICAL REFLECTING INTERFERDtETEA 

..IPL ?ARTIALL Y FILLED APERTURES 

STRUCTURAL DESIGN RESULTS 
FOR THE FFT 

• HIGHLY RELIABLE, FULLY DEPLOYAB:.E 25-30 APERTURE CAN FIT I 
SHUTTLE BAY 

• DEPLO ENT ERRORS RE FEW S OF µm OR BETTER, CORRECTABLE 
TO FEWµ 

• OW FREOUE CY CTUA ORS RE , EEDED O PANELS TO CORRECT 
OPTICAL PATH O < - O 

• MASS - 6000kg (1 '2 UBBLE) 
MIRROR SEG E S 

• MASS IF Fl LEO OULD BE 12. • »SOOOkg STRUCTURE 

=:, MASS > 20.000 g 

OR S,ZE C FrT I O O E SHUTTLE OR 

==> FILLED APERTURE US BE ASSE BLED I LOW EARTH ORBIT 

11 
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.PL PARTIALLY FILLED APERTURES 

DISTURBANCE ANALYSIS RESULTS 
FOR THE FFT 

• MAIN SOURCE OF VIBRATION IS THE REACTION WHEEL SYSTEM 

• WORST CASE SCENARIO: A 2000 sec PORTION OF A 400km ORBIT SHOWS 
<10 nm VIBRATIONS 75% OF THE TIME 

SCALE: 10· 7 

2.50~-------......--------.------

2.251 

2.00 

1.75 · 

,.so. 
1.25 · 

1.00· 

0.75 

0.50• 

0.25. 

8 Hz 

15 Hz a= 22 nm 
75°. OF TIME Ee 10 nm 

15 Hz 8 z 

0.00 --'"----------:-----------
0 500 1000 1500 2000 2500 

sec) 

• CA I CREASE VIBRATION-FREE Tl E BY 

• PASSIVE OAMPI G AT OPTICAL P ELS 

• ACTIVE DISTURBA CE SUPPRESSIO AT THE SOURCE 
ISH TO AVOID HIGH FREOUE CY ACTUATORS AT PANELS) 

11 
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-IPL PARTIALLY FILLED APERTURES 

THERMAL ANALYSIS RESULTS 
FOR THE FFT 

• ASSUMPTIONS: 

• GRAPHITE-EPOXY TRUSS; CTE = 10·7 K·1 

• INTERIOR TUBES AND EXTERIOR STRUCTURE WRAPPED WITH 
MUL Tl-LA YE A INSULATION BLANKETING 

• ANALYZED A SLEW FROM 15° TO 25° SUN ANGLE 

• RESULTS 

• THERMAL CHANGES < 0 05 KI 000 sec OBSERVATIO 

=> 75 nm DEFORMATIO 

• CAN BE COMPENSATED BY 

• LC N FREQUENCY ACTUATORS (0.02 Hz} 

• OR LOWER CTE MATERIALS 

119 
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TECH OLOGIES REQ ffiED FOR FFT 

• HIGHLY RELIABLE DEPLOYME T CO CEPTS/MECHANISMS/LAB DEMOS 

• UGH EIGHT {20 kg/sq m or less) IRROR SEGMENTS 

• UGH EIGHT COMPOSITE STRUCTURE 1TH CTE OF O vl PPM 

• DETAILED LASER METROLOGY DESIG D LABORATORY DEMONSTRATIONS OF FIGURE 
MEASUREME T AND CO TROL ACCURACY 

• L BORATORY EAUSRE E TS OF A O ETER LEVEL BEHAVIOR OF STRUCTURES A D 
ATERIALS 

• LABORATORY EASURE E TS OF DISTURBA CE SOURCES 

L.0 
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(UNIDENTIFIED): How wide is the central peak [of the point spread function] then? 

D. MEIER: It's the same width that you expect from a 30 meter mirror which is a few 
milliarcseconds ... 

J. LSO : as that also processed with CLEAN? 

D. MEIER: Ye . 

R. IBOMPSO : A couple of questions that are related 1be recovery of the resolution depends 
heavily on obtaining good signal to noise and you had an enormous figure in your viewgraph -
I'm not urc I understood, something like to3 photons per square meter per second? 

D. MEIER: That' right 

R. IBOMPSO : Ho did you calculate that? It seems like the scattered light would cenainly be 
much higher than that. The ond quc tion is can thi be l cd at for infrared use and is there a 
way to reduce the cmi ivc ba kground? I guc the first one was how did you get that noise 
number? 

D. [ER: ell, the 10 photons per uare meter per se ond i ju t hat you get from 
magnitude l quasar, and the noise number as obtained by running through the simulations and 
then I · g at the images that resulted and I · n at an RMS -

R. IBOMPSO ': Did you put the zodiacal background noise into that? 

D. MECER: 

D. JO rES: I thought the noise as per beam area, so it's essentially per square milliarc nd 
and it's do n y bout 106 o er the count ou'd get per square arcsccond. 

R. IBOMPSO. ': So it' for one cond and i1' in the optical. Which part of the pcctrum~ the 
optical or ... 

D. MEIER: These arc at nm. In f t the im Jation of the narrow line region as done in the 
, 7 ng ttom line of [0 III]. 

' IDE ITIFIED): It' the mall beam tze that he uses. 

R. THOMPSO · at about the infrared u e, i there any ... to consider that at all? 

D. E ·oc in at ou ugge tcd. · 't loo t c led optic . We l ed at 
imaging t oth ngth • but c did no t infrared imaging. 

D. TE RELLI. T o thing one i o on ho ed. Th t' what uicd to 
do on Hubble p e tcle ope, de clop tr operated at le than 10 Hertz. 

nd you don't cc those higher di turb m tter off t in de eloping a 
on tern opcrati an a Hcnz .. n in cry small effcc on the 

optt c o a Jitter cau mg c p1imary and secondary area. 
o I n 1f o your conttol ting t low frequencies, then ou 

d n c u turban c . 

J I 



D. MEIER: I think I agree with you. e ept I don't know what frequency these piece arc ..• 

D. TENERELLI: The other point I wanted to emphasize was the item on the ibration from 
reaction wheels. That telescope doesn't have the thcnnal effects and the thermal spcctrals ought to 
be very significant. probably more significant than the effects from the reaction wheels. 

D. MEIBR: Yes, but they're of a much lower frequency, that is if ou ha c actuators on the 
pacccraft. 

D. TENERELLI: They may be of much lo er frequency, but they ill affect your optical 
pcrfonnancc much more significantly because you will be distoning the optical urface , 
d nding on ho tho disrurban es arc tran mined to the rest of that uucrure, because hat can 
h ppcn in one 1 ation an be arried along the optical swfaccs. We found that out in one o these 
telescope rudi . 

D. MEIBR: First of all the optical surfa e i in small segmcms or panel and the uan mi ion 
ould undoubtedly be thro gh the uucrurc and not through the panel thernsel es. 

NIDENTIFIED): Ye that' ri ht 

D. MEIER: So the di ronion of the panel is sumed to minimal. 

( IDENTIFIED): ... in addition to the di tonion of the panel . 

D. MEIER: e , now th dist nion of the ttu turc itself, they 1 ed t in great d tail. I'm rry 
I an 't describe in more detail ho the did it. I o that there as finite clement tud done. 
They looked at many different n e in the rem and a urned it a wrappin in m olayer 
in ulation and 1 ed at the le angles from the side. 'o to the e tent that the did that 
correctly and they detennined hat the variation w in the p cccraft I am told t 1t 1 'ble to 
c rrcct that at the panel v.'ith lo frequency tuators. Unfonunatel I an't comment to tin 
more detail because I didn't do the study myself. 

NIDENI1FIED): \ that correcnon to the 10 nanometer le el? 

D. MEIER: Ye . 

R. A GEL: Let u e one eneral point hi h i that I share Pete' pc im.ism about n 
beam hich are not filled. Con icier a 25% ed pcnure. You pa t o price : One is 1 of 
aperture ... four to one. ou ha e 16 rim le lJ ht and onl I/16th of the light yo do get g 
into a diffra tion limJted path. o compared to the filled apcrrurc, you're do n b 56 in ignal 
and you're do n by 16 in ba ground so )OU ha ea lous i nal to bai ground. So before e 
get earned a a ith the e thin , I uu ou ·re nght into the present pace tele ope · t 
iruation. It.' a diffi ult thing plu th m bility to b e against tray light. It' a CI) bi picc. 

D. MEIER: I ant to to tha First of all, ou 're correct. There are a uple o thin : First 
o all the point pread un tion 1t elf, unli e Lie p e tele ope, ould be d temuncd · or to 
1 un h and one ould in t d tail ... 

R. GEL: ... n t no ing h t it . , JU th -.,in it 

D MEIER: the lurutanon i i · it .. I grec 
d carHer, 1 don 
I nt to 1mpl 

) 're opamizcd not fi r 

dcconvoluti t the si n noi 
unfilled ape the am nd o 
different · nd than fill pen 
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images of galaxies, but for looking at much h1g r re olution ttucturc than you could ever l at 
with a spacecraft of imilar ize and weight and o t. So again one has to trade off: do you 
angular resolution 10 time greater than hat you have ith a ignificant los of ignal to noi or 
do you want that extra ignal to noi but not nearly a high an angular re olution? And I reall 
think they arc not neces arily mutually e lu i e, in fact I thi they -

G. ILLINGWORTI-l: I think your comment parallel a le el of di cu ion over the last couple of 
years of the relationship of interferometers to filled-aperture tele cope . And I think that a 
consensus has really developed that there are whole areas that filled aperture will not touch, and 
interferometers are going to be needed. So it' a complementary area ... 

J. CUTfS: I believe I.hat thi cro configuration ort of r pre ent a compromi e ... 

IDENI'IFIED): They imply mutu 1 omprom1 e ·. I thin thi one may tum out to be the 

worst in some sense. 

J. CUTTS: I'm not defending it. 

G. Il..L GWORTI-i: I understand. I think it' good to analyze th different approaches and to 
look at what science program you can carry out .. You get into th mall cale tructurcs and 
we're loo ·ng at pretty big interferometer that real11 rou h on 1h ience - bigger than the 0 
meter baseline. We actually really should mo eon unfo natel . It' an intere ting and comple 

subject. 

L. 
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WORKS 0&.EoINGS: 
TECHNOLOGIES FOR LARGE FU J -ED-APERTIJRE TELESCOPES IN SPACE 

TELESCOPE TECH OLOGIES: 
OPTICS FOR LARGE TELESCOPES 

• KECK TELESCOPE CTIVE CO TROL AND IO POLI 

• STRESSED-LAP POLI HING 

• THIN MIRRORS D ACTIVE OPTICS FOR THE ESO 
TECHNOLOGY TELESCOPE 

• LOW MASS MIRRORS FOR LARGE SP CE OPTICS 

12 
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WORKSHOP PROCEEDING 

IES FOR LARGE FILLED-APERTURE TELESCOPES SPACE 

KECK T LE OPE TI E CO TROL . ·n IO.' POLISHING 

JERRY LSO 

arch , 1991 

(Pre ntation material follo 

ummar of ctive Control tem 
I Janu_vy 1991 
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Ion Polishing (Ion Beam Figuring) 
4 March 1 g.J I 

Basic Process 

• collide energetic atom with wom surf ace to evaporate surface 
material 

• single atoms with energy 102 to 104 eV heat surface roughly 10-
100 atoms deep and occasionally a surface atom evaporates 

• energetic atoms created by accelerating ion beam then neutralizing 

• efficiency is low in that only about one surface atom is removed 
for each incident ion at 1 kc V cocrgy. 

• surface heating can be substantial ( > I 00 °C} 

Typical parameters 

• Kaufman ion soo.rccs exist with throat diameters in 1-lOan range 

• typical ion material is Argon (inert gases) 

• moderate distance from gun throat the beam becomes Gaussian 
with a = throat radius 

• ion energies of 1400 e V typical 

• beam currents of 100 mA available (Sen gun) or 140 Watts 

• remo al rates of 5xl0 µm3 per minute achieved with above 
parameters. 

• surf ace heating depends on beam po er and d ell time of source 
surface heatin ( 0°C to C common) 

Advantages 

• high accuracy of removal: error should be <10% 

• no edge eff eclS on optic sJ.DCe ~ is atomic not macro copic 

• process independent of pc of mirror for same reason 

• process insensitive to mirror thi(,;,IUJ~ or tht ess vanations u 
opposed to mecharucal polishing relies on pt'CS5W"C 



Limitations 
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• the process does not polish the mirror so it must already be 
polished and adequately smooth oo scale of ion beam 

• relatively low removal rate: 4.6xlo8 µm3/min or 28nm/m2Jhr 
for 5cm beam limits one to fairly small corrections (S lµm) 

• spatial resolution limited by size of gun. Smaller guns may take 
longer to cover a surface or produce more heating. 

• thermal sensitivity of some materials, in particular glass-ceramics 
may limit removal rate (require t&T<l °C) 

Availability 

• Standard equipment needed 
- vacuum chamber 
- ion source (Kaufman) 
- tranSlational stage for ion source 
- software to predict source dwell times from surface errors. 

• Commercial firms in the bu.siness: 
- K has a 2.5m capacity machin o 
- Itek plans to build a 2m capacity machin 
- others? 

Experience with Keck Mirrors 

• we decided to ion polish the worst of our mirrors (S 09) at 
K (segment a 1.8m hexagon ) 

• 1st ion polish: 
216 hours of ion polishing 
total olume of 4xl 012 µm3 remo desired 

results: mirror warped from ovcrhearin 
two grooves in surface 
one ridge in surf cc 
ini · rms = 0.672µm 
final rms = 0.276µm 

• 2ndioopollih: 
38.5 bow'5 of ion polishing 
toealvo 

resultl: 

of 1x1012 µm3 rcmo al desired 
mirror warping from bearing negligible 
ridge gone 
groo greatly impro ed 
final rms = 0.090µ.m (close to surl cc 

uncertainties du to support) 

• e p to ion polish more mirrors 



Segment S 

4 
J 

before ion polishing 

After first ion polish 
rm.e•O.~ 

ter second ion polish 



OLESTIONS: 

IED): Jerry. ha 
sed to po ition the 

4 1 

4 

)OU mea ured the repeatabilit) of th e actuators? [refers to the 
menr of the Ke cele pe prim · mITTor] 

J ere ar e \~ ~h ·ug that they are repeatable to 4 nm. 
Th no· e i he dt tt,z. ion you pe t from nanometer move . So 
th th an that le el, of our • th can't tell ·ou ho 
th . · thar.. . 

IED: J m. 
um an ju t th 

IDE. ifrFIED : 

epended n the tm phen 

el) ·ell be there, but 
o measure the centroid. 

ra . e were doing 
n me ure the centroid. If 

n n time. Typically our 
u hether that w I ally 

re but e don't lcno 

aJ matter on th 
wind. e didn't 

: dication that the 
't nd, so I can't go 

a nothing at all so 
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WORKSHOP EEO GS: 

TECHNOLOOIES FOR LARGE FU I ED-APERTURE TELESCOPES SPACE 

TRE 0-LAP POLI HI G 

Rcx;ER 'GEL 

STEW RD OB ER TOR 
Tu n, . rizona 

. 1 h 4, 19 I 

(Pre nr:uion material folio,.., ·) 

Th figures show the improvemen in urf .t e ura ) on a . -meter mirror polished with the 
tre sed-lap technique at the m\e H} of nzona. 

1 
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J . .:--m f / I. 9-µm a bra ive grinding 

I • 

January 8, 19 1 ( tart of grinding : 

peak- alle urface error 19. • 

rms urface error 

January 31, 1991 (end of grindtn_ : 

p urface error 2. 

rms urface error 0. 



FIG r 
C'orTespood to 
upptt p r 
p e ~ 20 bi 
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· · t 3.5--m irror, 
·1 error prnnt ill lM 

tht irror. ne rtr r n t 
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QUESTIONS: 4 

D. 1 lACCHEITO: I'd like to no wh th r u mea ured the urface a curacy for the ... y tern 
mirrors. 

R. GEL: We ha e a re oluti n o 200 pi I a ·ro · · the urf a e in the dire I phase map . ow 
th imerferogram I sho ed w re not hat ~e reall u e to mea ure the urface. We do direct 
pha e me uring interfer metl) \ h1 h t.i e • ene· of interferogram ...• ·o that' done ith a 

. lution of 200 p1 el a ro the urfa jnd . h. en 't don measurement f mall r p ing 
th,tn that. 

P. A O : Roger An el \\a· md enou~h t 
1 in ed very impre ive. 

e me a tour of thi fa ility la t um mer an H 

l 6 
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WORKSH OCEED GS: 
TECHNOLOGIES FOR LARGE FILLED-APERTIJRE TELESCOPES IN SPACE 

THI MIRRORS A D ACTIVE OPTIC FOR THE ESO 
EW TECH OLOGY TELE COPE 

RAY WILSO , E ROPEA SO THE OBSER TORY 

arch 4, 1991 

To pre en rion material a ailable at the time of thi printing) 

QUESTIONS: 

P. DA IS: If the image analy i could be put up there, i tha b ed on ob ervation of a star or on 
an introdu ed ignal from a la ? 

R. WILSO : ro, it's fundamental to the y tern that It I an a tual tar mea ured in the field and 
nonnall thi i ju t he guide tar whi h i borro ed. t the moment e have a mirror flic · g 
bet een the two; n we hall ha e a beam plitter or a d1 hroi here ou can observe them th 
u ing ... 

IDE ITIFIED): at magnitude do you require then for the · nd of analy is you need? 

R. WILSO : ell, ome o m} colleague thin that c an go to magnitude 14; I think it' 
more r e 13-1/2 in fa L Tiu I thin i full. adequate ausc e ha" a omewhat larger search 
field in th pace tele ope 

B. iARTI : ... having to orre t for e onnation you e b} the ind? 

R. WILSO : Yeah, th 1· u non. It 1 not enain h th rthere will be ufficient 
hielding to pre,ent that and in e "'e're not ceruin, "'e're e pe tin that we will have to do ome 

correction . The f requen • b nd pa r doing that h not been full detennined and thi i a 
mu h more diffi ulr are than hat J'-.e been -ho in ·ith the TI cw Technology Tel pc] 
be au 'OU 've goto, erlap i h the .t d p of the rmo phere. 

B nal1 1 be performed? 

ng · ·ou mt 
co uh la 
po I tn th I 

rrcction. and n h the 
r o minu blem 

l 7 

· ntegraring out the 
d , but we use 30 
th IO conds. So 
: image analy 1 , 

ne ill be of the 
to be o effi 1cnt 



that our integration time i much honer than we h pcc~d. So this i one of the reasons why it 
is very good question and ould like to speed it up more, but it would need a faster computer 
y tern to get closer than thaL 

P. TOCKMA : I want to in our anal. ·i , you mu t t e logs night to night of what your 
adjustments arc ... , have ou nalyzed them and do you under tand them: are they primarily due 
to the changes in temperarurc in the dome, or hat? 

R. WILSO : That' ve true, Peter. We have a log \1.-hich i an abbreviated version of that 
optic output heet, in fa t, h1ch tell )OU th mo t ba 1 information and thi is going t be 
amplified with more temperature infonnation from n or . In fa t at the moment, it d n t 
require all that much analysi becau e b far the mo ·t important effe t alwa i focus. In ther 
words, we 're having to get automated be au e the focu " rie more rapidl and thi is one f the 
problems that has to be I ed thi year. On e we' e got to that tage, this anal is you refer to 
will become much more refined nd I think that probably for a time we hall find that it's limit db 
tracking. 
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WORKSH ociEDI GS: 
TECHNOLOGIE FOR LARGE FILLED-APER11JRE TELESCOPES IN SPACE 

QUESTIONS: 

LOW MA MIRROR FOR LARGE PACE OPTICS 

JERROLD ZIMMERMA , ITEK 

arch . 1991 

o presentation material a ailable at che time of thi pnnting) 

D. TENERELLI: Two miUimeter you aid [refer to th1r. ne of mirror fa e plate]. Ho· much 
thiMcr could you ha e gone and ho do. ou e alu:ne the heav_ tre n entration you used? 

e machrn d dov.n co about nme chat. and e·,e one a lot of testing and 
at the tre s at che joint a fun uon of the fe and pc on Lhe m chinin an 

found lhat lhat' ·nd of afc; for lhat panicul r pie e that a the afe nswer. We had a lo of 
experimental results, and lhen hen you acid melt to get ic do n to lhat lhic ne , there' no 
grinding stress left. You completely clean up an o the sub urface ra from the hard diamo 
grinding and, in fact, ou get a beautiful fillet do n bet een the rib and fa eplate. Mo t of lhese 
dimensions were che re ult of bre te ring on ample . 

B. DA VlS: Ho lighrwei ht 1 lightwe1 ht.. ? 

J. ZIMMERMA : . o t of our de 1gn are better than 90 percent, h1 h 1 almo c a meaningle 
number because it' percent comp:u-ed to a ohd an h c o ou tan ich? But ba icall , lhe 
other part of the an "'er 1 ye all of th e mmor ept for hat flat hich I howed you e 

n e mirrors. Th c flat a 94 per ent h ht eight and n completely pas ivc because of lhe 
a • it as used • to to he pnma.ry mirr r 1h:11 e I ed t re entl) m lhi light eight regime 

are designed and ought co be acri\.e mirro 

. KRIM: To h t e tent have an 
vt ration or tatic te ong? · 

e I, r~er mirror been 

MERM '· I ca I mi ed at 
re ha e been f u I t no 

y 1hat on the LA he th c 
erythm beh \. t ) ·1 to i 
There v. ere no t , 

• 

1• . : 
• 

SO, . n ht t - it 
m to put t 

h n people th h 
· it' e pen i e. But the o 

• • 
• 

• 

ed b lo frequenc. 

• • 

• 

h the moun 
w t 

nd ii 
ed • :••· 

.. 
•• 
• • • • 

• 

• 

• 

... 
• 
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implication of that i that a pound of a_·t iron ingot a~d a pound of high technology electronics 
c t about the ame when you p:1 e qualify it, be ·au e the co t i not in the hardware, it's the 
papcrwor and in pcction • the p edure·. the mar hmg ann that goes along with it. So in fact 
if you take a mirror and ou could ut the we1gh1 b_ a factor of 5 you could cut the cost by a factor 
of a well when you go into -p e ith 11. And it seems hard to believe but in fact it i uue. 

R. THOMPSO. '· It can't be true l'm orry I mean 1f you take the mirror and you have to do 
more work on it tom e it light I ht. it can't o·t le -

P. S A O : le eem bizarre, but it 1 true. 



u 
WORKS PROCEEDINGS: 

TECHNOLOGIES FOR LARGE FIU.JID-APERnJRE TELESCOPES IN SPACE 

TELESCOPE TECHNOLOGIES: 
STRUCTURES AND CO TROL SYSTEMS 

• JPL CONTROL STRUCTURES INTERACTIO 
TECHNOLOGIES 

• ACTIVE MIRRORS 

• HST POINTING CONTROL SYSTEM 

1 1 
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WORKSHO OCEEDI GS: 
TEOINOLOOIES FOR LARGE FTLLED-APERTIJRE TELESCOPES IN SPACE 

JPL CONTROL STR T RES I TERACTIO TE H OLOGY 

ROBERT A. LASKI 

JET PROPULSIO LA BORA TORY, CALlFOR I TITUTE OF TECHNOLOGY 
Pa adena, California 

arch 4, 1991 

(Pre entation material folio ) 



Control Structures Interaction (CSI} Technoloey for Precision Optical Strm;tur 

The Vibrational Slnbilily ChallenJ!t' or tar~, Optical Space Missions: lf1gh perfonnancc space op11cal systems typically have total 

l11!ht path-kngth stab1hty goals on the order of )./50 ( • 12 ntn visible, 2 nm ultraviolet). 0ecause the wtal path length stabil11y budget 

lllll~t be allocated among t;('veral contnbuwrs, a reasonable stab1ltty goal for any one of the system's 1,p1ic:il clements 1s in the 

ncil!.hhorhood of A/200 ( • 1 nm visible,., 0.5 nm ultraviolet). 

Stn1ctural vibrations, even on very quiet spacecraft, arc typically larger than the desired 'na11ometers' goal. (Consider that only four 

millionth<; of a "g" v1br:11ion level at IO 111 is t HXI nanometers of mo11on) Analysis of large optical stnictures mdicatcs that hctwcen a 

few-hundred and a few thousand nanomc1N<; of dynamic mot 1011 nrc caused by noise from even the ewemely qu1e1 1 lubble Space 

Trlesc()pc rearnon control wheel,; (RCW's) oprrated at less tlian 50% of their design spm rate (higher rate gives greater d1s1urhance). 

Be)'ond RCW's, otner disturbance sourLeS, such as tape recorders, pointing drive mechanisms, contrCll moment gyros, etc, have not yet 

n cvaluatrll but they are likely to induce vibration levels at least a~ c;cvere as the 11ST RCW's. 

ihrntionnl Slability With ConH•:ntional Structures and Mechanl,;ms Technology: Using conven1101rnl ,pacecrnft tcthnology 11 ,,. 

tnnceivablc that a lar1.tc op11cnl space m1c.s1on could he accomplishrd, bu only ,f extremely resme11ve operational hnutc; and de.,1gn 1tm,1s 

<hm tumc; I restricted -;olM hent lonJ locotionJ, 2) sue nee dnia 1~athen11g Md d:i1a return w earth !no 

(?), no ,uttcnnn po11111ng mrchnnism oprrnuon ('!)), 1) maneuvering rate,; (slow slew dynamic,. low RCW \flCCt.11. 4) 

ma~hinery beanng nnd gear smoothness. 5) machinery balance, 6) etc. The stability requirements of even such a constrained design, 

"'ould press conventional structure, ~chamsm, and control capabilities 10 the limit. There would be li11le technology margin to cover 

typical night proJcct pcrfonnance problems, and there may be inadequate NASA confidence in mission success to obtain funding for such 

a project, 

ibrational Stability With Control Structures Interaction (CSI) Quitting Ttthnology: 

SI technology is currently being developed to quiet large space optics, reduce stringent design/operation constraints, and raise NASA 

planners' conlidence in mission success. lnis technology achieves quieting 10 the nanometer-level by insening progressive layers of 

passive and active structure/optical conuol into otherwise conven1ional spacecraft hardware. Each CSI layer (disturbance isolation, 

tructural quirting, optical mo11on compensation) reduces cri1ical motions by one to two orders of magnitude, ultimately enabling end-to• 

nd qu1e11ng fac1ors of 1,000 to I 0, 

.t:- .l:-­
...... 
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NASA CSI Ttchnology Dc,·tlopment Responsibilities: CSI technology is being coopera1ively developed at three NASA centers, LaRC, 

JPL, and MSfC. JPL's CSI application is directed specifically at 4uicting the micro-precision srructures of large space optical systems. 

Slalus or JPL CSI TechnoloR,Y Dcvclopmenl: JPL's new precision structural actuator design has been built, and a Honeywell heavy­

viscous damper (D-Strut) has been adapted for precision structure control. Both have been tested, with excellent and repeatable behavior 

t the tens of nanometer level A micro precision component tes1er has been built which will in the summer of '90 characteriu 1he 

forct'/dic;placement behavior of full c;iud n,ght joinis. smns. acru:.rors, nnd materials at the mili-pound and nanometer level. In order 10 

charncten,e miuo disturbance outputs of typical spacecraft machinery (tnpe recorders, renction control wheels, actuators, etc.) a new JPL 

m1uo d1c;turbance measurement facility has also been made available 10 the CSI effon. And, in order 10 suppon testing of new layered 

SI control desi2ns, the CSI team has built and installed a high speed digital real-time control compu1er in the JPL Test Bed facility. 

In parallel with component hardware, new integrated structure/control design methods have been in development, and preliminary results 

from these me1hods have been used to design control systems for the JPL Precision Truss Test Ded. or the several "layers" of quieting 

mg developed, milial testing has focused on a single layer of"aJl-active" structural quieting. Tests with this layer have demonstrated 

eJ1cellen1 quieting (factor-of thirty), and even greater single layer performance is expected in the coming months, using mixed 

"passive/ac1ive" struclural quieting. (Addition of newly available heavy passive damping dircc1ly increases quieling. More imponan1, it 

increases the SI ability margin which synergis1icly pennits aggressive active control to give even greater quieting.) 

The first tests of the multi layutd CSI micro-precision quieting approach will begin in the fall of '90 with the advent of JPL's new 

"Phase 8" testing. After Phase B teSting demonstrates extn:me quieting with multi-layered CSI control, three major demonstrations will 

remain, they are: 

1) Demonstrating feasibility of spacecraft auitude-control in conjunction with CSI micro-precision quieting. 

2) Demonstrating "end-to-end fringe tracking" with a CSJ-quieted structure/optical system that is attitude­

controlled ( free floa1ing), and tracking a simulated stelJar target. 

) Demonstrating the above on a test article near to flight article siu (to allay scale factor concerns). 

NASA's CSI plan includes an advanced JPL "Phase 1 Test Bed" for conduct of the 1hrce major demonstrations, but this test bed has been 

delayed, and could be dropped, due to NASA CSI budget rcdue1ion. Reinstatement of the JPL Phase 1 Test Bed is critical to acceptance 

of the micro-prtcision CSI technology needed on NASA Large Optical Space and Lunar Missions. 

t:J 

~ V, 
~ 

~ 



JP I rfechnology: Summary Description 

The JPL Control Structure Interaction (CSI) task is a focused technology effort, in intellectual partnership with the Langley Research Center, 

and the Marshall Space Flight Center. NASA's CSI Program is managed from the Office of Aeronautics and Exploration Technology 

(OAEl) by the Materials and Structure~ division. OAET is specifically focusing CSI technology to enable or enhance classes of missions 

which arc supponed by 1he Office of Space Science nnd Applications COSSA). OAFT and OSSA arc actively coonJina1ing 10 assure direct 
pplicnbility of the C'SI effort to future missions. 

The NASA CSI program is developing technology 10 support high pcrfomrnnce controVstructure systems designs. 13ecausc the controllers for 

""'SJ system\" hnve frequency re,ponscs beyond many of their "controlled plant'' structurnl resonances. the systems cnn exhibit (exciting) 
interactions between the structure and control subsystems. 

Fli2h1 
hing the Control and the Structure design communities that successful CSI system design requires cooperative trade 

ntrol subsystem and structure/configuration, tnroughout the design phase. These interdisciplinary trade offs are extremely 
difficult to conduct with the existing design methodologies, and design/analysis tools. 

JPl. i'S coordinating with LaRC, and MSl·C in building core CSI technology common to all CSI efforts. Upon 1l11s core, JPL 1s building the 

special capability 10 create M1cro-Prec1s1on Controlled Stmcturcs (µ PCS) by developing new integrated design methodologies, new active 

tructurt actuators. controller1, and usage strategies, and new ground validation test techniques. ·n1c readiness of M1cro-Precis1on Controlled 

Stnicture for niRht J')WJC'Cts will be dernon\lratcd via analytical sirnula11ons, ground tcsts and cormbora11n2 ni2ht tests. 

JPI.'~ CSI technology specialty of Micm-Precision Controlled Structure will make it practical tony missions w11h Large Optical Systems. and 

Lar2e Precision Microwave Antenna Systems Ntw classes of missinru, enabled by JPL µ-PCS technology, will include large (20 to 100m) 

pocal intcrfrrometen. Grtatly rnhanctd classes of missions, enabled by blending JPL and LaRC CSI specialties, will include free flying 
r Geoplatfonn•nmunted verv )(lfll.e telescopes, and precision microwave or radar antennas. 

.r::-
~ ~ 



An 1ni11al JPL effort has developed a CSI µ-PCS design for a spacebom optical interferometer, the Focus Mission Interferometer (FMI). 

Stepping through a CSI µ-PCS system design to meet rhe FM l's challenging sub micron accuracy requirements, has built a strong technology 

ream and rocu,ed 1he1r efforts on the portions or µ-PCS technology most needing improvement. The team is intensively developing new 

c11ve structure ac1ua1ors and controllers, and is testing these in a multi-layered CSI quieting architecture on a test structure. 

he major objectives of the JPL CSI effort arc 10: 1) develop the Micro-Precision Controlled Structure technology which enables advanced 

arte Optical and Large Precision Antenna missions, and 2) validate µ-PCS technology by corroborating analysis with ground and night 
lests. 

JPL's CSI effort includes: 

• Development of a "Focus Mission" st.ructurc/contr0Vop1ics design for the application of µ-PCS CSI technology. 

SI performance requirements, based on satisfying the "Focus Mission" and generic other needs. 

• Dcvclopmc:n1 of methodologies and tools for combined synthesis. analysis, and simulation of con1r0Vsl1\Jc1urc systems. 

• Development of a precision lest bed I 

volv1ng µ PCS CSI methods and hardware (including "active structure" actuators, controllers & usage strategics). 

• lJevelop and vabda1e new test techniques. 

• Validate performance prcd1c1ions made by CSI analysis, and simulation tools. 

• Development of proposed flight expenmcn1s, to validate µ-PCS CSI methods and hardware. 

• Support of the CSI Guest Investigator program, with emphasis on µ-PCS CSI experiments to be done on the JPL test bed, and/or at 

the Guest Jnvcsugator's facahty. 

C, 
I 

(X) 
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WORKSHOP PROCEEDINGS: 

TECHNOLOGIES FOR LARGE FILLED-APERTURE TELESCOPES IN SPACE 

CTIVE MIRRORS 

MICHAEL KRlM 

HUGHES DA B RY 
Danbury, Connecticut 

farch 4, 1991 

Pre ntation material follows) 
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ACTIVE MIRRORS 

ONTROL / TR T RE / CREDIBILITY 

t. RIM 
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0.04 ... CAN IE f ATAL TO A 1Elt1ENTED PAlttARY '11AAOR 
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M • J[l6/l 

'M-£RE 6 IS Tl-€ TIP OISPl.ACO'VfT 
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• T ST NG TO THIS VAT 
f • h/2Jl 
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s • EN2Jl 

15 

US Of ELASTICITY 

, h • IO nc::htt, l • 200 lnchfs, E • IS £•06 PSI, 

• Tl-€ STRESS T S£CTI A-1,; LL 8£. ON.YO 036 psi I' 

PE~KIN-ELMER 
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QUESTIONS: 4 

J. R. VYCE: I would ju t liki to make th comment that over the decade we've seen all kinds of 
problem being pushed ahead in the ense that many of the problems ere circumvented by 
emerging technology. One of th pattern that I see coming on toda i that, by the time anyone 
fl a next generation pace tele ope, it's almost cenain to allow the use of a continuous primary 
mirror. You hould not take the po ition not to fly it There was rd rence to a 10 meter hroud, 
and really heavy lift vehicl . I ju t onder whether deployment wb re you have segmentation is 

reall going to be a very important factor. 

:1. KRIM: 
tern . I 

predi ate a 
found in 

I prefac d the remark with th fact that I going t talk only about segmented 
a n't quite sure hat the re ults of thi wor hop w uld be in tcnns of whether you 
y tern on the e · ten e of a propo ed 10 meter hroud r the large t shroud that I 
in entory the .6 meter broud used on the Ariane. 

J. R. CE: I'm not challen ing h t you did at all-

\11. KRIM: o I understand. I onl ed about segmented sy tern . 
h d e cry time I' e had the opporrunity to work on an optical sy tern 
to on paper, i that nothing em o tand still. It' very hard gettin 

s the experience I've 
y bands, as opposed 

fringe ... 

I: 're ut the huttle having tc tbed · · n , and of course getting 
t h t ro unwarranted from a tandpoint. That's for a 
p ar , ould build a trucrure. It doesn't 
n e to l h p nvisionin for thi , but you could 
\ e th n o methin r e th t h ul be pursued, a far a 

p ng on t 

. t. KRU 1: The flew a mt· ton 
th t went out for O or O m te -

go here they built this lar 

{ ' 'IDE 'TIFIED): 1
0. tt to er, it rectangular to er -

m, a tubular framewo 

( 1 •roE TIFIED): - 20 or 0 or 40 meter long that th put all together "th their little hands 
n then the it all p again and put it ba in the b . 

l ' 'IDE. TIFIED): I'm ut ti el ntrollin th tru cure. 

C. 'IDE. 'TIFlED) ~ 'ell t e, h "en't built that but the do fl mi o to do cxperimcn e 

tlu demon tr ti n. 

15 
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WORKSHOP PROCEEDINGS: 
TECHNOLOGIES FOR LARGE ALLED-APERTIJRE TELESCOPES IN SPACE 

4 

H T POI TI G CO TROL Y TEM 

GARY BEALS 

LOCKHEED 
Palo Alto, Califi mia 

March 4, 199 l 

(Pre entation material folJo · ) 
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Disturbance Rejection for Various PCS Configurations 

!: ~· .. :. ·:.: :~; .. ; :: =: ~~;::::·:-
- .... ···-·-·· ~ t ~ ? -:-~ :- : •• . . . . -·-· ........ . . . . .... ... ····-·-· - ...... . . .. . . ... . . . . ····· . - ..... . 

Orlglnal system 

10-J ICH 

~ ·::::=~:::::::::::;:::::·::·-~;:.:.:~::;~~; .. ,:. 
; Open-loOp response ~~·:· : : : ; ~);j\ · · . .. . ... . . - ..... . . ................... __ ..... -... . ....... . . . ..... . ....... . . . . . .... . ... ····· ..~!~i:Hn:;~nt;~~rn~=~:~=!·tt r~=n::!~•!!; · •. 
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; \/~;:..... lo allilude eITTlf 
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Typical Nichols Plot Showing Stability Margin Definitions 

lO F 
GAIN MAaGIN 

MOO£ ----1 
SUP,-ESSION 

GAIN, n 
I 

INCREASING 
F a 

~ Nichols Plot of the HST V3 Axis 

-~L----
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Significant Bending Modes about the V3 Axis 

DeeertpUon Frequency o4al Oaln 
(lb) .. 

Solar array 0.110 0.025 

Solar array 0.600 0.079 

Solar array 1.079 o.o-m 
Solar array 2.608 0.013 

10.834 0.104 

l'.2.133 -0.320 

13.201 -0.110 

4.068 --0.217 

14.285 -1.516 

15.264 0.170 

Bending Mode Stablllty Bound for the V3 Axis 

1 9 
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____ ee_n_d_1ng_Mod __ e_E_n_v_e_1o_pe_f_o_r_th_e_s_o_1_a_r_A_rr_a_y __ _ 

MPtotl> SA 1.\11 

l.O 

o., 

... .. 0.2 

a 0.1) 
~ 

~ 
0.1 .. .. e o.o, ... 

.r 
0.01 1.0} 

0.02 
I 

' I .. , 4,0 

0.01 

0,0i 0.02 '·" O.l .. , 1,t' J.O , .. 10.0 

raquDC1 (IZ) 

PARAMETER NGST 

IO mas IO mas 

Stability ?mas 1 mas 

eight 11 ton me 

Orbit LEO HEO 

On-orbit y 0 
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QUESTIONS: 4 

R. 11-lOMPSO : Could you put your first handwritten graph up because as we look at that 
particular set of assumptions, you wonder if we're heading down the right track at all, especially 
the one that says no on-orbit servicing. And that means there's no new instruments for that 
telc cope and if it's a one-shot telescope with a lot of money. perhaps that's nOl the way to do it 

oderstanding that there arc spatial resolutions and things you want, you can ask if maybe a series 
of identical,. let's say, 6 meter telescopes with individual instrumentation, all son of lined up to go 
for pc;cific purposes, rnight be better. One n,jght be cryogenic, one might be just for spectroscopy 
or omething else. This might be a better way to save money. These are production line types of 
tele opes. And I don't lcno that we've ever considered it, but when you really think of spending 
all of the money that we might spend for such a large telescope, thl may be the bridge between 
no and the time that we really do have a lunar base where you'd have a different way to, look. at it. 

G. BEALS: Let me just think: of the problems. I think that's a very good observation. 
nfortunately in our groups e don't have a systems panel and I think e're seeing the need for a 

sy rems panel to look at these overriding issues. If you have a 100, kilometer orbiter in that 
en e in the near future, it's going to be impossible to service. The astronauts simply cannot go 

that high. And telerobotics i not of such sophistication where it could really do much servicing at 
that altitude. On the other hand~ your idea of having se era! of them, maybe not nee.es arily at a 
I k.il.ometer level, ma be at everal levels... Then hen they wore out, you destruct them. 

P. WA SO : Also allo you ro make change -

0. ILLINGWORTH: There's certainly a signifi am le el of rationality in that argumenL But 
politi ally it' something th t you'd ne er be able to sell. Ha ·ng one of mething that closely 
imilar to the re t of them ould essentially kill off the rest. gi en the o t. In the minds of the 

fo that are funding the e things - and I think Congre sin a ense - they're l ·ng at this and 
saying: Here's astronomers out there anting the arid. e'll gi e lhem one and that's it. 

R. TIIOMPSO. ': I think if we eep that attitude ourselve , they will also eep it. But also I think 
har has happened to HST perhaps ha changed attitudes e en since e had the first of these 

onferences, and it may be that if we loo " at it as a rational program. for example in one sense if 
you look at the DOD type of mi ion , that's hat they do and hen you loo at a long-term 

mmitmenr o er a long time this may be a way to go. I m just thro ·ng it out there for 
on ideration. 

P. SO.·: There' an a ·ful lot of dogma within 'A and people seem to belie e this and 
feel it can't be changed. But 1f you come up with an b lute] ompelling argument to save 
m ne and get more ien e m the long run, A can hange. They've done it before. It's not 
e , to change them, but the~• an h1nge. 

( • TIDE fTIFIED): Either \I,, ay it' not a big impa c to the ontrol y tern de ·gners. 

(U. 'IDE mFIED }; If e an get nearly rigid appendage • then you elimin te a lot of the 
mplexity that di. u ·erl m the pre"iou pre nunion. 

J. CROCKER: We're domg bener urrentl on ubility ... to milliarc ond . Do ·ou have an 
e t.Jmate for ho,... mu h of that 1 eparable into being rn lov. earth r tl or 1 it in· panel and 
ppendage ? Can ) ou ju t enter a ue '> 

G. BEALS: I th1 the pnm:l:r) dn r ri ht no · on perf onnan e "'e '\e een I the terminato . 
The lar aml) di mrban amp out e ef) thin el~ and be u. e f th t e '\ e pent mo r 



four time quantifying that and not going u 
ther error ource . 

4 
r down in the error budget trying to understand lhe 

P. DA VIS: What are those _ gain , hat do you mean by that? 

G. BEALS: These are the gain e get when we're actually ready to take science, and so as the 
pace telescope goe from on targe1 to the next, it has to slew from one position to the next in the 

man .. uver gain . When the rat gets below a cenain level, we go to the acquisition gain at which 
point the fine guidance en or are looking out for their guide tars, they're locking onto them. 
On e th y're 1 ed and we're read to go to 1ence, e wit h into these gain . 

P. DA IS: So ou mean the ·'re u in fine guidan e? 

G. BEALS: That' corre L 

P. BELY: I think you mentioned earli r that one of the assumption here i that we're u ing the 
same tiffnes for 'GST as for HST. hat ill be the effect of that? 

G. BE LS: I'm gue ing b don your presentation you were talking about a longer tube. 

P. BELY: about t i e long as H T, but the ma.in m e will lo er, about 30 Henz. 

G. BEALS: If. o m .. e the m e dov.n then 1ou 're ell ·1th in the band idth of the ntrol 
)' tern. In fa t. ) ou uld prob bl r 11 them off better than if th 're around the band tdth. 

\\ hat we're findm n ht no i · that the PCS ha a band idth of about 0.6 Henz and it turns o t 
that' \\-here on of the l arra-. di rb e i and it' reall tou h to ontrol the mode lose 
the b nd idth. o if , u can et ell 1thm 1he band idth or ·ell out 1de, it's not ili 
problem. · 

G. BEALS: One o her · ra.i . th I hen . ou 're t a high altitude Ii e that, 
mention the momentu en em pa e Tele ope had, but v.e rely on th 
magnetic field p d momentum from the re tion h el . You o 
don't ha e that b al • o there ould h ve to be an alternate 
m mentum du h ol _ r 1,1, h te ·er. 

R. A 'GEL: 
thin o uni.,_ 

p., 
e ant t 

G.BE 

R It n n 

G. BE L Th t' \ 

· point. I thin e're son of conditioned to 
ultra ·1olet t 

· 10 pretty 
m and 2 mi 
ersal radio tel 

) e argument fi 
m 1h t' 
r one t if 

to . 
Utt UC 

th ;h me It htl · dif eren 

re no1 Ii ht · · rent The · h ·e a m3j r, J r 

point, R er. 
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8. WOOOOATE: I just want to follow up on 's ./1.nt - there's a very specific issue that 
comes up. If you run this thing at 100 Kelvin through the IR and you also want to work in the 
ultraviolet. it's likely to collect some contaminants on iL Then they don't work in the ulnviolct 
because contanrinao11 are being absorbed on it So if you want to nm a CCD in ulnviolec. it's the 
same ~Jem as trying to run cold mirrors in the ultraviolet and you just may not be able 10 do iL 
The:rc s too IDICh stuff around. So you may have to separate them. 

1 
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WORKSHOP ·n."""'~INGS: 
TECHNOLOOIES FOR LARGE FILLED-APER1lJRE TELESCOPES IN SPACE 

TELESCOPE TECH OLOGIES: 
DETECTORS A DI STRUME TS 

• ASTROTECH 21 SE SOR TECHNOLOOY WORKSHOP 
SUMMARY 

• CCD AND PHOTOEMIS IVE DETECTORS 

• IR DETECTOR TECHNOLOGY 



D-8 41 

4 



0-8541 
WORKSHOP PROCEED! S: 

TECI- OLOOIES FOR LARGE FILLED-APERTURE TELESCOPES SPACE 

4 

'TROTE H 21 E,' OR TECH, OLOG ~ ORK HOP M 1ARY 

BARB RA . WILSO 

JET PROP 10 LABORA T R CALIFO IA ' TITUTE F TECH. 'OL 
Pa dena, Calif mi 

, larch 4 1 1 

( notion material folio ) 
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ASTROTECH21SENSORTECHNOLOGYWORKSHOP 

ASTROTECH 21 
Detector Technology Requirements 

0.1 µm - 10 µm 

Presentation To Large Filled Aperture Telescope Workshop 

3 4 91 

13. Wilson 

Chair, Astrotech 2 Sensor Tee nology Wor snop 

OUTLINE 
1. Overview of Sensor Technology Workshop 

2. Summary of UV - Visible - WIR Findings 

ASTROTECH 21 SENSOR TECHNOLOGY WORKSHOP 

Astrotech 21 
Sensor Technology Workshop 

SCOPE 

SIX TECH OLOG AREAS: 

1. X-RAY, GAMMA RAY 

2. U -VISIBLE-NEAR IR 

3. OIRECTIR 
4. HETEROOY E SUBMM-RADIO 

5. SE SOR READOUT 

6. SE SOR COOLER 





ASTROTECH 21 SENS~TE~HNOLOGY WORKSHOP 

RECOMME D TIO S 
0.1 - 0.3 µm 

iCCD 

Parameter w.u Reguired Ies:boolou Advance Required 
olar blindness one E-i 't materials. filttrs 

Quantum efficienc) 10 > 50'e De ice desi n, new materials 

Format izt 2K 2K 4K "4K Lithograph , mattrials 

Read r te 10 pi el < 4 pi el Device design 

Read noi t rms < l e rms Read uitraging 

Rad. 1nsensiti t Counts Discriminates Dual dtttC'tor anticoincidtnct 

Rad. uni"al Problems 15 year lift Doict design 

ASTRQTECH 2 SENSOR TECHNOLOG~WORKSHOP 

RECOM E D TIO S 
0.1 .. 0.3 µm 

EMI I E PHOTOCATHODE/. UCROCHA r EL PLATE 

Pa ram es cc ~ 
olar blindness . 'one ~ E-i 

QE < 50 c ~ 50('1( 

Format izt 1 • lK ~ -iK 

Channel diam t r 10 µm round 6 m square 

Oar count < 0.J cmlis < 0.01 ct.cm 

Rt d rate 

Rd. in.sen 1tht 

Rd. unhal 

1E6 c:1, 

on 

>> lE Cl; 

Di rim,n t 

~ l year life 

I 0 

Ies:boologr Ad ancc Required 
t photocathodt materials 

De ice desi n, new materials 

Lithograph , semiconductors 

Lnh rapby, semiconductors 

D 1ed n 
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-------• 4 ASTROTECH 21 SENSOR TECHNOLOGY WORKSHOP 

RECOMME DATIO S 
0.1 - 0.3 µm 

3D DETECTOR : 

2D 1:\-IAGI G WITH E ERGY RESOLUTIO 

Parameter 
ofar blindnKS 

Quantum tfficienc) 

Energy resolution 

Format size 

R .. d. insen iti t 

Rad. urvi al 

~ Reaujr«t 
~ E...a 

I«boofogy c\d anc;e Rcguicrd 
. ew technology, filters 

~ 50% 1 ew technol<>&Y 

E'.l.lE > 10 1 e technology 

~ lK lK . t technology 

Discriminates utomatic ith E resolution 

~ 15 • ear life 

ASTROTECH 2 SENSOR TECHNOLOGY 

RECOM E D TIO 
0.3 - 0.9 µm 

iCCD 

Parameter Em.t.s Required 
> Cit 

~1£6 

IccboQlon Ad loct Rcquicd 
RttaJn In ne op • oa.s 

Devicedesip 

Quantum efflcjeoc > 60"' 
D namic ranee 2E5 

Format siu 

Rt d rate 

Rt d no· t 

2K 2K K Lithotraph • m ttrials 

R d. in n t1\t 

R d. ur\l\ I 

20 pixel < 1 pi ti De . ce desi,n 

Serm 

Counts 

Problem 

< 1 e rms R d avtrqin 

Di riminates Dual detector tiC'OtDCidfflet 

~ 15 )Hr lift Dt ice desi n 

1 1 
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ASTROTECH 21 SENSOR TECHNOLOGY WORKSHOP 

RECO E DA TIO S 
0.9 - 2.5 µm 

i CCD/CID, Intrinsic Photovoltaic Detectors 

eacams:1s:c £lis.U Btguics:d I~bol21Qll Ad\ao,s: Bs:s;u1ics:d 

Quantum efficiency > 50 > 50 Retain in new options 

Format ize 0.SK 0.5K K K Lithograph , materials 

Rud rate 20 pi el < l pi el Device design 

Read noise 5 e rm < 1 e rm Read averaging 

Rad. insen iti e >l hit S l ct hit De ice design 

Rad. survi al ~ 15 ear lire . e materials. tructures 

ASJR()TECH 2 SENSOR TECHNOLOGY WORKSHOP 

RECO E D TIO S 
2.5 - 10 µm 

lntrin ic Photovoltaic, Quantum ell uperlattice Detectors 

e1cams:1s:c E.lisU B~uic~ I~bammu: a.d"aa,s: B~11ic~ 

Quantum efficienc >50~ > ·o e materi structures 

Format siu 0.SK x 0.SK K K Litboanphy, ma_terials 

Read rate 20 < l pi et De ce design 

Re d noise emu < 1 e rm Read a er io 

lud. insensiti e >lcLhit ~ l bit De ice des gn 

Rad. urvi al ~ 1S ;ear life 
. 
e materials. tructures 
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ASTROTECH 21 SENSOR TECHNOLOGY WORKSHOP 

\\jncfcagrh 

0.1 • 0.J m 

0.J • 0.9 m 

0.9 • 2.5 m 

2.5 • 10 m 

KEY TECH~ OLOGY ISS ES 
b:n Iebaut11g~ b Yf'I 

olar blindnes , high quantum 

,mci,nc .. large rormat, low 

r d noise, rad hardntSS. 

Larg, rormat, low r ad noise. 

rad hardo 

larg, format, lo rtad noise, 

rad hardo 

L r , format, lo~ rtad noase, 

rad hardn . 

Tes;hnotog, :\(hance Required 

D photocathode mats, 

filttr tmiconductor :\-1CPs, 

~fCP readout, D detectors. 

i CCD dtsi n, Anticoincidtnce 

Hybrid CID. new PV m ttri Js. 

band ap en in red de~ic . 

. ·e P\' mattrials, bandgap 

en inttred de ices. 

IA DETECTORS FOR NGST: 
REQUIREMENTS 

• Large format, good uniformity 

• High sensitivity and dynam,c range 

• Low read nois and high read r te 

• 60 • 80 K operating temperature 

• Cosmic ray discrimination fast recovery 

, Cosmic ray urvivabthty 

17 



IR DETECTORS FOR NGST: 
EMERGING TECHNOLOGIES 

Tt~hm~lgg~ e2t1nth1I Adv1ntag11 and Still Qf D1v1lggm1al 
DJsadva ntages 

GaAs QWIP Large arrays, good uniformity, Large arrays produced, 

(AT&T, etc) compatible MUX. In-plane good uniformity. 

light detection. 

Si, GaAs HIP Large arrays, good uniformity, First arrays fabricated, 

(JPL, LL) compatible MUX. Quantum good uniformity. 

effic ency may be limited. 

111-V SLSL High sensitivity, 111-V process First discrete devices 

(CIT, Hughes, technology, low dark current. fabricated, needs more 

Sandia, JPL) Materials uncertainties. materials development. 

.JPL 
NEW LWIR DETECTOR OPTIONS 

AT&T" JPL ~~Detectors 
·· er0fU'ldJonS GaAs/AIGaAs .,-, Gels. 
- s. ~ 

I) 

JPL MS OI 0op,,g Supe,1Mbce 

e 

~ 
__-p-c_r-,_ 
t E, 

• P a d Un rs par 1c1pa ion 

1 4 
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OUESTIONS: 4 

R. 11-IOMPSO You have a column called requirements. How were they put together, how 
were they determined to be requirements as opposed to de ire in some cases? 

B. WILSO : The de ires were often even higher. The desires went to an e en higher range. 
That's a good question a far a how one decided on a number that you're going to list as a 
requirement. I think there's not a very good, hard ans er for that. It asn 't in a very clear cut 
manner: the idea was to take things that were listed a desired for the mi ion in terms of the 
ba kground that exists on the different mi sion set for A trote h l. To rule out the things that 

re ju t totally out of the que tion and to ba k off to som thing that loo ed like it might be 
fe ible and could be con idered a goal for a requirement 

J. UTIS: Yes I ould like to respond to that al o. l think part of the answer i that it is still 
po ible 'thine en say the proceedings from this or hop - insofar as they list things that are 
requirements or de ired capabilitie - that can still be folded in. It's n t in fini hed form yeL 

B. DA VIS: The read rate of 1 mi rosecond per pixel, is that ho long it e to read one out or 
ho often are they read out, or how many bits per pi el_? 

B. WlLSO : A tu ally that' a point, it really hould be pecified in terms of bits per p. cl 
t hi h an cenainly make a differen e, and I don't belie e that as pro ided and I don't w 
w hi h number they were aiming at in that parti ular case. You fill a ten thousand by ten thousand 
am ith little pa age of char e and ea hone h to be r d out to a how mu h charge did 
that pi el see. So ou have to multi pl th t time by the total number of pi e to get the full frame 
rate. 

B. WILSO, : Ye . 

L ROBL SO, : at the reall meant b)' microseconds a million pi els per second. 

B. WILSO, ': Ye , th t' corre t. It was written to be on the order of a ix second full-frame 
readout. In order to compare different te hnologir. 'th different pi el counts, I turned that b 
into a per pixel read time But )e , if ou are doing parallel readout, then the net time will not be 
the multiple of thi time and the number of p' els. 

17 
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(Presentation material folio ) 
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SCIENTIFIC CCD 

ST A TE-OF-1HE-ART SPECIFICA TIO 

FORMAT SIZE: 

4096 X 4096 PIXELS POSSIBLE (4 CHIPS/4 INCH WAFER EMPLOYING 7.5 
MICRO PIXELS) 

2048 X 2 PIXELS POSSIBLE (4 CHIPS/4 INCH AFER EMPLOYING 15 
MICRO PIXELS) 

1024 X 10-➔ CO SERV TIVE ... 15-20% !MAGER IELD (9 CIIlPS/4 INCH 
WAFER) 

3 SIDE B TTING POSSIBLE WllH A 2 PIXEL GAP 

PIXEL SIZE: 

MAXIMUM 52 CRO S (3-PHASE) 

MINIM 1 0CRO (3-PHASE) 

READ OISE: 

4-5 ELECTRO. • 1Uv1S (S GLE SAMPLING AT 6 .1lCRO-SE 

< 1 ELECTRO, RMS (32 SAMPLES S G "SKIPPER" TECHNOLOGY) 

0 -CHIP AMPLIFIER E SmYITY: 

2-4 1ICRO- OL TS/ELECI'R01 ' 

CHARGE . FER EFFICIE C : 

T -70C (> l 0, ELECTRO POINT O CE) 

B ST TE L ITTED (I.E., CTE DEPENDE 0. Q ALITY OF S1LICO 
MATERIAL) 

D RK CURRE. ;-r (REFERRED TOR M TEMP, 1 

1 • 0-

0.1-0.2 

0.01-0.02 

0 

·0- 1P 

TED 

RTIALLY 

·0- MP/ "2 TOT LL 

l7 

RTED 

RTED (. iPP OP 110. 
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SCIENTIFIC CCD 
STATE-OF-TIIB-ART SPECif1CA110 S 

FULL WELL CAPACTIY (18 MICRO PIXEL): 

325,000 ELECrRO S (PARTIALLY INVERVED) 

125,000 ELECrRO S (MPP) 

PIXEL-TO-PIXEL ORMITY: 

Q 

2-3% ( 0 RlED) 

1% (MPPORPARTIAllY INVERTED) 

ONLINEARITY: 

< 1% (18 MICRO PIXEL; 1 MICRO- OLT/ELECrRO 

EFFICIENCY (10 MICRO EPITAXIAL): 

BACKSIDE ILL 

FRO ... . ... .... . .. . 
• • It 

• ti 
. ... .... .... 

A =0.2 
A =0.5 
A =0.6 
A =0.3 

A =0.0 
A=0.0 
A=0.45 
A =0.2 

• • 
• • • • 

TIO (QE-PINNED, ~OODED) 

A TED 1 A TI-IR.EE-PHASE POLY GA TES) 

• I PHASE (OPP3-3-12) (1500A 1WO-PHASE POLY GATES) 

1 9 
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SCIENTIFIC CCD 
STA TE-OF-TIIB-ART SPECiflCA TIO S 

HIGH ENERGY RAD IA TIO TOLERANCE BEFORE CfE DEGRADES: 

1 KRAD... ELECTRO S 

25 RADS... PROTO S 

VIDEO DUMP TIME CO ST ANf: 

< 50 ANO-SEC (5 PF LOAD CAPACIT CE) 

FRONTSIDE MTF: 

0.6 BE1WEEN 2000-6000 A 

> 0.45 BE'IWEE (,0()().. 

MISCEU.ANEO S FEA TIJRES: 

0 RESID AL IMAGE 

A (10 MICRO EPITAXIAL) 

EffiCIENCY HYSTERISIS (QEH) 

1 FRAME ERASURE FROM A TOTAIL Y A 11.JRA TED CONDmO 

MAXIMUM CCD BIAS= 20 OLTS 

MINIMl.Thi LINE TRANSFER TIME 5 MICRO-SECS (1023 X 1024 18-MICRO 
PIXEL) 

1 
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lektronix• QUANTUM EFFICIENCY 512
2 

CCD AR COATING 
.... ,...,tt.oto(c:u..t.ra 

OE. TK~12, boeliside, l. ned, AR eooted. s·N lll~-8-2 
100 _ _.__._..__.__.__,__._....__.__.__.._....___.___,__ 

90 -

90 -

E 
70 

... 50 u 
C 

~ 50 
.::, 
€ 40 > c 

.)0 

20 (!] IIASC OOI• (2l C) 

6 NOA0 ... e (-10 C) 
10 

J!,O JOO l!IO 40() 4 !,() SOC, !,!,() &!10 700 7-.0 110(' 11!,0 9'l0 9' I ~"' 

•--. ( ..... ) 

1 1 

IST/5 j 
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PHOTOEMISSIVE DETECTORS 

ADVANTAGES 
• VISIBLE-BLIND UV DETECTORS 

• HIGH TIME RESOLUTION 

• LOW SENSITIVITY TO COSMIC RAYS 
- AND COULD USE ANTI-COINCIDENCE 

• RADIATION-HARD 

DISADVANTAGES 
• QE IN VISIBLE LOWER THAN CCDs 
• LIMITED UPPER COUNTING RA TE DUE TO 

USE OF MICROCHANNELPLATE 
INTENSIFIER 

TYPES 
• PHOTON COUNTERS, CAN BE TIME 

TAGGED 
- MAMA 
- WEDGE AND STRIP 
- DELAY LINE 
- RESISTIVE 
- CODACON 

• PHOTON COUNTER OR ANALOG -
INTENSIFIED CCD 



4 

MAMA PROGRESS 

STIS DEVELOPMENT 

• 1024x 1024 BUil T 

• 2048x2048 
- ANODE ARRAY DESIGNED AND 
IN FABRICATION 
- HEADER AND TUBE IN- :au I LI 

DETAILED DESIGN 
- FIRST DETECTOR -SOI IE8UL£B 
FOR MARCH 90 o?-.RKTtNG 1N v,.e-uu 

C.l'\~M.~t. 

• SUCCESSFUL ROCKET FLIGHT 
(A. SMITH) 

FUSE DEVELOPMENT 

• 14 micron 240x960 
DEMONSTRATED 

• CONCEPTUAL DESIGN FOR 
8192x512 ARRAY AROUND 
ROWLAND CIRCLE 

1 3 
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SPECKLE IMAGE RECONSTRUCTIO 

110 201038, Power Spectrum 
250.0 

200.0 
. . 

150.0 

100.0 

50.0 
., 

o.o~---1-----~---_._ ___ __._ ___ ......::, 
Reconstructed Autocorrelation: HD 201038 

250 • 0 ~ I I I I 

200. 0 1-

50.0 -... 
0 ... 

100. 0 ~ -

50. 0 ... -

0.0~k ____ ..1-•---.L...-'----'L---~·------•__.· 
0.0 50.0 100.0 150.0 200.0 250.0 

X 

1 4 
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DATA FROM THE ESO MAMA DETECTOR 

Q 1101-264 

0 ___________________ .,__.,__.,__.,__.,__-'--..,_____, 

100 200 300 400 500 600 
PIXEL 

Figure 4: A portion of the extracted spectrum of the quasar 1101-264. The scattered I gt t 
bac ground between the order, ha, been re ed. This results in good scaling of lhe stro g 
absorption lines. 

1 
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COSMIC RAY RA TES 

ENVIA ~ENT 

EARTH SURFACE 
- --------

LOW EARTH 
ORBIT 

-
HIGH EARTH 
ORBIT 
-----· 
LUNAR SURFACE 

- ----
20 METERS 
BELOW LUNAR 
SURFACE 
- -- - -----

MAX EXPOSURE TME 
FLUX (CM••-2 S••-1) TO CLEAN DEAL MAGE 

BY VETO OF 2 (MIN) I 

0.01 46 
·-- - -· -----

0.1 4.6 
- ·-

2 0.25 

1 0.5 

0.01 46 

i------. ·-- -

# TIME FOR 0.05 OF A 
2048x2048 ARRAY OF 
21 x21 MICRON PIXELS 

TO BE FILLED 

REMOVAL OF COSMIC RAY 
HffS FROM CCD IMAGES 

_, .az2 '°" 
hl"(:,11,\ ~C,. ~a.E 

·on.,....:. ..r!S 
.. -re•~ • 

5.7 • 
oe 0 ~ 

'Cj)I 11..S (30 oat) 

...£0 MST I 

0 I CW---: ·I 
.. 

Cl -
Jilt 

, .. 3 10 • Z2• 

• " ' ., " 

2.. u ~ u 

ll • q 4$ 

1.11 12' 1.3$ 
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DETECTORS ABOVE EARTH'S 
MAGNETIC SHIELD 

- GEOSYNCHRONOUS AND ABOVE 

LUNAR 

• FOR VISIBLE: CCDs BURIED UNDER 20 meters OF 
LUNAR ROCK - LIMITS COSMIC RAY RA TE TO 
THAT ON EARTH SURFACE 
- EXTEND TO UV WITH DEVELOPMENT OF VISIBLE 
REJECTING FIL TEA 

• FOR UV: PHOTOEMISSIVE ARRAY DETECTORS, 
HIGH COUNT RATE CAPABILITY FOR CAMERAS 

NON-LUNAR 

• FOR VISIBLE: POSSIBLY USE CCOs. REJECTING 
COSMIC RAY HITS WITH MULTIPLE IMAGE VETOs 
- (BUT WE MUST SIMULA TE THIS) 

• FOR UV AND VISIBLE: PHOTOEMISSIVE ARRAY 
DETECTORS, HIGH COUNT RA TE CAPABILITY FOR 
CAMERAS 

GENERAL 

• LARGER FORMAT, HIGHER OE, LESS EXPENSIVE 

• POSSIBILITY OF 30 (X, Y ,E) DETECTORS - e.g. 
USING SUPERCONDUCTING OR OTHER VERY LOW 
TEMPERATURE SENSORS (MICRO-EV) 

1 7 
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DETECTOR RECOMMENDATIONS 

CCOs 

• LARGER FOAMA TS - monolithic and mosaic. multiple outputs 

• RAOIA TION HARO~ - especially for CTE. trap dynamics, lime 
scales and temperatures 

• lN FIL TEAS - visible blind, al ali metals, polarization, tandem 
gratings 

• OE IMPROVEMENTS - temperature variations? 

• COSMIC RAY REJECTK>N 
- tor high orbits 
- study methods 
- combine images, lower readout rose, eg ~ipper 0t JFET 

• COMTA"-lti/ATION C0"4'T&.OL. (. Ullt. ~ 'UV) 
• .Sn i.U.. Ptl(£U 

GENERAL 

• HGH COUNT RATE PHOTOEYSSNE DETECTORS 
- ICCOs: low gas, MCP, o, 2-0 <igicon, or obiQI e; but must 
remove cosmic rays 
- discrete dynode MCP 
- separate charge replacement and secondary emitting materia!s 

• CURVED FOCAL PLANES 

• PHOTOEMISSIVE OE PROVEMENTS 

• PIXEL StZE CHOICE 

• SPACE OUALFED, LESS EXPE SIVE 

• XYE DETECTORS 
- meas re energy of lN /visffi photon by uftra-iow noise 
proportional detection 
- drastically low thermal noise, very cod 
- s perconducting sensors 
- sofd state photomultiplier 
- other? 

1 
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WORKSHOP PROCEED GS: 
TECHNOLOGIES FOR LARGE FILLED-APERTURE TELESCOPES IN SPACE 

IR DETECTOR TECH OLOGY TAT 

CRAIG McCREIGIIT 

AMES RESEAROI TER 
Mountain ie , California 

arch 4, 1991 

(Presentation material follo ) 



ON INTAINSIC 

IRAS 

COBE ✓ (1nSb) 

SIRTF ✓ (tnStl) OR 
HgCdT•} 

4 l 

4 

ASTIIOTECH 21 
SUBMILLIMETER ASTROPHYSICS PROGRAM 

DIRECT DETECTOR SYSTEMS 
MISSION INHERITANCE 

DETECTOR TYPE 

EXTRtNSIC CA,~-w NT£GRATEO 
SILICON GERMANIU BOlOIIETE.RS ARRJ.YS 

✓ ✓ 

✓ (Sl:M ✓ ✓ (1 
IBC) 

✓ ✓ (G• C,o, ✓ (0.1 ) ✓ 

STRESSED) 

-

COM ENTS 

DISCRETE 
DETECTORS, 

WITH 
JFETTIAs . 

MULTIPlEXEO 
READOUT, 
EGRA 

FET REAOOUTS 

•1 



DIRECT DETECTORS: 
1990 STATE OF THE ART 

READNotSE 

QUANTUM EFFICJENCY 

DARK CURRENT 

ARRAY FORMATS ( >...30 µII) 

READOUT TYPE 

UNIFORMITY 

WELL CAPACITY 

sso e· 

- 40% SI AND GE 
- to% IHTRfNSICS 

< 10F IS 
25°C, ., J,.n, 

tN a •11. Wfftt !98 x !98 ua, FAA OfiF 
( DDIONSTAATEO HgecfTe) 

SWITCHED SI FET, L TIPLEXED RE! DOUT 

-5 

191 

.. ,. 
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SIRTF DETECTOR DEVELOPMENT SENSITIVITY 

... 

" 

- o•,~-;:_=.c. ...:-' -

1 -
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..IPL SIRTF Detector Development Activities 
$tau Dale: 10/17_., 
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Fig. 1. Direct IR Detector Technology Needs 

Near IA Mid IA Far IA Far IR 
'f1 • 5 um) (5 • 10120 um) 130 • 200 uml (200 • 1000 uml 

Ma1erlals PV: lnSb, HgCdh. Si:x IBC. Ge:x IBC. Bolometers (semi-
Bandoap engineered. HQCd'Te. Bolomelers (semi• & & SUP4t'ooncb:ttng). 
Pholon Counling Photon Counll'ng. superconducting). Narrow-bandgap 

(Suc:-r11nlce or Bandgap Englneefed. Bandgap engineefed. semicondudcn. 
SSPM). Etc. Ge:x PC detec:tcxs. SIS dhct des.ctcn. 

I, Etc. Etc. Elc.. 

Readouts 
1 

Low-oolse. low darll :::) = :::) 

1 cur,ent. low 
' dlssloatlon rad hard 

Formals (1000 . 3000) 2 ( 1 012 (to)2 
Requested In , (20,000)2 (20,000)2 (32 10012 (32 . 100)2 
'Mission Set 1100012 ( 1000)2 

Yrs ·111 3. 4, 6, 13, 16 13, 15, 16 5, 15, 15 5, 15 
Needed ii 
Mission Set 

1 
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Ei&• 2. Ovenll Recommendations for IR PetcctPc Development 

0 Low-Temperature Rtlldout Electronics 

-Low Array Read No~ (1 e-) 

•Si CMOS (<<20 K, and >20 K) 
•non-Si FETs 

-2 K, Low-bias Circuits 

-Bolometers 

-Photon Counting Detectors 

0 Large-Format IR Arrays 

-s 30 µm 

-Ge Arrays (Photoronductors, BIBs) 

-Array-compatible Bolometer Concepts 

0 Photon Counting Detectors 

-Si:As SSPM 

- ovel ear-IR Concepts (Superlattice?) 

0 Hi her-Temperature 10 µm Detectors 

-HgCdTe (-30 K) 

-Bandgap Engineered Materials 

Ge BIB Detectors (epi technol ) 

Improved Si:Sb BIB Detectors 

Adapt SIRTF Technology for Hi er Backgrounds 

Critical iass Problem (esp. at lon - ) 

19 
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Fig. 3. Readout Electronics 
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Fig. 5. Photon Counting Detectors 

~T~• Pro• Corw 

Smal-b&ndgap auper1atuc. High« ope,allng Unproven 
(111-V. II-VI) le~ralure7 
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Fig. 6. Higher-Temperature 1 O µm Detectors 
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QUESTIONS: 

D. T ERELLI: I have a general question. If you loo at all the program , how much money is 
bein pent b ASA on de eloping detectors? 

M KAPLAl : By ASA that' an imponant type of qualification. I would quickly guess the 
rd r f magnitude to be a few million dollars per year -- two, three or o million dollars a year. 
fo. t of that money i coming through the SlRTF detector program. I don't know the number 

1 ted ith HST but I think that's probably about the right order of m nirudc. 

P 1 MA : Th que tion I had was, Barbara mentioned that thi group considered coolers 
methin they wanted to make ome tat men abouL But I don't recall if either she or Bruce 

ent an further. \ [}l t wa the group' fi ling bout the tate of the art in terms of closed cycle 
I , 

DGA TE: Ju t to lanf , there pan I of 10 e pens, separatJ from our panel really, 
u that and pre nt re ommendation . Let me take a crack. at what the aid. There's been 

m i e inve tm nt on the part of the defense community that bas been on the one band 
onizingl_ lo in producing re ults and yet on the other hand impres ive performances arc 

be inning to be demon trated. I think the general ·ord from that panel ouJd be that one could 
um with reasonable confidence that the y tern would be practical. The long life coolers 

d n toe en 10 Kelvin are probabl going to happen. ASA up n will be nccdcd to deal with 
pc ifi that \\C an't ount on getting inheritance on. 

19 
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WORKSHOP PROCEEDINGS: 
TECHNOLOGIES FOR LARGE FILLED-APERTURE TELESCOPES IN SPACE 

UMM RY OF A A A TROPHYSIC DIVI IO. PLA 

M.KAPLAN 

ASA HEADQUARTER 
a hington, D.C. 

arch 4, 1991 

(Presentation material folio s) 

01 
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B.WADA(?,: Ithinkit' on bletotalk:intheconte tofHLV- izcd hrouds,butalsotol 
t the impact if we're forced ba to something mailer. . .. 10 to 13 meters i what I see for HL 

'The tele cope itself, talked about an meter scale. meters i my preferred number, 6 meter 
i what I think fo ha c concentrated on because it' a litd more ea ily a commodated ·ithin 
omc of the envelope . But cientifically I would love to see u pu h to ard meter . 

i. KAP (?): I thi we need to di cu s an meter tele pc. It an be 7 meter , met r or 
. But l at it two ·ay . In one you'd need automari depl • ment alignment. and all of that. 

In the other case one might get a ay with building the hole thing on gr und. 

03 
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WORKSHO OCEEDINGS: 

1ECHNOLOOIES FOR LARGE FIILED-APERTI.JRE TELESCOPES IN SPACE 

REPORTS BY 
WORKING GROUP CHAIRPERSONS 

• OPTICS WORKING GROUP 

• STRUCTURES WORKING GROUP 

• DE1ECTORS WORKING GROUP 

• SE SORS AND CONTROL WORKING GROUP 

• L AR-SPECIF1C ISSUES WORKING GROUP 

• ORBIT AL-SPECIFIC ISSUES WORKING GROUP 
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REPORT OF THE OPTICS WORKING GROUP 

R. Angel 

Steward Observatory 
Tucson, Arizona 

or ·ng group mem rs: J. Breckinridge, D. Diner, H. Epp , D. Fi her, C. Gilbreath, 
T. Glavich, S. Hinman, E. H bberg, D. Korsch, R. Loe e, 
B. artin, A. Meinel, M. Meinel, J. Miller, and R. Wil on 

What did galaxies loo · e they fonned after the big bang? What goe on lo e to the giant 
black holes at the center of galaxies, the powerhouses of quasars? Do rearb tar ha e plane 
like the sun's? 

We know that in principle p cc telescope to an wer these que n n 
en ugh, cold enough and cura enough. hat should the l l 
it take to build them? 

an be built, if they are big 
in pracn e, and hat d 

Th placing of any ne maj r teles ope in pace i a human undenakin on a grand cale. I 
de ign, if it is to be built at all, mu t bee ceedingly effi ient. Such effici n can hie ed b; 
an evolutionary proces of refinement of th goal and the de ign and technolo , ·th igorou 
debate and research by the astronomy community. 

Th work of this panel is part of thi pr e , identifying technolo m e ugation that are needed 
part of the refining p es . 

Introduction 

T o general con iderations of pcrf orman c threaded our di u 10n . One 1s the uc tion of 
e atility in tenn of avclen th that can be a comm ted in one tele ope. The other i the 

weight placed on filled apenurc, oppo ed to dilute or interferometric arra . The thi!tl general 
t as the value of hea lift vehicles 

o matter what the a elength. the bi~ger th tele cope operating at the ruff tion limit, the 
higher the resolution. The o nd dJfficult of manufacture mcrea e nh the higher urfa e 
ccuracy needed at honer a elength . The ttu uon i analogou to that for ground b ed r dio 

tele ope , which operate m the dlffra non limit er a wavelength range of more than 3 decade . 
ny one tcle ope is u uall, d at v.-avelen th lo e to I limn et b urfa e ura • lec:1. m 

to le s a curate and le e pen. t\. m trument th longer w elen th here th arc pcrfe ti_ 
n f tory. 

Large space tele cope a-.elen th, from ar und nm, the 
hmit from h drogen a rpuon and n rm I 10 id n e refle 1ion, to I mm, ...,.,here ground b d 
m trumcms are uncomprom1 d by the trno pherc. Thi bro d b n all n tur 11 into three 
d main on thermal ground From to around I nm, thermal em1 ion b> the tele ope t 

m temperature i ne Ii i le high ura mirror, coated or h1ghe t ultra\.i let refle ll\.lt}' 
and protected. again t contamin non 1 needed 1n thi range From 1 to 10 micron a Jen th, 

207 
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p.1 .. t\ · to OK of a · 1v r ated mirror bring a tele cope 10 reach the 

d limit · t b b nd From 10 to 1 micron , there i a need for 
lly cooled tel J for ~ef) tar e apenure that are more emi i e but with 

· 110n. n planning current!) ha clear! distmgui hed the need for 
cope he thmi d IRTF and mall ub-mm telescope). Our group 

rn th two d m ge, and urge that the trade off of u ing two 
ized tele hould on 1dered. While mo t large ground based 

u ed over 1 of tv. o d .3 to 30 mi ron , this i ause cooling 1s 
, and atmo pheric turbule 1lar an ular re olution (and hence surfa e 

. qmrement ) aero the v.h le band 

gener . i em the \ alue of 11led aperture. The panel con · red the 
epl ) a ill pt for rigid ut un 1lled apen . The feeling t high 

. e d b) a filled apenure hould not be acrifi ther a ery 
· 1en ed for e hat ht her p ua lunon. at the diffraction 
h al t ground (from zodia al ba light) i , even for filled 
apenur , 1 independent e. n_' diluuon v.h ener from the main am i 
d ma.)ng. ble tel m tt presen dinon has a beam profile not unr e that of 
a dilute pen . put ome 15'l of it er ) into a diffra tion limited main am. 

\.en ith thi non, al 1m gmg of~ 1e t very r. 

he ex.tremel · h leran or 1 iffra non limned opu al • tern fa\or laun hin 
the 1 t laun ehi le· There 1 a huge gam if a 6 or meter aperrure 

I pe · r h ed o the _ nd. and then put up m ne pie e. utorn red fine 
ali nt v.1 be needed, but the tar done 

The 
lov.. 

\e _en rat ·on 1 erarion under! ur det tied d1 technical a pect et out 

urf& cura ~ requir m nt 

1ze the , · toleran e or the · 
h uld rrehl ratio. · 
') or 2 micron 

1 action ne 
1 lose to the dif 
I all ale tru ture al 

are t ed hght i no more than the 

r tribute pri r e th al di r nion, n 
r. impe ra\.1 r a tel at rea h 0\e of 

e e e u t 2 to l nm. r t a 
n e 0\.er the Hu r, · h re he 
o the h te 
ti i requ ech the 
v. p tirn pphng with th1 in 

e m r ntion n be p 1 . 

nd ,em. 
~ ~ ~ ~ 
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Optical Design 

Th re are many comple trade off to made early on that involve the scientific goals and the 
opti l de ign. Mirror ize field ize, primary focal ratio, final focal ratio number of mirrors, 
tolerable aberration , operating temperature, pupil top , IR chopping, wavelength range, 
deployment i ue , pacecraft pointing optical beam teering pupil avefront correction on 
orbit arc all factor that can only optimized part of a y tern. It i e scntial to ha e trong and 
repeated interaction between a tr nomer , optical de igner and vehi le people to find optimum 

lution . There mu t be no fal e a urnption that dri e the de i n unnece aril , and no 
fi r Otten i ue . 

pee of thi cornple area that ught the attention of the panel were: 

Requirement for image tabilization and avefront corre t1on at secondary, tertiary 
mirr r . 

impa t on de ign f I nar/HEO location. De ign of coude fi u deep under lunar 
regohth for CCD h1eldrng. De ign a pe to fa ilitat HEO deh cry or erection 
on the lunar urf e Trade off f primary fi al rau -tube len_ th and spai ecraft 
ize/inertia. field f \.te 

e I n optmuz led tele pe for u pn al at GE 

de I n and opam1zation f opa · f r pa ·i e w1de field lunar tran it tel ope . 

. 1aterial 

orre t hape o er ome range of tolerance in temperature 
fi 1em t the operaun temperature, and g homogeneity n ma.lJ pallal ale where 

u not orre tare th 1m nanL Thu if the operatin temperature toleran e is 1 K, and 
the 1 30 m. I riaa n in c fficient gi e a bump o 0. nm. The mirror mu t 
\\1th rand repeated ~cling f m temperature too ting temperature i.ith no hy teresi . 

e I~ pure are \.IOU candidate . 'LE 1 1h doped ·m mania to 
ffi tent at r m emperature. By u ing le mania or itchmg to ron dopant, the 

If lighcv.ei ht 
t ·hmque th 
e te 
a·h 

n older temperature. Re carch i n eded to erify the 
th realized in ne ompo ition . Altemati e to 1h ma} be po sible, 
r 1th le · deman ing a cura o 10 nm or \\-O e The limitations to 

h m non J m tenal need to be under t 1f the} are to 
ble ahemat1\.e 

2 

factunng 
right 
dil 

f . 
te an 
0 

ct that 
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Form of mirror ub trat 

ice o mirror · nu ally d pendent on I un h eh1 le. If the mirror i t big to 
ered in one p tion t build 1t in egme -which deplo · or are m led 

If a lar · le I a .. 1lable, then It 1 po u ·e m nolithic mirror. 
other made ub trate pie e i ma) · · tif . 

oneyco u ble t pe, or ma. be eet l ape 
from a bac -up on- rbu non o the mirror figure ma} 
fo ntrol r po 

Re from the f op "'ill pr aluable 
p I te t of different te o a nm. The f th e 
mt , 14 ton gl f r th 0 4 meter mi higher 
th ed for pa e. uc n t b) l if 

The panel u on ept o a 1 ton. 4 meter te hn log_ dem n tration mmor. made o 
hon · mb gl ate for ' operation. and Ii ed and te ted t 1 nm a cura • b. the 
meth . de c 

:urf in pr 

Fou c n be id m the urf ·mg p 
num y ntr lk aune ma-..hmm ). I 
poli·hmg; deterrmni u ·n \1 ge th ut t 

m temperature. but that m op hape 
n mg, Id ely The 
l d1ff n hn 12e h . re 
e to h meth ill al O\li the 
of e\·en meter nu to _ 

uen nut.i ·turin ombi 
lith1 gmented primaI) mi 

. u~n ·all} ntroll 

Fine a rJ t\ e l ppin ith -tr 

n 1.1 rin t I nm nn. Thi 

T m nd 

21 
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bsolute metrology at this ub-nm le el iJ1 present a se ere challenge. For monolithic primarie . 
null lens tolerances need to be controlled to an order of magnitude higher tolerance than achie ed 
b urrent tate of the art. If a egmented primary i to be built, method to obtain ab olute 
mctrology of off-axis segments to ub-nm level mu t de eloped. 

Tc ting on orbit would be carried out with wavefront en o operating down to 100 nm 
wa elcngth and could in ol e hearing interferometry for mall ale eJTor , and neural net 
anal i off ocal plane image for large ale error . 

oating and contamination 

t pre nt no coating e 1 t that opumize performance imultaneou ly m the vacuum ultra iole1 
and in the thermal infrared. High refle ti ity in the i obtained v.:ith o ercoated aluminum. 
Tele ope design ·1h more than t'wo mmors pla ea premium on the h1ghe t reOectivi 
Lo ivit in the IR require old or ii er. Re earch m ~ ind a um er al coating, thou h 
th1 unr el . 

Ht~ h refl ti it in the , uum ultra\ 1olet an be de troyed b} n min ti n at ery lo le el . h 
will be cry cliffi ult to oid mamination if the mirror . urf e I old, and there i m 
·~mficant outga ing of the pa e raft. Thi i ue need ur em re lution. If contamination of a 

L mirror inevitable. then a um,e -IR 1ele pe 1 n t i le 

Techn lo } 
ea 

. hrror and ub crate m tenJJ 

n aJ te ang 

al ung 

Sl'MMARY TABLE 

Current 
tale of the An 

onmrm 

10- CTE al 31 

. e~ 
Requirement 

(1 :.-1 nm rm 

- m diameter 

eed to determine if 
1. nt.ammari n f ld 

1rror i mev1ta le 
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" REPORT OF THE STRUCTURE WORKING GROUP 

B. Wada and D. Rapp 

Jet Propul ion Laboratory, California Instirute of Technology 
Pasadena, California 

W r ·ng group members: D. Coulter, M. Krim E.J. Ro ch.lee, and G. Sarver 

Introduction 

The goal of the tructures Wor ing Group a to estabH b a li t of the 4-6 highest priority 
te hnology requirements for a hypothetical but repre ntati e future filled aperture mission. Th 
members of the ·ng Group included peciali ts in the technology fields: structure , material 
and temperature nrrol. 

Ii ion et 

The main emph is in thi ork hop as on a hypotheti al future mis ion that would serve both 
a ext Generation Spa e Tele ope in the vi ible (and po ibl the ), as well as a po ·erful lR 
tele o . The e y tern parameters for thi filled a rrure p cc mis ion are: 

• Dtameter meters, segmented 
• Launch vehi le hroud diameter = meters 
• Or it i 1 , or greater 
• r temperature = 1 K (pas i e) 

T ·o parameters h1 hare trongl interacting, and hi hare difficult to fix exactly, are 
d n it of the primal) mirror, and the urf figure RMS error. Depending on the range of 
application of the tele ope, the urf e fig R. i requirement could ary ign· tl 

e 1rable co operate th1 t le ope in the near , in hi h an RMS of< 0.01 u 
pnmary muror ·ould be needed. Howe er, it ogniz.cd that there are two di tin 
f r the pnmaJ) mmor m tenal , ba ed on co · or gla -ceramic ). Com 
have the po · · ieving areal den iti 20 Ho e er, it appears cxttcmcly 
unl -el that r d o · coul f 0.01 micron. In f. t. it 
difficult to or n compo of 0.0 icron, the m· 
ne cd for m m egmcnted glas alm u:rely be made 
r m temper f 0. n, and po ibly 0.01 , but th are expected 
areal d n me m-. Furthe , · f the e mirrors to retam their 
a cura y at fu . In earl f planning, it i diffi ult to 
d tcrmme "' d ponant t lig tructure and gi e up the hope 
o m m t:umng lh ilit urcment • an 
h1 m t d Therefore, on ann ply quiremcnt for are 

a e pnm muror 

art! ure l I nc co d The t hn lo rcquircmen r 
h a im1lar c of the filled cd pc d ribcd abo e, 
ept re uU"C t) au tu.re pro 

... 1 



lunar based mi sion w con idered briefl 

•Diameter= -16 m 
• Temperature range = 0 K to 0 
• 'The telescope can be en lo ed 
• Surface accuracy= approximate! 0.01 micron R S for the total t m. 

It appeared that the technolo requiremen for p e may be more chall ngin than tho e for 
lunar b ed mi ion . Generali , man of the e ten 1 e technologic de, loped for tern: trial 
ground ba cd tele cope are applicable for the lun.ir ba ed tele p . Therefore, thi tud} 

n entratcd on the t hnolo need for spa e mi · n . 

It hould be emphasized a ve all other need , that m e the required diameter of the tele ope 
ecd the diameter f the hroud of pre entl a a1lable launch vehicle , there ~ill a critical 

need for a credible embly cenario in pa e, based on either an er table deplo able or h brid 
pproa h unle a vef) large diameter hea lift launch vehicle i de eloped and made read in 

time. 

Technolo ~ R omm ndation 

ln pri rit order, the te hnolo need are 

PrioritY 

4 

( l) 

uran of On-orbn tru tural Performan e 
Impro cd Ground Te t \'alidation 

dapti e ( cti-.e) Stru ture 

. 1 eling alid non of Large Pr, i 10n tru rure 

. 1aterial and Coatin"' r Dimen onall table tru cure 

Deplo able and Erec le tru rure Contaming egmemed .1· 

lnte ted .1ulti- unco n tru tural Elemen 

uranc f On- rbit tru tural P rform n (Pnority l) 

· · · th e ecti el} 
nf pro 'i d an 
h . In recent 
e l 

te 
fo 

ti le 
0 I p 
b1 n 
w r 
pen ' 
tru 

21 



4 
an l tical predictions of trucwre vibrating in the ub-micron range, it appears necc sary to either 
de clop new approache for ground te ring, or develop approachc for on-orbit adaptation, in 
order to make the e mi ion fe ible. Thu , there are two alternative approache for achie rin 

urancc of on-orbit tru tural performance: improved round rest validation procedure , and e 
of adaptive structures. 

tually, the two technologie au as one in uce m re and more on-
or it adaptive capability into a tru lure, thi rel e the requiremen n ground le t alidation 
bccau e ground te t validation nl need to ure that the tructure will remain ithin the 
d namic range of the adapti e • tern when it i placed in or it. Thi_ v.ill eenerall ' require 
con. 1derably le preci ion than if the tru ture v.ere not adapti e. 

'ev. de ign appro he mu t be de eloped, whi h an 1ther be aJ1d ted by ground te t. or f r 
wh1 h ground te t requirements can rela ed b adaptati n m pa e. 

dapu e Structure provid flex1 ihty in etting geome1n or tru rural haracten tic on-or H to 
om nsate for unknown variation that may not predi table fr m ground te nng. Change in 

th . tructure : it perational en 1ronment are induced through en r , ctuator and controlle 
ht h may integrated into the trU ture it If. dditi n l reliabili an intr uced b addmg 

r undant active membe that are ailable to ompen te when failure cur. The require th t 
n 1mtially perform a ) tern 1dentificauon of the tru ture in it operauonal en ·1ronment and 

th n · dju t the tru ture in a e tom et it requirement:. The approa h an u ed ro rel the 
g11 und te t requ1remen by n ord r of magnitude (or m re) and 10 u e ground te t mere!) to 

ur that the on- rbir tru tur p ameter will v. 11htn the dynam1 ran e of the ada c1, e 

Ground te t that negate 
dimcn ional air aring table ma. 
tc t uh adequate in trumentation 
approache . 

t o gra it), uch a tY.O d1men o 
1gnificantl> impro e the capabilit) f ground te ting. Flight 
ill required toe tabli h the vahd11. of u nev. t I and 

(2) Modeling alidation of L r Pr ci ion tructure (Priorit. 2) 

here the mathemau 
through ground de re d1 1 ult t for the ind o 

n tru ture requ· u 1deranon herein Thu the de 1gner 
o rel upon the I e ·1"n of the tru ture 

,..,.._.....,,...,..ration. 

Current finite elemem mathemau · 
to mparably high load nd tre 

ta.min a c nfiden e n th 
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pr ~ rl) pred1 ted, then · ntr l 
re p< n e i rand m 

ntr I m al re pon e will fail when the 

The pr di uon nd ontr I of a urate thermal gr dient rn the tru ture will be imponant to 
mamtarning pre 1 1 n im1larl). '-Cry httle data are , a1lable on the thermal characteristic of 
tru tur • where .·mall d1men I n are of intere t, e pe iall> in Joint ap Ground te t data are not 

adequ te in e gra, ity pr I ad. the joint and the potential influen of j int gaps cannot 
det ct d 

The de'.elopment f 1mpr ed meth 
tru ·ture v. ill enable future mt ion. 

tru cure throu .. h n I~ 1 

L ) lat rial nd atin for Dim n ion II) bl 

ron I pla ement in preci ion 
1a1ed with de igning large 

tructur (Pnority 2) 

T au;tin the required n eat nabl 1th an ceptable level of ri k, a pas i e 
rru 1ure mu tit e a e an U\ e onrrol element to correct for non-

1de.1l perf h re mu light er m1 ion lifetime under the 
apph ·able al. I and em ironmen e tru ture concepts based on 
e 1 tin mat are hara terize a avv. mall to moderate in ize. 
h , in in d re mHed tab1ht} an ·m ol • 

ap anced 
mp mencal tab.· and low CfE (< 

0 1 p e are durab ogeneous, ha e 
I "' o O l pp ). One novel idea 
tn\ I i and uppon tru ture from a inglc 
m te • d 

F r d'- a r he r d t de-..eloping tailored pie lectric, 
electr \e n or e t r lo er. high throw acruato that 

pera e e 1 1e I o it nd l v. v.er d1 ·pati n. 

on Lena 
t e, p 

\ II, rpll 
I K One no'­

rele, 

( ) 

·u on de" elopment f material for 
r n• el. ontr liable thermo-optical 
ti 1t • to allov. thermal control o er 

ol • a 1ve thermal blan ·et 1th 
on oll e'.en 10 fli ht b arymg 

m nt d . tirr r (Pnont ) 

· ize preci ion tru ture 
e maller than the 

ble and rid 
tronaut t 

• ding en 
ture t 

tnl, 
a tron 
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Re arch i required to de clop d plo able larg prcci ion pace ttucture or impro ed method 
fi r sembl on-orbit. Both ground and flight te t de elopment program are required. 

( ) Integrated Multi-Purpos tructural Elements (Priority 4) 

Traditional pace tructure provided "rigid" frarnewor for pointing or orientation through 
,eparate control y tern . tilitie , uch as electric power line and onnecting line to thermal 
en r were added extemaJl . 

With the e pected de elopment of major pa f the future, the demand for 
pre 1 10n uppon tructure , upled Y..ith then d to d re weight of reflc o , I d ro the 
e pectation that a ti e and adaptive tructure will be emplo ed e ten i el . Sen itivit of 

tru tural dimen ion to therm I ari uon Y..ill require that m re e ten 1ve nd preci e thermal 
monnoring and control Y..ill n ded. 

The exten 1ve net ri al hne required to pro ide po er nd onrrol logic to a ti e 
member could ma tern \Cf)' comple , hea . and failure-prone. uld therefore 
eem 1mponant to t nique for imbedding power, logi and ·en 1 and actuator 

mt aJ me hether the: e r mdn idual refle gmented 
re tern. T to be e · ten ular element 

e and form connnuou fi i · el)', degree of 1 al 
Id be developed o th t f r an need not be 

ba 10 ne "bram · in the t tern. 

re ample, in te menu nt to to the ite refl tor panel, 
ruator co-with a rat ne t" of conn e r . on · n ·er of 

ured into the rear f et, ~ 1 1 through th p e. 

Te hn I ) 
re 

Ground te t al1d l1 n ,m 
u_e of adapn e tru ture 

o Jar e 
rru ture. 

Depl . bl ,ere ta le tru 
· ntaimn segmented mi 

Ince mned multi-fundi n 
dapti\e tru ·tur.iJ element 

n 

Pred1 t n- r 1t • tnw~..i.r.: 
mon n Jt '> tn1 • n le\el 

Finite elemem 

1th 

_17 

. ·e 
Req uircments 

In ure th t dynarru range o 
a pnve 011 ture n t e ecd 

i r 11 m elmg of non­
luh1 Jar e cru tu 

1 pp 
<0. 

'. thermal 
) pp 
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REPORT OF THE DETECTORS WORKING GROUP 

R. Thompson 

Steward Observatory 
Tucson, Arizona 

W rking group members: S. Collins, P. Hintzen, C. McCreight, L. Robinson, 
H. Schember, B. Wilson, B. Wocxlgare 

Technology Recommendation 
• ot in Order of Priori ) 

1. Develop a nsiti e, visible-blind, high dynamic range det tor stem for \ 
imaging 

i. Emis i e ph to cath 
11. Enhanced readout rare 

iii. Comaminanon c ntrol 

2. Enhan e IR read-noise and d current performan e. pani ularl in the o mot ·cally 
lillp<>rtant um pectral region 

i. Deep urvey . H/o ornega/o 
ii. High resolution speccro copy 

. E tend CCD orman e to honer and longer wa clen 

1. t_; -thinnin enhan emen other m th 
ii. IR gennaruurn - . 

4. In rea e the num r p1 el of all lmly dete t 

Larger monolith 
i1 Mo 

111 C n al plane 

Impr \.C _ITU r ; reje o 

21 
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6 Improve the perf onnan e of fiber opti · in th L <--> IR r gion 

1. Tran nu I n in and IR 
11. f /# pre en. au n 

iii. echani al t ughne . 

7 Pre ne he te hnical abilit> and produ ti n apability 

i. High en ili ll), C 
11. High pert'. nnance IR dete ·t r.. 

1alized detector ; terns 

D el p lov. vibration. Ion -life r - IO nd -60 dete t r tern 

Pr rnm f undin, h uld upp<: n the •ro 
tern 

ed b. ervauonal re ung o 

n 1der the r.i. e o 
purpo e tele · 

Te hnolo~~ 
re 

Darr > 

· detect 

mL 10n tel ope and mgl gen 

Sl'\1. 1ARY TABLE 

urren 
tate t e n 

j JO Ll le 

Ph t th 

mall near-IR arr 

·ev. 
Requiremen 

Radiation hard. _ 
v. velen 

n in it) and d, 
1 1ble lind 

Redu c re· d n d 
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REPORT OF THE SE SING AND CO ROL WORKING GROUP 

D. Tencrclli 

Lockheed 
Palto Alto, California 

Working group members: J. Lesh, M. Levine, J. Rather, G. Sevaston, P. Swanson 
M. Tarengbi, and E. Tubb 

Technology Recommendation 

There v. ere four key recommendations that resulted from the Panel deliberations, namel to 
evaluate the following: (1) Temperature range requirements for the -IR Tele cope; (2) Ground 
te t limitaaons; ( ) Operational efficiency desired; and (4) Potential advantages of A-Focal 
Tele ope Configuration . All four are discussed below. 

( 1) Ernluate the temperatur range requirem nts for -IR telescope: 

ub ystem will have to ustain could very well be the de iding 
1 :ue relati ·e o ti fying all the ientific requiremen with one tele ope. careful evaluation 
\,\ 111 have to made, and the re ult could cry well bow that two tele ope will be needed. Our 
Panel v. a q 1 e on erned about the temperature requirements; however, result of detailed thermal 
:inJ..l) 1 will needed to suppon our fears. 

(_ E"aluate limitation of ground stem t ting: 

Lar e append e • Solar Arrays, High Gain Antennae and pcrturc Doors uch as used on H T 
rarel_ d, ami ally te ted (they were not on HS1). These appendage with their lo fundamental 

d~ namtc e often d.ri e the de ign of the Pointing Control S tern (PC ) . Everything is 
n • nal) L and if a rrustake is made it ma handled in the following ways: 

( ) tern v. ith band · h · ti imilar to HST and c the n · that 
1cc. If proble t durin the orbital phase, hope th t the 
1ed b_ changin the gain t operationally you will be able co \\Or 

m. 

(b) De 1gn PC _ mular to HST, howe er, e e andwidth to 2. Hz (HST i a ut 
0 6 Hz. and t e 

phi n aced, high frcquen 
~, tern that the PCS 1mmedt tel 
· enu. ll. uninterrupt d. • 

\ alu te op r tion I fficien 

will ha in e tigated 

min 10 Hz) P , wh1 h interact wi the 
ilizc the ima e and ience operati n an 

\ tern for the Hubble pace Tele cope (H T) complete O maneuver 
· m 1t1on of the guide t requt.re additional tlme. The De ign Re eren e 



Mi 1 n (DRS) for HST was based on 11 lcws (= 55° in 10 minute ). Thi amount to roughl:> 
tw h urs a day that othcrNisc could used for ience observation . 

o d anced PCS' (compared to HST) can lew chicle in ond and, in addition, intera t 
dire tl with the optical y tern to correct the image when arri ing at then object. The c PCs· 
are m re o tly· howe er if increa ed cientific utilit of the tele pc i required then the t)pe 
of t m mu t be e aluated 

point hould be made on thi subject and it relate to ientific operational 
Spa e Infrared Tele ope Facili (SlRTF) . In therr cments Document, 

uld like to 1 it 100 tar ct in a 24-hour . chieve thi , in all 
a PC will ne ded that can le to targe · d intera, t ·th the 

tern to tabilize the image hen arriving at ea h nev. 

(4 ,aluate the -focal tel cope configuration: 

Patent. (e.g. D. Kor h' m l 75) for A-F al Tele ope onfiguration ppcared in the earl~ to 
mid-1 70' . Sin e then cert.am off- h n developed v. hi h eem to impro e upon th 
original paten . 

al c e i n that the p hainnan (D. J. T · · ntly eva.luatin 
p e b ge · o length 15 percent. For 

f thi n pre c of the p g the tru rural 
a t:Ien o ble - e . i.e. v.e 

do not optimize th al tel up. 

By reducing the tele ope' l th b l in he the fundam c m (e or 
e in value. Thi ill help the Pointing Control and t d 

1 m Sub tern. The ght and moments of inertia o le ii ed · 
e Pointing Control an crural Su terns, and the 1 le -- allo 

delivery of the tele cope to a higher o erm , the Po· trol St tern C 
· b potentially reducm the coup a cur be~ee nta.l vehi le d 'Tl 

and the bandv.1dth o the ontrol m. 

ma • ble o u e ma r: 
e ppen , the to pcrate e 

probabl hel 
a mini.mum 

the E · \\e e requucm nt 
m .th th1 
gh l n er:tia an 
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SUMMARY TABLE 

Cuncnt 
State of the Art 

0.6 Hz bandwidth 
Slew rate-6 deg/min 
(HST) 

cw 
Requirements 

> 10 Hz. interacting with 
optical system. Slew rate 
> 20 dcgrees/minut 
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WORKING GRO P REPORT: LU AR-SPECIFIC IS UES 

J. Burn 

cw Mexico State University 
Las Cruces, cw Mexico 

Worldng group members: K.-M. Chua, B. Davi , J. McGraw, 
ein, and K. i hioka 
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prod . vi y g p rstruc ur~ and opti (ab nt 
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h lon r integration tim and h much 

hi h r diffracti n limited r lu ion ( 0.01-0.001 arc ) imagin tha will be pos-
v appr ach o th driv mechani m may be r quired o achi \. th 

n sary tability in light of h ~ 300.K temp ra ur ,-ariatio and h d 
pr bl m ( .g.. al d and lf-lubrica in b arin - ?). 
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SUMMARY TABLE 
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State of the Art 
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WORKING GROUP REPORT: ORBIT AL- PECIFIC I S E 

Werking group members: 

P. St Janan 

Space Tele ope ience In titut 
Baltimore, Maryland 

B. Collin , . DcCou S. Durrance, 
D. Ma h no and H. Turon n 

During the eneral e ion of the or hop, e eraJ pcaker outlined technical and 
cientifi approaches to future orbiting -Optical- rear-IR ob rvatorie . The or ·ng 

group on Orbiting Missions considered th sc different approach in more detail in an 
ttcmpt to find common technological theme for the Astrotech 21 initiative. In addition, 

we identified major diff'i ,ences in the relati e technological maturity of the e potential 
missions. It i wonhwhile taring t the outset that all th e approa he ouJd benefit 
ub tantially from better definition of the mi SJ0n ob· ti e and m on ideration of the 

focal plane instrumentation. 

Three Mi~ion cenario 

The c:rling group examined three mi sion nari • hich are described briefl belo : 

(1) Pierre Bely described an ob ervatory built around a 6- rn rnonolithi -primary, 
passive! c led tele ope. The optical d 1gn is c scntially a 1 ical Ritchey-Chretian 
two-mirror ~m. with the f, al length cho en to pro id 10-20 micron re olution 
clements in the fi plane. The mi.ro r ouJd be lJgh eighted to , and the figure 
controlled b mechanical mom nts 0Yer m t time ale (10 sccon - I rninu ), u in 

an offset gui tar and a wa cfront en r. To pcnnit adequate pointing pcrfonnan e, ll 

might desirable to u an n e/tiJting n mUTOr 1th frcqu n re p_.r. e in th 
1- lOHz bandpas and controlled from an off t tar in the fi al plan . In order to hie e 
the lo optical emi ivny in the near infrared. th mirrors and the tel ope 1ty ou d 
passive! cooled to appro imately 100 . Thi requirement, the higher oper ung 
efficien , and the dramatical! lower aerotorque argue that the ob crvatory hould be 
d ployed at relatively high orbit (prefcrabl ond geo ynchronou orbu ) For purpo e 
of the rud , the dvan ed L un h tern ( as urned. 

(2) Bill D · d ribcd n a irnil orbi · le pe 
based u n a egmr.nt of the ope and ran eh 10 

a hie e high eanh orbit. , th H or d:> 
p d obtain a total eight th n . 

ant differen e be cen th ob ne rnented · 
U\.e fitrJre control m the . 1SFC tud F 1gn 1 upon th 
o . and the choice reflect 1milar con cm over c1 ht the matunt of 

2 1 
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manufacturing lightweighted m nolith of the required accuracy. One of the consequences 
f the choice of gment 1 more ti e control of the primary mirror and po ibl. a 4-

mirror optical tern to permu a quare wa\efront correction at an interme.d.iatc pupil. 

( ) Da id M ier de nbed the Fill d nn Fizeau Telescope (FFT) or a Mills Cross 
interferometer of Om d1 meter. Thi d ign i an outgrowth of the JPL interferometer 
studie and repre ent an int nnedi te rep between a filled aperture tcle ope and an 
interferometer w11h low filling fa tor. Li ·e the filled-aperture t le cope , the FFr's 

pnmum dept ment m1 ht 10 high eanh it. nl e the filled- perture tele o , the 
FFf i de ign d t d ploy to it full d.Jam ter fter launch; and the laun h configuration is 

ith the huule C hroud diameter. Th fill Cros de ign create an image 
point pread fun tion (PSF) -wh1 h al re mble ro . While only a mall fraction of 
th light i c n entrat d 10 the central core f the PSF, much of the remaining light is 
pread into ry narro arm of appro imatel 0.2 arc ec length and 0.007 arc 
ngular width. Thi ima e 1 ben r defined than than the image from the urrent HST or 

m re open int rferometer The re ult , as ho n by e:icten ive simulation , arc ttcr faint 
bJect en ifr.,it th n an int rferomerer and uperior re olution than a mailer diameter 

monolith/ gmented mirr rd 1 n. Funher 1gn and mi 100 tu e o be required 
before H tear th I th1 1 n 1 the rre t path for u c rr to HST. ObV10u 
m, 10 de i n el ment are te h ht b fhn and the abilit) to or ·th p 1 e 

Ling t redu ~e em i · i i • • in the mid infrared 

ommon El m nt 

The three propo ed de 1 n embr ed 
the h \e 1mponant imph ation for the 
th, n n. 

(I) \\'a n th 
~rate from the Mg 

tele ope pn 
10n a 

manu f 
me 1 

• tern de 

eral common element 
trotcch 21 initi:ui e, the 

prions. SUlCC 
ummarizcd in 

n a ume that t l"\. tory o ld 
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· · he z ancrin and 
um ~ t the qu 

enc altitude, and 
for imp 
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o table en nmen 
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(3) Science Instruments: All three ob rvatorie hare the 114-1000 nm bandpass and 
emphasize the need for sensitive, large array detector fonnat . The technologies for tbcsc 
array appear to be almo t in-hand, although more consideration for co mic ray 
identification and rejection i needed. The two filled-apenure de ign , whi h exploit the I­
micron region, will require advance in IR array performance and ize to be limited by the 
zodiacal light in imaging and have adequate en itivity in for moderate resolution 
pectroscopy in thi regime. In tlli regard the IR detc tors mu t be operated in uch a 

"'a. to permit adequate co mic ra rcj tion. 

Evaluation of the M' ion cenario Maturit 

The wor · ng group categorized the three de ign mi ion in term of the maturi of the 
required technologie as defined m the work hop. The following ey w u ed: 

the mt ion. 
required. 

, e technolog_ or pab1l1t \\h1ch 1 e ntial to the ientific u cc of 
long-term de elopmem ( . e or m r ) d eloprnenc program ould 

B: urrentl e olvin t hnolo or 
the m1 10n. hon-term developm nt __ ye 
required fore a mt ion could go to Pha A/B. 

: Either an e i ting te hnolo or capab1ht 
progrc 1 currentl) being made to uppon a P 

ential to suc~ss of 
board would 

in \\h1ch ati 

n area "h1ch require m re tud fore the t hnolo I al tatu 1 clear. 
GeneraJI) the e "ere are v. here en rn ntical element had n t en ddre d m the 
\\Or: hop. 

The follov. ing ta le md1 ate the in up alu ti n. 

.1I IO.': 

6-8m \-1 n lith \1111 

8 B B 
8/ 
8 B 8-mr 8 

ture :\ 
B 

1,-,- .4. 
.10.11, 1 
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1 De ired urfa e ura at l K hould demon trated in a large lightweighted 
mirr r. 

) The intera n n between the pacecraft and the opri al a mbl mu t be tud1ed, 
inclu m a ti e tip/tilt of the ondary. 

Hi h performan e IR arra required, techniqu mu c d to deal with 
co mi ra b kground. 

4) a efront en mg technique mu t be demon rrated. 
adju-unent mu t run at l 

) n dvan d. h ·-hft laun h veh1 le mu t be e\el pe.d t p \lde deplo., ment in hi h 

ht egmen hould mdied. 
1ru t d join mu t be developed t up n the u e mirror 

1 ) . 

egment en in- at the required en ttivity ( 10nm R. 1 de el ped and 
operated at 1 K nd 10 Hz. 

) ployment J • um ·1e- t I ITU ron a cur ie of C I Lo CfE maten I mu ·t 
de\ el ped f r lru\.: tural mem r . 

10) ub-nulh mnng a ura.::y and imiJar \e m a ura ) u ing C 1/l . er 
metr devel ped and proven u m.::- n n-orbit te t d 

11 l mple mtmg nrrol inte n n ill require t n I\ e 1mulari n. 
1-) Effecti\e tudied. m ludin th e ""e · · ttered light and thermaJ 

em1 · 1 n. 

T chnol } R comm ndation 

the oil win te hnologie be developed or 
rogram: 

(l) e ement an p hd. • led I en u._h ~ r near IR 
11 ) 

l- Demon lar e li hrne1_:,ht 
limited urfa e -~ur.i ) 

en ir nm nt. 

<. l \ icbte the e hnique ~ hi ·h urrentJ) appe r the n 
en 1 d: 1.e.. un ture en in.; 

(_ Dem n rrace that the inte ti n 
tip ilt ndary with a 

K 

a p pn te r w efr nt 

llh u -ITU n ' Ur.lC) t 
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ompatiblc with the required u milliarcsccond pointing tability. If not. these 

mi ion may require ti e trueturc (t increase their eff ecti e tiffne .) 

(6 Develop high performance IR a.rra t used in a high cosmic ra bac ground 

(7 Demon trate technique for th rejecn n of osmic ray with CD-type arra 

( Demon trate that the mas and ize of the proposed filled a rture mi 100 i 
compatible with the laun hing apabih to HE current! envi ged for the ne t 

decade 

(9) Demon trate that deployable diluted aperture ncept are c mpatible w1th long erm 
tabilit and high pointing cura ; . alidate ncept u ing an on-orbit te t 
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WORKSHO PROCEEDINGS: 
TECHNOLOOIES FOR LARGE FILLED-APER11JRE TELESCOPES SPACE 

PANEL MEMBERS: 

p L DIC IO 

ROOER GEL (Steward Observat cry) 
JIM CUTrS (Jet Propulsion Laboratory) 
GARTI-1 ILl... GWORTI-1 (Li k Observat ) 
MIKE KAP ASA Headquarters) 
MAX rE arshall Space Flight Center) 
PETER T~~--·~·~.. ( pace Telescope Scien In titute 
DOME I TENERELLI .kheed) 
RODGER TI-IOMPSO (S ard Observatory 
BE AD Jet Propulsion Laborat ) 

. ILL G ORTI-1: I' e m d up two headings, on I call Top Ten and th oth r I all 
Top Ten Te hnology Demon tration . be we could pla e the eh U th m OUL Just to 

et thing taned, I "-TOte down a couple of thing hich came out at ·ou poin during the 
or hop. Thi que tion of monolithi gmented mirror and then the que tion of th 

num ope . But I i ussion we uld range over mo c an of 
e' heard a w get to fill all of the e out. We ha c heard the 

· n o o an i to ther. · ) r e to get orne input 
t 1 e on ople the mo that ou feel e need 

n o ·oul e mm fro "-,th regard to this. If ou 
out on on and maybe ju or a int, I' e the one. 

about tele c h cry br and and basicaJI ryth · U 
d tt' ar me ch nging technical on ts on tern. 
the en we thought about this pli re might do a 

u l c r clear th t thi a reasonable do If there are 
rom an. . , uld be ilhng to hear th m fe minute 
I . 

D. TE rERELLI: lain that a ain? l 

ILU 'GWORTI-1. 

R 'GEL tuall}. 1 u r o. i it on , r i it three. 

IL \\ ORTH: I thin fr o pra n ht .. Ro er 
le\e). o ut three t 

o n. h 
ber of pr 
end f th 

th ugge ted three'> 

he ould top t th t o 
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GEL: I gues , just tw thing . One i , what is th temperature range tht t the variou 

n l y tern , tructure , and damping y tern ha e to operate o er? If you're talking abcut 
na.rro range, then it makes a ignifi ant difference whether you ha e one or two telescopes. It 
al 1: .1 nificant for the power requirement , becau e if you're talking about narrow range of 
rem rnture control with maybe larg h ter tern required • that' a paradox. you have here. If I 
allo\\ 1 ie variation in the temperature, then I probabl minimize my po er requirements. And 

hat that mean? Jt get to th ize of the lar array. Then, if I have a mailer array -

0 (?): Well, maybe I an an er th1 fair!, quickly, then e'll e what anybody el 
. a . The ba eline v1e\\, I thin . en that we are going to a I \\ t mper cure operation 

will continue to operate at tha p int If for any rea on, it ha to it through wid 
r ture fluctuation , then it' probably impra tical tom ea u able t le cope at a different 

tern ature, on that ha high opti al p rfonnanc . So on the 1oon, f; r e ample, the ie 
de\. I ped that it wa a nighttime ob nat on! and in the da u ba i ally prot tit For the 
high e,irth orbit one, the vie has al a been that you bring it to ·our operating temperature and 
ihat' a ically in the vicinity of l °K h tever we can reach. Lo er if po ible. But, in fact. 
the operating range w uld be quite small. ' , thi point a brou ht up b the other group, but 
I thin my gut reaction i that it an mcredible le el of complexit to the thermal and tru turaJ 
ontrol tern and unle we arc dn en to that for ome reas n, I would mu h prefer to ta) 

in th regime of a ingle temperarure operation. The number that \\e' e orked m ground-b d 
tel pc , the temperature han 1 ~ 0° C and the d It ourput i 10- . u get abo 1 a tenth of 

. ond imag , o even ·hen 're thi ·ng a ut the infrared, the temperature range can't 
than 0°C. So 1f you let it \. b: a f tor of 20°K from 0° co 100° u' in rea in 

·our b ground b almo t t ·o orde of magnitude. And o tabilit) i gom to be cry 
imp rt nt for operation in that re ime. I don't thin a -opti al tele cope can urvive 
temperature ariation becau e o fi re han e or an infrared tel ope an urvi e temperature 

ari ti n becau e of fluctu tin b ground. o they are both ing co ha e to have a control 
: t m that e tabli he the op ical elemen th tare en by the det ·t at a con tam temperature. 

Thi mean me a ti e thermal control. I would thin . \J e ju t an 't let it pa ive ) ume an, 
temperature it ill d . e hav to help it to maintain a con cant tern rarure. 

ant to onrrol the temperature, let u a to +/-2°C. 
emperature you are goi tabli ha our nominal temperature, then that d fine th 
uirement. That po er then i o e f tor that ize • our . If I 
at range of temperature o ing th ope to operate at the em: 
uir me hi h m a mailer w hi h mean then I h \.-e 
on e;n a potennal from an appendage ' tern. So now y u '\-

a ery aramecer e temperature range, be au e no it al an e 
• f control m o )OU have, let' ay, gmenc opti 

O ·: I , ::,h, one of the a umptt n goin in to th1 · 
panel er e, ut t pra ucal. It nee 
level eth al, gi ·en the pointing and so on, bu 

t away from a I t prob! m v.1th the appendage . 

G Il..L • 'G ORTI-1: The Jar arra; 

' 
11D NTIFIED). e.ih, fr m th arr 

R. 11-l 

GI 

0~ : _ are y u oin to u 

ORTH?. e. 

p n 1 '! 

e ould U) to 
u1r .. --. ..... d t 

an do th 



. ~ PLA : What doe that mean'. 

D-8 41 

4 

G. ILLJ 'G ORTH: Ir mean 1hat I.he. lar pan I are m unted on the 1d of the pa ecraft nd 
) u keep tha1 ide of th pa raft po1med to the un, there will be hot ide and a cold 

u u 1he other 1de a· ur radiating 1de. 

· If it were, for in tan ur that an -meter mirror would be no bener in the ' 
r mirror, a , then cle· you might actuall do better in 1enn of resolu1ion in the 

wtth a mailer mirror and of cour y u get a dedicated mi ion m 1milarly high orbit. 
Even f; r a omewhat mailer apenure, )OU might actual!} get m re ien e. becau e •ou could 
opttmize for the and it ouldn't ~haring its nme. nd influen mg 1he Hubble pa e 
tele,' p now i the cience mana ement bu ine . haring ur 11me bet een ultra 101 t 
pe t ·cop . opti al imaging and ·o forth. There I el"} little parallel 1en e going on and 

b i all ca h of I.he m trument geL hare E Cr) n t:-et th ir _h e of the pie 

n the op11 1de the a umption 1 then if "'e are going 10 run a UV 
· diffra n n ltmued 

PL , •. Right. what I mean. 1 th t tf it v.ere de 1ded for m rea on. loo ·in into the 
logy. l.h t tha1 w nor fea tble 

(l,;. 'IDE, rTIFIED). But on the d e or· all the ume . ag 
independent o penure, )Cl man, \\ant to build d more 
one of them. Bur the) all e e · n ) at 1h1 
gom -meter t o , or th 
go, from _ m n 'e do I e 
v.-here v.-e've decided or one r her I ral purp 
you JU t ept \\h 1 ;ou can qu lt} ltm11e 
nanometers nd hon of tha1. y e imag _ 1 · not di 
ltnlited. 

• • • • 
Ill be · d _ year ter he Hu 

rea n n t e II di n hnmed t. 

• • • • 
b ,f 1he v.a elen th t 
er un, to be ure 1h;.i1 _. ued dn e C'-Cf) par 

d pain men mt I I • • a abl» 1 a rd 

G. ILU' • • • • • • • • ,. • .. 
• • 

• • • • • • 
• • • 

• 
•• 

te 
abl 
\-C 
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• • • 
n ta 
1ele 
1ele 
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(l' IFIEDt If y u are g ing 1 • tn 1l at m temperature, h ·e H T. then .ou don't 
ha rry a ut that 1g them1al m 

IL WORTH: The i a · - me up quite fcen about the alue of 
h,n mg wideband · . e re ation at a wide range dJfferent "'a clcngths 

que tion nt ch n a well o er that range h i n thing 
d from r nd. The of that i that you pu h to the s well. 
at ma not be the optimu a te hm al point of\ 1ew, but cem i 
run the n when • u . pl that It ultimate I. 1 t ucnoal 

, wh1 h 1 n I good On d ha\e 'GSTl and n f her 
e road The) ma · ha e re to ether, but whe I a e ocher 

tn ch r wa\eb nd . t m of · t 
v. ith n~ nunatel w u t une . 
I ull a b1a -IR But I \I.O 

ment 1 

lt! phi e· e had with the gre atOJ) program, m 
ha ·mg t billl) th at the t m tm1e. r thin 

\ 1dence the n t t a n a in l e ma e 
1e . then \q~·\e seen a d we pi · other 
d Put the . r "ene Id de 

Jn e · that ha ill 
JU 1111 • Jl 11 

and that 1 

but that 1 

But. he) !Old 
B_ the 11me e ~e 
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!RTF. H T 
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ing 10 

Id 
ether v.here 1 

ILLI 'G\.\ OR !RTF goe in a a . 
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. pu htn 1 then. then it ha t That 

the 1a ·e w uld ha it 
w h w he appropriauo wh1 

tall F. and GPB - u' e a 

J L 

ILL!. \\ RTH· Rteh 

ra1 e an ther p i to th 

I do. but m)- imp 
I tn at thee _ 

n 
in 



4 
it n w. We're in the procc now of laying out a technology development program; let's put our 
oar in the water and ay we would like to ha c servicing options for these mi ions becau it 
would mak the c mi sions more compelling. We could fly them longer, we could change out 
in trument , we could do limited repairs. That' the rationale they need to have an aggres i e 
ervicing telerobotic technology program, whi h may or may not provide what we need in the 

furor but if we don t say it now, we're not going to get it One more point: it' not to sa that 
we wiJI servi tho missions, but if we don't sa that we'd like to have the option, we'll never 
ha e it. 

( DE TIFlED): It could be very expensive to respond to. The HST nearly doubled in co t 
be au e of rvicing. It as deployed from the shuttle, and it had be serviced from the hunle . 

. K PLA '(?): I hear hat you're aying, but if wed n't at lea t mention it as an option no\\, 
v.e ·re ne\er oing t ha e iL What ould we do v.ith HST now if it wasn't serviceable? 

( 1 IDE. ;TIFIED : If it' going to make the job of selling a big tele cope ea ier. People in 
Congre are oing t as you: the last one, you screwed up with the optics but you bad the 
ervi ing and ou were able to fix it. ow you re going to build a telc ope that' 3 to 4 time i 

diameter, it' going to co t more, and you're telling us that you guarant us you're going to get it 
right and you' ne er going to need -

DE. ;TIFIED): ou build it right and you 
point. 

e sure that ou build it right. That's the ·bole 

J. C TI : lf I an m ea point here, what we need is a study. 

(UNID E. ;-f1FIED ): Right 

J. C 'TI · nd I th. it' a study -

( ·. IDE. ;TIFIED): e're not going to ans~er that here -

J. C TIS(?)· But it' something we real! should scriou J undertake. We have been going into 
thi with me prejudices au eon the Earth the trade-off tween a specialized IR telescope and 
a i iblc tele cope i not o extreme. en you go to space, the differen e , the cost of 
performance tradeoff , I are much larger and I thiJ that · d of inve tigation reall needs to 
bed ne .. ta.· V,,e an e that a pan of the list o recommendation . 

G. ILU. ·GwORTI-I: nd e hould move on, t< • e don't ant to spend a lot of time on one 
1 ue. b t . 1 h en tryin to ay something for a linle hile. 

~ . I.·. I JU wanted to come bac to one poinL I · scgre ting the telescopes on the 
of temperat e that )OU a hie c or don't t to chic e .... at least on the lunars a e 

I d v..n o rapid!) that e\en if the telescope is de igned to operate at a pecific tempera 
will ttain I _Q degree an wa whether you V,,ant it to or not becau of all tbi radiation o 
ront and t e lunar urfa e 1 e tremely cold o it seems to me you have to li e ·ith ve 

temperature e en v. 1th a ' tele ope. 

{C IDE. :TIFIED>: e . \' u'rc nght. 

. ·rnE. rnFIED): - ~ r the . 1 n -

<L'. 'IDE. :TIFIED>. R.J ht, rn arth or 1t it' different u u' eg tth un-
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G. IL I GWORTI-1: Yeah, you do have the option of running it hot r cold in orbit. So we have 
the rvi i.ng i ue. There' the two eparatc telescopes where I think I read the consen u being 
for mo ·tng toward two separate tele ope . I there anybcxi that has a trong disagreement with 
that. 

._._..~~• : ... the group prejudice i that e probably can't afford it. I think we'll be bener off 
1fying the honest wa elength at which it' diffraction limited, and it ma require some 

ffon t find out what that wavelength is and what can we afford. And I don't yet buy the 
thermal gument I mean e're not running it at 2° Kelvin. Those thing are going \\O at 1 ° 
Kel ·n d tabilizing the temperature seems · e it' equally important to ai hie e opucal quali 
to ontrol th emi sivity o you re going to do that for either tele pc. 

ORTH. gain I gu that ha ing identified an i ue, . u might ant to tan out on 
a t\\O t le ope path at ome 1 el, but also eep in mind that ·ou m be forced into one and we 

ant t m th po 1tion to maximize the range with which e utiliLe one teles ope. And so 
ha in tarted out on a path of two, e don't ant to in the position that if i turn out that one 
l impractical, you just drop one of them and you 're left with the other. You d r e the option 
toe pand the remaining one hich mean that in the tudy that deal with thi i ue it need to 
1 at the capabilitie of one broadband tele ope and the limitation and the tradeoffs. nd 
a tuall~ that w an item that' en di u sed fore a well, in meeting 1 t year. 

D · ea que_tio ut · · u we reall · g a ut two eparate tele cope 
o tele ope ,e ferent ? Or are Y.e tal ·ng about two 

in arallel trac al , me i lly th arne but the • ha e 
cliffe anai bed? · co g in that laner -

G. ILL! 'G ORTII: I thi that pro bly is the afer basehne po 1u n to go in: one. there's two 
tele ope here ou can dra list of man of the common elemen - y u ha\e to de clop for the 
tn.1 and upport le el. The in trumcnts v.ill different but the 1 onfiguration will be 

th sam . a then •ou will find at some int you're dri en awa · from chat for othCT reason . 

D MEIER: It's also po ible ·ou -will find that may one could do the job after all ... 

G. ILL! 'G ORTII: I thi th1 ne er h d a tud 
done and it ne ·r. That \\a l b up in all th n l t }ear. Thi 

men ton land infonnauon. We 
pe o it throug riou tud p t i . Then, at 
in tter n. If 11 rum out it's double th of them then vou 

re not rn a po of lling it. If there are g o made,- we 
mu h mo ad anta co inon. 

IED): There perhap nother point of vie m ht th 
tud ing optio for SIRTF. c one pomt one tud} no 

pe to et five ye of !if earn mi ht to laun h two tele ope 
of life e after the other. 

1 thi th "d ration n 
e in min • 1-1 - to .. 

m 1 ter 
oped pen 

on mi ht 
d that the 
-1 _ year 



lacement in trument 
don't fa tor in launch co 

it the program, it· a 5 t I 

million in trument . They're prett · ·mall by comparison 
in the u ual wa bu ine i done. But in fa t in terms of what 
level 

PLA : I a going to a Harle_ if the infrared Lele cope that "'e 're Lal mg about I a 
u_per Edison? 

H. 11--IRO. SO : In part, of ou The primary differen e between Edi n and this 1 that we 
thin that some tructural differen , m e phi ticated larger area radiat .• more hielding and 

on an get Edi n colder than the e ind of temperature that you 're talkm a ut here. 

?): But 1f we dec1d 
at a 5 meters, "'h1 

parate infrared in trum nt , m , be n IR m trument 
11 half an order of m nitude ·tter than IRTF a far 

IDE. IFIED): There are a num r f people that I kno"' that 1f the)' decided to o to t o 
tele pe . then they would nae h up the inf rared tele op . , ta)' argue that it hould about 
half th ize of what we're talking uc ere. 

M. · PLA ?): So in other v.ord . the in "rared in trument ma a -meter la oppo to 
an meter v.hich ould ma be drop the n e lutle bit. 

G. LLLI 'GWORTH: M y . but I thin e 1ntenm > of the pr . d g with 
are re lution lirruted and in the mf re ur re n e length 
and 1t' big factor. ou're u n i cf f ·p1call) 
deal H T. o e're "'or 3 n th a m on the 

o diameter i m re · e IR than i f . 

NIDENTIFIED): You· 
an order of magnitude mo 
rmcr n . an once· le 
going on n . e' 

pro 1. le e. ir 
a er tel ope _ f 

G. ILL!. 'G ORTH: That uld ell 
dom.. at 

ome t ·me )e terd y tha 10 

the p n) ma hme _ t at _ 
o of magnitude m n at 

r o nitude en iti it) ,mpro"ement !read_ 
. the infrared ommunit), to u h r meter, 1f "'e 
fea i le to get a meter tele pe. 

e. u1 I thin at th1 ta e it' a ht le prem ure t be 

an I thr w up n th t' de e 
u 1 ~n 
t e h I 

m n 
o m 
n e 

ha 
IZ 

th _ 
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IDE. TIFIED): I have a totall} different t p1 ·. 

II LL 'G 'ORTH ~'rfa) be we . h uld JU. t ·ee if there are re pon 
ott t II an ther t p1 . . 11 e, did } u ha e one. 

int bef re ""ego 

M. "RIM. 'eah. I reall, thin a lot f the te hn lo y th t we need to develop i going to depend 
o unch vehicle we 're goin t f ed v. ith. I ju t ha-..e 1h1. gnawing feeling that 
r ·r 0111g to build the large cele · ope that we an fl) prebuilt, prea embled, 

t 1 hroud a atlable and it would I thin er in tructi e and ery 
imp nant t cry and ~et mete lament of firmne~ on v. hat.1ze h ud i. ing to a ail le in 
th l ra. J hate plannin 10-meter tele ope. and ud enly find them tum o t to 
.h 

1 I.... \PL _ in opti al d u "d a ten people and 
} u ma_ ge r. I c;iin them re im t e that if we wan to 

trument. then \.\C ma} ve el de that we need a 10-
m · u ne f the re ·omm nd u a up m th1 or h p Put 

P. 
h1 
Oll 

, 1 K \PL 
bet\.,een 

(L' ID 
v. h, t • 

H did 

a n let them re t to It 

Th t ertainl) wa.· the point o the r It I r ·ing roup. That their 
n me d ti n. hi. larger hroud. m re laun hmg 1!11:y That ju t m e all of thi 

le I )Oud n'tha,ethat.you·remtoa,e11 d,an edte hnology. 

·au e there are tud1e g in on caning n t nov. 
the ne generati n laun h vehi le . o tht 

n \.\ a I h in t I" he t · ti n ince t · f r 
t - ·· g. new I u 1e e fatten at' 
1 f r variou ut at t e brin ether 

. we're doi ... or future H ilit, -

v. e need I 0-m roud and \.\ e need n , the 're 
·re going t putt r p o ha e ift laun 
t 1p hate\.er thi '" v.e1 

n eded · m . I . but 
e I pla m hi l in 
,ear:-., h 1d 
i°nute huma ~ 

I nl h 
)' 

in to 
ehi le 
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R THO P O 1

• r ha e to lea e in a uple of minur if there' a comment a ut detecto ? 

CHREIER: 1. qu tion i m t rele anc to that. One of the thing thac ha not been dealt 
uh at all i the darn rate and information tern a pect, and I'd rcque t all of the panel in 

wriang up their final repon to include here you chink there hould be ne technology in the 
area of data compre ion and data cran mi ion. There' been thi hole trotech acti i on 
information y tern with a repon on the erge of coming out hich tended to be a very large grab 
bag of different ind of technolog)- and different ways of doin operation and data ystem rn 
, pa e and, in fa t, It too · a mu h larger tern approa h than m t f the di u ion that we' e 
had in th l t two day . However. I thin there could be a lot of ben fit to ei ing me priori tie 
t) th thing • and thi m1 ion " uld a very g driver. One thin I heard here i large aJe 
m eling and imulauon effort . ou all ought to thin about that and pu them into the repon 
th.u \\C an merge thac inc the mi rmaa n ) t m report and try to hannel thac pie e of trocech 
in the right dtrecn n 

ORTH: Let me · }OU, "here do high p rf nnance radiation hardened 
faJJ in all ch1. ? I chac de le v,,1th in information r m or ? 

HREIER: Yeah. there v,,ere re ommendation in there, ur -

J. · T ri hr. There 
\\ dera n ~1, en t pr 

troL _ ure ·onrrol. 

t\ e are . high peed pr ·e ror v,,a on o them nd there 
r ~ r upporting both the en and al o th1 bu ine of 

!l 'IDE. 'TIFIED · o 1t' there -

J L'TT rt o a pl e holder r th c in the plan. 
demand that ""111 pla ed on tho e pr e 

at' ma be la ere ..ie the 

E CHREIER Garth, ) u·re going to ha e ma i el parallel ar h11 ture long fore thi 
tele ope e ·er fl, o the omputer requ1remen are n t going to appear the e the~ do to u 
00\\ 

H. PP ou ma; n t h e m . J\el parallel proce or in pa e fo thi fhe . ou a_ 
y u·re"' in t need hem 

HREJ R 
1 

: Th II enainl e 1 t 'h cher ou ·11 want c put them in pa e. I thin will 
c n ht n "' a m uer of fa r. 

L IOE TJFJ D : The r blem i. ,ery h dened y tern and -

L ID 'TIFl D : ell. the m1li1af). ur e. 1. mtere ted in that • 

L ID . TIFIEO. Ye . I thin .. u're ri"'ht. 

L IDE. 'TI D e. 're 

T There m1cht 
e th t' pr I) 

ne into th t. 

l)ing t 
re 1 n 

ner, It , n 
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tan invc · · g the technology ncce sary for p ntcd tele ope together 

nd 1f y e 're not going to ha e egmentcd re pre urning a laun h 
pability, w 're aying i it' g ing to be the I chicle we ha c. 

P. TOCKMAN: The evolution, to ome extent i in two pan. One· gmented and the other i 
d pl blc and you can't hav gmcnted without a deployable y t m. It may be that even if ·ou 

uld launch a l 0-meter t le ope, you d probabl want that gmen d. 

J. EL O : On the ground, in gen ral, mete i t e re around the limit for 
in le filled ape . In th ~ of the YL T and Col um bu n then i to go Wlth the 

· m · m be that, o your premi e t:1 etime going to go to 
ted te n t n ·1y true. We ma., find that n g beyond that into 

e 

J. :-rT (.): Doe·th t ppl .. in pa e? 

J .• ffiL 0, (?): On th ground, it' imply that th 
nure i not all that great om pared tom · ng arra 

R. . 'GEL: Definit l_ med bate a ut that point. 

1enufi 
y tern. 

e of going to a bigger in le 

: Gi en e 're ming that e do ha"e 
la e envelope th o te he · : egmented an 
m irr t u r u h · fferen e there are 

a n t e - d implemcnration . 
1 h a e ground. Perhap there 

e of th r e o ue that ome up if )O 
the l'd be inte mment on thaL 

R. , 'GEL: to come ba to the opoc 
of the ear ·e th tat the end of 

tele ope. It give a 
thi tud l 

opment . I e 
be. nd ne o 



D-8 541 
4 

even more than two tele ope because I feel there are hug 
econ m1e . . 'earl e e thing ) u p nd mone on i learning how to do 1t and that ma.king 
another ne hard! ost an thin even though the companie will try to harge you a lot. Keck II 
will t and charge you the ame a Ke I, but in fact the repeat don't co t you nearly a much a 
the ginal de elopmem. 

( IDENTIFIED): The argument for going toward throw a a . I feel, i ve trong. 

( IDE IED : eh veto ee ome reali tic rudie . I thin· I ee ome nodding around the 
Ii m. 

IDENTIFIED): I'd JU l Ii e t mention a the multipl on epc, wha ha\.e 
found in me of the \.\Or· 1 that there are on i rabl . . o wht: ee 
om of the co t ing are the i e el oni milar from le to 

, then the problem t u have with de gnin ng and te ti la 
on that fir t chicle. 1 I te t .. ou 've gone throu h all the proble the 
hi le, and you 're able to d t g through tern le el te t m a much m re effi ient 

manner. 

( NIDENTlFIED): I n enainl) lie ·e thaL 

·e ·re at a point in ur progr m ph1lo oph) \1. here the de de ft om .. 
th de of the mode 10 . • 'o\\ the moderate m ) 
h lli n d 11 hi mt 1l hon dollar b\. e ·re 
lo 1 that thi th o he r t m1. 1On - m to 

at. gh there ma} be t e en th t might bene the 
ter te m1 ion fimng into t, e n that the ubmilltmeter m erate 

mi ion ~op elop J lou . the) ma f h their mi 1On bran ed the 
precur or ne t en era ti on pa e tele cop . e' hat epu n th t thi. 1 n longer a 

crate mi I n. It' a percept10n problem. 

E. D F R. H P 

24 
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