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Editorial Up and Running

Elizab eth Gri�n, HIA/D A O, Canada (elizab eth.gri�n@nr c.gc.c a)

W elcome to another SCAN-IT Newsletter! I am ashamed to think that three full y ears ha v e

passed since the last one (whic h w as brough t out to coincide with the 2006 IA U Gener al As-

sembly in Prague), but if an y individual has felt the burning need to announce things at more

frequen t in terv als, s/he could alw a ys tak e o v er the Editorship from me!

While there certainly ar e items of great imp ort and in terest to b e circulated to the PDPP group,

this kind of medium ma y not b e the most e�cien t. Latex w as originally prop osed as a lo w est

common denominator, since that is what most Journals require to publish pap ers, and our

comm unit y is broadly spread b oth in geograph y and in tec hnology . I b eliev e it could no w serv e

the PDPP b etter if the Newsletter b ecame more lik e a Wiki: an in teractiv e W eb-site where one

can place one's o wn articles in whatev er format, and where discussions can b e pursued in real

time. It w ould ob viate the need for �ddly con v ersions from *.do c to Latex, or *.jp eg �les to

*.eps ones. Access to a Wiki w ould of course b e login/passw ord restricted. With a Wiki w e

could also main tain a reference list of pap ers that mak e use of photographic observ ations.

Despite SCAN-IT's silence, a lot HAS b een happ ening, as this Newsletter re
ects. New pro jects

are up and running (I could equally w ell ha v e said \aliv e and kic king", but it is someho w the

wrong epithet!). Since 2006, North Americans ha v e designated P ARI (the Pisgah Astronomical

Researc h Institute in North Carolina) as the `ultimate' plate rep ository for N American plates;

a W orkshop to discuss issues related to that decision w as held at P ARI in 2007, and a census of

plates in N American observ atories w as carried out in 2008. The W orkshop established at P ARI

the Astr onomic al Photo gr aphic Data A r chive (APD A), whic h has b een accum ulating plates as

and when observ atories wish to relinquish them. The APD A is also the proud new o wner of the

t w o GAMMA PDS mac hines from STScI, one of whic h is again in w orking order and needs but

money to upgrade it so that scanning of the APD A holdings can commence. This is Progress!

On the sp ectroscopic fron t, the Sp e ctr osc opic Virtual Observatory (SV O) at the D A O in Canada

has tak en a ma jor stride to w ards realization, with the commencemen t of a Scanning Service.

Presen tly w orking under the auspices of the Canadian c harit y ( World Sp e ctr a Heritage ), whic h

is a gran t-handling in terface, the SV O can en tertain requests to digitize either plates from its

o wn arc hiv e or ones sen t from elsewhere. A negotiable fee is presen tly ask ed of customers, but

as the Service gro ws in p opularit y it is hop ed that the costs of the service will b e absorb ed b y

the Observ atory itself. The service creates 1-D sp ectra, calibrated in in tensit y and w a v elength,

normalized, and deliv ered as FITS �les with the reference arcs. The sp ectra will also b e placed

in the public domain via the CADC, though resp ecting a proprietary p erio d for the In v estigator

if required. This, to o, is Progress!

Not ev erything is going w ell. Some pro jects ha v e had their funding cut bac k just when they

needed to b e completed, or put in to op erational mo de. That is an exceedingly frustrating

situation, to whic h the only constructiv e resp onse is \P ersev ere". Ev en the Harv ard scanner

(D ASCH), whose dev elopmen t and initial p erformance w ere highly acclaimed, is b eing c hal-

lenged to fund the programme for whic h it w as built. In an y funding request w e need to

emphasize that these scanning programmes are not draining, on-going costs for ev er; the plates

to b e digitized need only b e digitized once { pro vided, of course, that the digitization is as

comprehensiv e and error-free as can b e managed!
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The P ARI W orkshop

Wayne Osb orn, Centr al Michigan University (Wayne.Osb orn@cmich.e du)

A t w o-da y W orkshop dev oted to discussions of ho w to ensure preserv ation of astronomical

photographic plates lo cated in North America w as held No v em b er 1-3, 2007 at the Pisgah As-

tronomical Researc h Institute (P ARI) in Rosman, North Carolina, U.S.A. P ARI had previously

b een iden ti�ed as p oten tially an excellen t site for an arc hiv e for plates that can no longer b e

adequately stored at their original institutions. The W orkshop lo cation therefore ga v e the par-

ticipan ts, most of whom w ere not familiar with P ARI and its facilities, an opp ortunit y to see

and ev aluate critically its suitabilit y as a plate rep ository and arc hiv e.

Thirt y-t w o p eople, represen ting di�eren t p ersp ectiv es of the imp ortance of preserving astronom-

ical plates, to ok part in the W orkshop. They included astronomers who mak e use of arc hiv ed

photographic data in their researc h, arc hivists and librarians who are in c harge of plate collec-

tions, mem b ers of teams engaged in plate digitization pro jects, and individuals represen ting t w o

groups with sp eci�c in terest in plate preserv ation: the IA U's T ask F orce for the Preserv ation and

Digitization of Photographic Plates (PDPP) and the American Astronomical So ciet y's W orking

Group on the Preserv ation of Astronomical Heritage (W GP AH). The participan ts w ere from

sixteen institutions in the USA and Canada and four in Europ e (Bulgaria, the Czec h Republic,

Italy , and the United Kingdom).

After starting with a tour of the P ARI facilities, the W orkshop held a series of one- to t w o-hour

discussions, eac h fo cusing on a question relating to the cen tral topic of ho w to handle astro-

nomical plate collection in North America. These sessions w ere not a series of presen tations,

but spirited debates in a round-table format. The eigh t questions w ere:

1. What is the curren t situation, i.e. where are the signi�can t collections of photographic

data in North America?

2. Wh y are astronomical photographic records w orth preserving?

3. What should b e the priorities for arc hiving?

4. What can b e learned from other plate-preserv ation initiativ es?

5. Ho w should a plate-preserv ation initiativ e b e supp orted?

6. Can P ARI b e recognized as the national photographic plate rep ository , and can the

preserv ation plan b e built around that decision?

7. What should b e the recommended proto cols for preserving photographic data, and what

should b e the arc hiving standards?

8. Ho w should the W orkshop �ndings and recommendations b e disseminated, and who shall

b e resp onsible?

The W orkshop pro duced a series of recommendations (see b elo w) regarding the preserv ation

of astronomical photographic plates for future scien ti�c and historical use. Fiv e w ere recom-

mendations to the general astronomical comm unit y , and sev en w ere more for the b ene�t of

those engaged in plate arc hiving e�orts. One w as that P ARI b e endorsed as an astronomical
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photographic data rep ository , and P ARI has since created the Astronomical Photographic Data

Arc hiv e (APD A); plates from the Cerro T ololo Observ atory , W arner and Sw asey Observ atory ,

the Univ ersit y of Mic higan Observ atory and elsewhere are no w in that cen ter.

A full description of the W orkshop is included in the forthcoming b o ok, "Preserving Astron-

om y's Photographic Legacy: Curren t State and the F uture of North American Astronomical

Plates" whic h is sc heduled for publication in mid 2009 as part of Astronomical So ciet y of

the P aci�c's Conference Series. An y one in terested in ordering the b o ok should con tact one

of the Editors: Lee Robbins (robbins@astro.utoron to.ca) or W a yne Osb orn (W a yne.Osb orn at

cmic h.edu).

A. Recommendations to the astronomical comm unit y

Recommendation 1. Giv en the ev en tual need for a database of astronomical photographic

data, a census of North American astronomical photographic plates should b e carried out. This

w ould b e done b y conducting a surv ey of observ atories and other institutions kno wn or exp ected

to hold plates.

Recommendation 2. Giv en its extensiv e a v ailable ph ysical space and supp ort facilities,

P ARI's Astronomical Photographic Data Arc hiv e (APD A) should b e dev elop ed as an astro-

nomical photographic data rep ository .

Recommendation 3. P ARI should b e designated as collection p oin t for orphan plates, de�ned

as those plates an observ atory holds that are from some other institution, and will arrange

for return or �le them, as appropriate. Astronomers with plates they no longer need should

return them to the appropriate observ atories; if an observ atory is un willing to accept them, the

astronomer should con tact P ARI ab out arc hiving.

Recommendation 4. A sp ecial session on time-domain astronom y should b e prop osed to the

American Astronomical So ciet y for the Jan uary 2009 meeting.

Recommendation 5. Institutions with collections of astronomical photographic plates are

encouraged to compile a computer-based catalog of their holdings.

B. Recommendations to those engaged in plate arc hiving e�orts

Recommendation 1. Those engaged in plate arc hiving should emphasize the imp ortance

of this w ork for time-domain astronom y researc h as w ell as for ensuring the preserv ation of

historical records.

Recommendation 2. When transferring plates from their home institution to an arc hiv e,

(a) the receiving organization should obtain a letter or agreemen t on letterhead and signed b y

Departmen t c hair or other designated p erson of the transferring organization, authorizing the

transfer and listing conditions, if an y; (b) the storage cabinets and the asso ciated log b o oks

and other records should accompan y the plates whenev er p ossible; and

(c) a catalog of the transferred plates should b e prepared, preferably b y the donating institution
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but otherwise b y the recipien t as so on as p ossible.

Recommendation 3. In general, plates from the same origin should b e stored together.

Subsets of a collection ma y b e k ept separate, but should b e cataloged so it is clear where eac h

p ortion of the collection is housed.

Recommendation 4. The imp ortance to astronom y of these historic data should b e brough t

to the atten tion of those conducting the next decadal surv ey and the astronomical comm unit y

in general.

Recommendation 5. Catalogs of plate collections should include as m uc h information as

necessary to adequately describ e their con ten t. F or direct plates, records should conform to the

Wide-Field Plate Database (WFPD) template; sp ectroscopic ones should follo w the template

dev elop ed b y the IA U W orking Group for Sp ectroscopic Data Arc hiv es.

(a) Catalog information for direct plates should include at a minim um the plate n um b er (and

observ atory series), equatorial co ordinates (equino x), ob ject (if relev an t), date and time of

exp osure (time system used), and length of exp osure. Other useful information includes the

em ulsion t yp e, �lter, plate size, area photographed, and if there are m ultiple exp osures.

(b) Catalog information for sp ectroscopic plates should include the plate n um b er (and observ a-

tory series), equatorial co ordinates (equino x), ob ject, date and time of exp osure (time system

used), length of exp osure, appro ximate cen tral w a v elength and disp ersion. Other useful infor-

mation includes the camera fo cal length, em ulsion and grating c haracteristics.

(c) On-line catalogs should b e a v ailable through Vizier and asso ciated with the Wide-Field

Plate Database (WFPD) when appropriate.

Recommendation 6. The arc hiving of b oth photographic and pap er records should adhere

to accepted arc hiv al standards as far as p ossible.

Recommendation 7. In order to acquire the necessary �nancial resources needed for arc hiv-

ing, it is necessary to iden tify and explore ev ery reasonable source of rev en ue.
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Recen t Steps to w ards Ensuring the Preserv ation of

Astronomical Photographic Plates in North America

W a yne Osb orn, Cen tral Mic higan Univ ersit y (W a yne.Osb orn@cmic h.edu)

In Jan uary 2007 the American Astronomical So ciet y (AAS) established a W orking Group on the

Preserv ation of Astronomical Heritage (W GP AH) (h ttp://mem b ers.aas.org/comms/wgpah.cfm).

The W GP AH is c harged with \dev eloping and disseminating pro cedures, criteria and priorities

for iden tifying, designating, and preserving astronomical structures, instrumen ts, and records

so that they will con tin ue to b e a v ailable for astronomical and historical researc h, for the teac h-

ing of astronom y , and for outreac h to the general public." Astronomical photographs w ere

sp eci�cally men tioned as needing protection and preserv ation.

F or w ell o v er a decade, concerns ha v e b een raised ab out ensuring the preserv ation of arc hiv ed

astronomical photographic plates in the United States and Canada. In the past four y ears has

there b een a systematic e�ort to tak e p ositiv e action. The �rst step in dev eloping a preserv ation

plan is to ha v e a clear idea of the curren t situation. With that in mind, a census of the

astronomical photographic plates in North America w as carried out under the auspices of the

W GP AH. The ob jectiv e w as to learn the n um b ers of existing plates and to record the lo cations,

presen t conditions, a v ailabilit y for researc h and and future plans for the v arious collections.

204 census forms w ere distributed to observ atories, astronom y departmen ts and some individual

astronomers kno wn to ha v e an in terest in plates. There w as a 50% o v erall resp onse rate,

whic h included full or partial resp onses from all of the ma jor U.S. and Canadian astronomical

institutions. The census determined that o v er 2.4 million photographs exist in North America.

44 institutions rep orted ha ving at least some plates, but 16 large collections hold 97% of the

total b et w een them. Canadian institutions hold roughly one third of the sp ectral plates. The

arc hiv ed photographic material is b eing used regularly for researc h, but there is an urgen t need

for on-line, searc hable catalogs to facilitate the lo cation of plates of in terest to researc hers.

A n um b er of institutions whic h hold plates no longer ha v e the means to arc hiv e them ade-

quately . The Pisgah Astronomical Researc h Institute in Rosman, North Carolina (USA) has

no w established the Astronomical Photographic Data Arc hiv e (APD A) where institutions can

dep osit plates that they no longer wish to retain. The APD A has so far receiv ed o v er 100,000

astronomical plates and �lms that ha v e b een dep osited in that w a y .
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Astronomical Photographic Data Arc hiv e (APD A)

at the Pisgah Astronomical Researc h Institute

Plate Arc hiv e and F acilit y Up date

Michael Castelaz and Thurburn Barker, P ARI (mc astelaz@p ari.e du)

USNO Plates

In mid-June, 2009, Da v e Cla vier and Th urburn Bark er of P ARI dro v e to the United States

Na v al Observ atory (USNO) in W ashington, DC, for the purp ose of transp orting the �rst of t w o

shipmen ts of astrographic plates from the USNO to APD A at P ARI. Those plates w ere used

in the pro duction of the USNO CCD Astrograph Catalog (UCA C) program. A description of

the plates and plate-scanning activities at USNO w as giv en in SCAN-IT #3, 2005, pp. 17{18.

The StarScan mac hine at the U.S. Na v al Observ atory (USNO) measured the astrograph plates

in order to allo w prop er motions to b e determined for the USNO{UCA C program. The plate

scanning w as completed b y June, 2008, as rep orted in arXiv:0806.0256v1.

The USNO astrograph plates no w arc hiv ed at APD A include:

(1) 2200 plates from the Ham burg Zone Astrograph, a Zeiss system with 206 mm ap erture,

fo cal length of 2060 mm and a 5-elemen t lens; the observ ations date from � 1972, using a

visual bandpass;

(2) 900 plates from the USNO Blac k Birc h 8-inc h Twin Astrograph, using the \y ello w lens" (a

4-elemen t lens made in ab out 1980); and,

(3) 300 plates from the Lic k 20-in Astrograph, using a visual lens.

GAMMA I I

The Guide Star Automatic Measuring Mac hine (GAMMA) is a laser-illuminated m ulti-c hannel

scanning micro densitometer, mo dularly built up on the substrate of the mo di�ed PDS used in

other w ork at the Space T elescop e Science Institute. The latter donated its t w o GAMMA

scanners to P ARI in Marc h, 2008. P ARI has since re-assem bled the one kno wn as GAMMA I I,

and its mec hanical system is no w op erational. Presen tly , P ARI is researc hing options to replace

the laser scanning transducer system with a mo dern CCD imaging system, image pro cessing

soft w are and computer hardw are. That will allo w m uc h faster scanning of photographic plates

(min utes v ersus hours p er plate).

Photographic collections at the APD A

The initial sets of plates at the APD A included:

(1) ob jectiv e-prism plates tak en with the Mic higan Curtis Sc hmidt telescop e at Cerro T ololo

In ter-American Observ atory (CTIO) in Chile and the Case Burrell Sc hmidt telescop e at

the National Optical Astronom y Observ atories (NO A O) in Arizona;

(2) � 22,000 plates of ab out 472 stars observ ed with the Ann Arb or 37.5-inc h telescop e and

sp ectrograph b et w een 1911 to 1972;

(3) � 22,000 plates from the W arner Sw asey Observ atory Collection (1944-1994) from Case

W estern Reserv e Univ ersit y , and

(4) P alomar Observ atory Sky Surv ey (POSS-I) prin ts and o v erla ys.
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The follo wing collections ha v e no w b een added:

Harvar d Mete or Films

In the fall of 2007, the Harv ard College Observ atory Plate Stac ks donated t w o sets of astronom-

ical photographic to APD A. One set, on �lm, is from the Prairie Meteor Net w ork (McCrosky

& Bo esc henstein 1965) whic h w as in op eration from 1964 to 1975. That collection w as pho-

tographed with a system of Bak er-Nunn camera stations lo cated in the Midw est U.S.A. The

system w as designed to image extremely brigh t meteor ev en ts. The total n um b er of �lms in

that collection is 11,000.

The second set is the pro duct of the Harv ard Meteor Pro ject (Jacc hia & Whipple 1961), for

whic h observ ations w ere made b et w een 1953 and 1958. The pro ject had t w o stations, eac h with

a Bak er Sup ersc hmidt T elescop e, and data w ere recorded on moulded 18-cm diameter circular

�lm. The observing stations w ere originally at Soledad can y on and Dona Ana, and w ere later

mo v ed to Sacramen to P eak and Ma yhill. The total n um b er of �lms in that collection is 42,000.

The com bined n um b er of meteor �lms at APD A is th us o v er 50,000.

CTIO, KPNO & L as Camp anasPlates

The Institute of Astronom y , Cam bridge (UK) shipp ed three crates of plates to APD A last

spring. One con tained ob jectiv e prism plates (most of whic h w ere originally from the Univ ersit y

of Mic higan); the other t w o con tained direct plates from Cerro T ololo, Kitt P eak and Las

Campanas. Included with the shipmen t w as also a n um b er of P alomar plates whic h needed to

b e sen t to P alomar Observ atory in California. P ARI is happ y to accommo date suc h a request

to forw ard plates to home institutions.

Montr e al-Cambridge-T ololo (MCT) Survey

In the win ter of 2008, The Ph ysics Departmen t of the Univ ersit de Mon tral shipp ed to P ARI

the Mon tral-Cam bridge-T ololo (MCT) collection of plates resulting from the surv ey of blue

subluminous stars. The surv ey consisted of ab out 400 doubly exp osed U and B photographic

plates co v eringalmost 7000 sq. deg. cen tered on the South Galactic P ole. The plates w ere

exp osed during the late 1980s and early 1990s, with a limiting magnitude of 17{18 mag. A

description of the surv ey is a v ailable in Lamon tagne et al. (2000).

F or more information on the APD A collections no w held at P ARI, please visit our W ebsite at

h ttp://www.pari.edu/library/ap da .

Jacc hia, L. G. & Whipple, F. L., 1961, Smithsonian Con tributions to Astroph ysics, 4, 97

Lamon tagne et al., 2000, AJ, 119, 241

McCrosky , R. E. & Bo esc henstein, H., Jr., 1965, SA O Sp ecial Rep ort #173
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Status of Plate Scanning Pro jects at the USNO

N. Zacharias, G. Wyc o�, D. Pascu, USNO (nz@usno.navy.mil)

The USNO StarScan mac hine completed scanning of o v er 5000 plates for astrometry:

1930 plates 160 mm sq. A GK2 (ep o c h ab out 1932)

874 plates 8 � 10 in USNO Blac k Birc h Astrograph (1990)

2330 plates 240 mm sq. Ham burg Zone Astrograph (1978-1995)

350 plates 240 mm sq. Lic k Astrograph (Ham burg program)

Measuremen ts are accurate to ab out 0.5 � . F or details ab out the StarScan mac hine, reduc-

tion pro cedures and program o v erview, see Zac harias et al., P ASP , 120, 644, 2008 or astro-ph

0806.0256.

F or ab out a y ear StarScan has not b een used regularly . Ho w ev er, double star plates of the

Sirius system will b e measured this y ear, supp orted b y a summer studen t program. There are

plans ev en tually to relo cate the mac hine to P ARI.

In a join t program b et w een P aris Observ atory , the Ro y al Observ atory Belgium (R OB) and

USNO, photographic plates of the mo ons of Mars, Jupiter and Saturn are b eing measured on

the new R OB measuring mac hine, whic h is accurate to 0.1 � . These plates ha v e b een tak en

o v er sev eral decades with the USNO 26-inc h refractor. The goal is to impro v e the mo dels of

the motions and in ternal ph ysics of these solar system b o dies, whic h in turn will impro v e their

ephemerides.

Digitizing photographic plates, particularly ones with �ne-grain em ulsions, is still a c hallenging

task. It is imp ortan t to optimize p erformance to w ards y our o wn goal, whic h is lik ely to b e

di�eren t for photometric and for astrometric applications. Just digitizing a plate and sa ving

the pixel data is b y itself not su�cien t in order to extract all astrometric information. The

geometric calibration of the mac hine and measuremen ts need to b e p erformed at the same

time. Of particular imp ortance is the mapping mo del b et w een the detector (pixel co ordinates)

and the measure table co ordinates, the determination of those parameters, the correct mo del

equations, and the stabilit y of it all. Without those additional calibrations the pixel data alone

are insu�cien t to deriv e high-accuracy star p ositions.

F or course-grain em ulsions, StarScan w as able to extract all p ositional information on all de-

tectable stellar images. F or �ne-grain em ulsions, lik e the mo dern Ko dak T ec h-P an and those

used for the early-ep o c h A GK2 plates, w e are at the limit of the instrumen t, and a measuring

engine of greater precision than StarScan w ould ha v e b een of some b ene�t. The new mac hine

at the R OB is capable of extracting all astrometric information on an y giv en plate material.

Nev ertheless, all measuring mac hines that incorp orate a CCD camera lac k the dynamic range

of a micro densitometer (e.g. PDS mac hines), so the latter has the adv an tage for photometry .
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Scanning the V atican Observ atory Sc hmidt Plates & CdC Plates

A. Omizzolo, SJ & R ichar d De Souza, SJ; alessandr o.omizzolo@o ap d.ina f.it

A few y ears ago w e b ecame really a w are of the w ealth of information con tained in the plate

arc hiv es of the V atican Observ atory in Castle Gandolfo, whic h dates bac k a whole cen tury . The

V atican Carte du Ciel collection together with the plates from the 65-cm Sc hmidt telescop e in

the V atican Gardens, amoun ts to � 9800 plates, still in relativ ely go o d condition.

Alexandro Omizzolo from the V atican Observ atory , along with collab orators from the man y

Italian Observ atories, started the pro cess of scanning the plates. T o date, all the plates from

the Sc hmidt telescop e, totalling nearly 2000, ha v e b een scanned and the images stored b oth on

D VD and on hard disk at Castle Gandolfo. The only remaining task w as to mak e the images

a v ailable to the general public.

Figure 1. L eft: An image of Halley's Comet on a V atican CdC plate.

R ight: An image of the Pleiades exp osed with the V atican Sc hmidt in Jan uary 1965.

An image data arc hiv e (h ttp://sacc heri.as.arizona.edu) w as set up at the V atican Observ atory

Researc h Group (V OR G) at Stew ard Observ atory , T ucson; it w as constructed follo wing the

Simple Image Access Proto col (SIAP) of the IV O A. The astrometry of eac h of the nearly

460 direct images w as recalculated b y Ric hard De Souza using h ttp://astrometry .net, whic h

serv es b oth FITS and JPEG images of the plates. A simple w eb-based SIAP clien t w as also

constructed. The images can b e queried with an y SIAP-complian t clien t.

W e ha v e exp erimen ted with new soft w are for the SIAP service. Our primary criterion w as that

the soft w are co de b e easy to main tain and to up date in the future. F or that reason, the co de w as

written in p ython, using a ligh t w eigh t w eb framew ork called Pylons (h ttp://www.p ylonshq.com).

W e also use an ob ject-relational mapp er (ORM) called Storm (h ttps://storm.canonical.com) to

access our database stored in SQLite (h ttp://www.sqlite.org).

When the �rst stage of the pro ject has b een completed, w ork will start on pro viding access

to the set of nearly 1300 ob jectiv e-prism plates from the Sc hmidt telescop e. W e are presen tly

studying the feasibilit y of o�ering a Simple Sp ectral Access Proto col (SSAP) for those plates

to the public. It is our in ten tion to mak e all our data complian t with IV O A standards.

Please visit the arc hiv e (h ttp://sacc heri.as.arizona.edu) and send us y our feedbac k.
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Status of the Digitisation Pro jects

at the Ro y al Observ atory of Belgium, Brussels

J.P. de Cuyp er (Je an-Pierr e.DeCuyp er@oma.b e)

The D AMIAN (Digital Access to Metric Images Arc hiv es Net w ork, former D4A) digitiser,

deliv ered at the end of 2007 and started up in 2008, is b eing used for digitising astrometric

plates and aerial photographic images.

Placed on an isolated foundation blo c k in a temp erature and h umidit y con trolled clean ro om

(k ept within 0.1

�

C and 1%RH), it can digitise glass plates, �lm sheets and �lm rolls up-to 14

inc hes wide. The loading in to fo cus, the exc hange of plates/sheets and the �lm roll transp ort

are fully automated and computer con trolled. The mec hanical p ositioning accuracy and re-

p eatabilit y of the XY-table is of the order of nanometers. The actual com bination of optical

set-up and digital camera (7 � � 7 � pixels) deliv ers extracted astrometric p ositions on the plates

to b etter than 0.1 � .

In 2008 an in ternational collab oration w as started up [ se e p age 8 ] b et w een the US Na v al Obser-

v atory in W ashington, DC (D. P ascu & N. Zac harias), the Observ atoire de P aris (J.-E. Arlot,

V. Rob ert & V. Lainey) and the Ro y al Observ atory of Belgum (J.-P . De Cuyp er, L. Win ter

& G. de Dec k er) to digitise the USNO collection of photographic plates of the mo ons of Mars,

Jupiter and Saturn tak en b y D. P ascu o v er a p erio d of 30 y ears. The goal is to impro v e the

ephemerides and the in ternal structure mo dels of these solar system b o dies. A t presen t a series

of a thousand plates of the Galilean satellites of Jupiter is b eing digitised. The �rst results w ere

presen ted at the AD ASS XVI I I Conference in Queb ec in No v em b er 2008.

[ The four images that fol low show D AMIAN fr om di�er ent angles ].
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DAMIAN digitiser with automatic plateloader and mobile platewagon 

 

 
DAMIAN digitiser with full automatic filmroll trans port system 
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DAMIAN digitiser, detail of air bearing XY-table an d granite bridge with Z-axis, telecentric objective and 

CMOS camera 
 

 
DAMIAN digitiser, detail of counter pressure plate with vacuum suction, the CMOS camera and 

telecentric objective with alignment plate and the diffuse illumination. 
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Abstract

The ob jectiv e of this presen t w ork w as to extend the in v en tory and cataloging of the wide-�eld

plate collection of some 9900 plates at the Astroph ysical Institute P otsdam (AIP), obtained

during the p erio d 1879{1970 at the P otsdam Astroph ysical Observ atory and at Bab elsb erg,

b y preparing computer-readable catalogues of the plate arc hiv es and on-line access to their

con ten ts. Access to those �les w as through an up dated v ersion of the Wide-Field Plate Database

(WFPDB, h ttp://www.sky arc hiv e.org) in So�a and its mirror at the AIP , and to the actual

plate images. With the plate catalogues and the plate images no w on line, it is p ossible to use

the v aluable astronomical information con tained in the plates just lik e a virtual telescop e in

time, and to apply it to di�eren t astronomical in v estigations.

1. P otsdam Carte du Ciel Plate In v en tory

The �rst photographic all-sky surv ey , the Carte du Ciel (CdC), w as b egun in 1887 to map the

sky do wn to 15

th

magnitude (CdC c harts) and to measure p ositions of stars to 12

th

magnitude

(A C catalogue) . P otsdam Astroph ysical Observ atory w as in v olv ed in it from the �rst, and w as

assigned the zone b et w een +32 and +39

�

. The observ ations w ere carried out with the double

Steinheil and Repsold refractor (32-cm photographic ob jectiv e and 24-cm visual ob jectiv e).

Prop er-motion determinations of stars in CdC zones ha v e standard errors of � 100{120 mas

in p osition, according to Rapap ort et al. (2006), while the precision in p osition at the mean

ep o c h ranges from 50{70 mas, according to Ducouran t et al. (2006). According to F resneau et

al. (2001) there are also rapid brigh tness c hanges (time-scales up to 20 mins) with amplitudes

larger than 0.5 mag in stars with V (photographic) in the range 10{14 mag. Considering the

p oten tial presen t and future uses for suc h material, a detailed examination of the the P otsdam

CdC plates (no w stored at the AIP) w as undertak en.

The P otsdam CdC zone w as divided in to areas o v erlapping eac h other, in order to assure

go o d sky co v erage, making 1232 areas altogether. Both the observing programme (kno wn at

P otsdam Observ atory as the \P otsdamer Himmelsk arte" pro ject) and the plate measuremen ts

w ere led b y J. Sc heiner. 1244 plates w ere obtained during 1893{1900, of whic h 406 plates w ere

fully measured; the results w ere published in 7 v olumes (Publicationen des Astroph ysik alisc hen

Observ atorium zu P otsdam, Photographisc he Himmelsk arte, Catalog, Band I, P otsdam 1899;

Band I I, 1901; Band I I I, 1903; Band VI, 1907; Band V, 1910; Band VI, 1912; Band VI I, 1915).

After the death of J. Sc heiner the observing w as con tin ued b y W. M • unc h, K. Jan tzen and O.

Birc k. Owing to lac k of funds and manp o w er, the observing programme w as terminated in

1924. Ho w ev er, at the IV

th

IA U GA in 1932 an o�cial decision w as tak en to complete the

P otsdam zone { the part concerning the CdC sky atlas { b y Uccle, Oxford and Hyderabad

Observ atories.
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The P otsdam CdC plates had b een stored with other plates from T elegrafen b erg and Bab elsb erg

in the AIP library . They are no w k ept under sp ecial conditions to con trol h umidit y , dust, strong

illumination and sudden temp erature c hange (Fig. 1. Access to the plates is restricted in order

to a v oid an y non-professional treatmen t of the plates. Only suc h con trols can ensure the long-

term preserv ation of the material for p ossible re-use.

Figure 1: A cabinet of P otsdam CdC plates at the AIP

The P otsdam CdC plate in v en tory w as completed b et w een Autumn 2006 and Autumn 2008;

details can b e found in Tsv etk o v a et al. (in preparation). In order to create an appropriate

en vironmen t for the CdC plates the old, often damaged plate en v elop es w ere replaced with new

ones (but the old en v elop es w ere stored in the Library arc hiv e). The plates are no w ordered

according to their original n um b ers, and it is easy to �nd an y giv en CdC plate.

The total n um b er of all the P otsdam CdC plates from the �rst- and second-ep o c h observ ations

is estimated to b e ab out 2200. 977 plates (ab out 44%) are no w stored at the AIP; the rest w ere

lost during t w o W orld W ars. The �rst-ep o c h plates had b een obtained during the p erio d Ma y

1893{F ebruary 1900 b y A. Sc h w assmann, G. Eb erhard, H. Ludendor�, J. Sc heiner, H. Clemens

and A. Ev erett. As a rule those plates ha v e a single 5-min ute exp osure of one area. Only 33

of those �rst-ep o c h plates are no w a v ailable. Some ha v e em ulsions that are detac hed from the

glass, or ha v e b egun to detac h, or ha v e y ello w sp ots of v arious sizes.

The second-ep o c h plates w ere obtained b et w een August 1913 and F ebruary 1924 (w e ha v e not

included one CdC plate obtained in 1902). They can b e separated in to t w o time-in terv als

according to the principal observ er and the observing metho d (the n um b er of areas and the

n um b er of exp osures made). The �rst time-in terv al w as from August 1913{July 1914, with

observ ers W. M • unc h and K. Jan tzen; 581 plates are no w a v ailable, eac h ha ving one or t w o

exp osures of the same area with di�eren t exp osure times, but less than 10 min. In July 1914

W. M • unc h in terrupted his w ork for w ar service. The second time-in terv al w as from F ebruary

1916{F ebruary 1924, with observ er O. Birc k in c harge; those plates ha v e t w o exp osures of ev ery

area, with di�eren t exp osure times; sometimes as man y as 6 areas had b een exp osed on the

same plate on one nigh t, or ev en on t w o di�eren t nigh ts { actions that w ere necessitated b y

p ost-w ar shortages. 362 plates from that set are no w to hand.

The preserv ed log-b o oks, together with the sheets of observ ers' notes whic h w ere made during

the observing, help ed us to understand the metho ds of observing emplo y ed since 1916 for that

�nal set of plates. W e therefore decided to preserv e all the information con tained in the existing

log-b o oks. W e prepared lo w-resolution JPEG images, in tending to rely on mo dern tec hnology to

lo cate ob jects in scanned binary images, and to digitize the handwritten register of astronomical

observ ations. When pro cessing eac h image w e sa v ed the plate attributes (meta-data) separately ,
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thereb y creating a relation b et w een database elemen t (the plate) and its record.

I I. P otsdam Carte du Ciel Plate Catalogue and its Analysis

The P otsdam CdC arc hiv e has b een added to the Catalogue of the Wide-Field Plate Arc hiv es

(CWFP As) of the Wide-Filed Plate Database (WFPDB, h ttp://www.sky arc hiv e.org), where it

can b e found with the WFPDB instrumen t iden ti�er POT032. The next step w as preparing a

computer-readable catalogue of the arc hiv e in the required format of the WFPDB (as describ ed

in h ttp://vizier.u-strasbg.fr/cats/VI.h tx - catalogue n um b er VI/90). The WFPDB format is

accepted as direct plate standard for the North American National Plan F or Preserving Astro-

nomical Photographic Data (see h ttp://www.pari.edu/library/ap da/w orkshop/Summary .p df ).

Adding the POT032 catalogue to the WFPDB no w o�ers on-line access to those data to all the

astronomical comm unit y .

Analysis of the newly-added WFPDB catalogue within the framew ork of the Astronomical

Virtual Observ atory (A V O) requires as input the observing parameters date, time, ob ject name,

n um b er and duration of exp osures, t yp e of the em ulsion, etc., and has b een describ ed b y

Tsv etk o v a et al. (in preparation).

I I I. P otsdam Carte du Ciel Plate Digitization

The only w a y to ensure the longevit y of the scien ti�c information on the plates is to digi-

tize them. Prior to our P otsdam pro ject w e had already had some exp erience with the CdC

plates at the Ro y al Observ atory of Belgium (Uccle). In the Autumn of 2006 w e commenced

installing, testing and scanning selected CdC plates with the AIP EPSON 10000XL 
atb ed

scanner (Fig. 2). In order to complete the CdC plate digitization on time a second EPSON


atb ed scanner (EPSON PERFECTION V700 PHOTO) w as brough t in.

After n umerous tests, a w ork able scanning pro cedure w as established. A description of that

pro cedure, together with instructions for op erating an AIP EPSON 10000XL 
atb ed scanner

(Man ual b o ok), w ere prepared and w ere left for future users.

Figure 2: The AIP EPSON 10000XL 
atb ed scanner complex

Our systematic digitization of the CdC plates commenced in Octob er 2007 when the righ t

parameters for scanning had b een decided up on. Our rule w as to scan the P otsdam CdC plates

using one and the same orien tation - North up, East left. F or guidance w e made use of the

observ er's marks; the n um b er of the plate w as usually written in the same corner, though there

w as no guaran tee that the marks w ere alw a ys correctly orien ted. T o clean the plates, w e used

99% alcohol on cotton pads for stubb orn dirt or ink on the glass sides, and a soft brush to
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remo v e an y cotton d � ebris from the em ulsion.

Eac h CdC plate w as scanned t wice with a resolution of 1200 dpi, in order to giv e preview scans

for plate visualization and to preserv e the observ er's marks. After the glass sides had b een

cleaned, they w ere then scanned at high resolution (2400 dpi) for astronomical applications.

The preview scans w ere stored in TIFF and JPEG �le formats, eac h TIFF �le o ccup ying ab out

160 MB, and eac h JPEG one ab out 22 MB. The high-resolution scans w ere stored as FITS �les,

eac h o ccup ying ab out 440 MB. The JPEG �les w ere also compressed to a resolution of 318 dpi

(2000 � 2000 pixels). The preview scans will b e a v ailable to users of the WFPDB.

The headers of the FITS �les con tain all the necessary information: equatorial co ordinates of

the plate cen tres in the original ep o c h, name of the Carte du Ciel area, name of the observ er,

etc., th us conforming to the WFPDB requiremen ts. F urther details ab out the P otsdam CdC

plate digitization can b e found in Tsv etk o v et al. (in preparation).

The ra w scans of the plates are stored on the hard-disk directories of the German Astroph ysical

Virtual Observ atory (GA V O) serv ers in P otsdam: three scans (JPG, TIFF and FITS formats)

for eac h of 977 plates. On-line access for further applications will b e pro vided for the astronom-

ical comm unit y via the AIP serv ers. The POT032 plate previews w ere added to the WFPDB

at once, so as to giv e on-line access to the plates as so on as the w ork had b egun.

F or b etter on-line access to the ra w scans of the P otsdam plates, a mirror ftp-site of the WFPDB

w as added at the AIP (v o data.aip.de/WFPDBsearc h) in 2007 Decem b er. This is the v ersion

installed in the So�a Sky Arc hiv e Data Cen ter, and is regularly up dated. In the framew ork

of our collab oration with the WFPDB pro ject, an in ternational \Info-W orkshop" w as held in

So�a (Bulgaria) in Jan uary 2008 under the auspices of the Europ ean Virtual Observ atory Date

Cen tre Alliance. P articipan ts in the pro ject describ ed ab o v e rep orted the results of their w ork.

IV. F uture W ork

Our future w ork will concen trate on (a) con tin uing the preparation of computer-readable v er-

sions of the P otsdam wide-�eld plates, (b) making on-line access to the P otsdam wide-�eld

plate collection through the In ternational Virtual Observ atory (IV O), (c) installing at AIP a

serv er that giv es b etter on-line access to the ra w scans, (d) starting a programme to digitize

the Kapteyn plates obtained in P otsdam, and (e) further dev elopmen t of the W ebsite for the

P otsdam plate arc hiv es hosted on the AIP's home-page.

Ac kno wledgemen ts

This w ork is supp orted b y the bilateral pro ject 436 BUL 113/110/0-3 b et w een BAS/DF G and

partially b y the Bulgarian National Science F und pro jects DO-02-273 and DO-02-275
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Observ atory Plate Collections - 2

Wayne Osb orn, Centr al Michigan University (Wayne.Osb orn@cmich.e du)

[SCAN-IT #4, p. 38, c ommenc e d a series of status r ep orts ab out observatory plate c ol le ctions.

Ther e was no design r e gar ding which c ol le ctions wer e include d; it mer ely r elaye d what had b e en

sent in. We ther efor e r ely on r e aders to o�er information for this se ction, p articularly in the

c ase of c ol le ctions which wer e not r epr esente d in the r e c ent Census of North A meric an Plates

(se e p. NN). R e aders ar e ther efor e str ongly ur ge d to ke ep up the supply of information { however

brief, however p atchy or however distasteful! {Ed.]

Y erk es Observ atory

Y erk es Observ atory of the Univ ersit y of Chicago w as established in 1897 and is w ell kno wn for

its 40-inc h (1-m) refracting telescop e, still the largest of this t yp e in the w orld. So on after it

w as established, Y erk es b ecame one of the leaders in the then emerging �eld of astroph ysics,

and o v er the y ears it has accum ulated a collection of o v er 130,000 plates.

An in v en tory of the Y erk es plate collection is no w b eing completed. It rev eals that a wide

v ariet y of telescop es and instrumen ts w ere used to obtain the images. The 40-inc h refractor

pro duced ab out 30,000 direct plates, 35,000 stellar sp ectra and 10,000 photographs (images

and sp ectra) of the Sun during the p erio d 1900{2000. There are also 18,000 direct plates and

9,000 sp ectra observ ed with the former 24-inc h re
ector from 1901{1956, 2400 wide-�eld plates

exp osed with the Bruce 10-inc h f/5 refractor (Barnard 1905) from 1905-1949 and 1500 plates

exp osed with the 41-inc h re
ector from 1970{1997, as w ell as n umerous smaller plate series

from instrumen ts of lesser ap erture.

The arc hiv e also con tains the plates tak en b y Y erk es astronomers at the McDonald Observ atory ,

op erated join tly b y the Univ ersities of Chicago and T exas from 1939{1960. They include ab out

4000 direct plates, 15,000 lo w-disp ersion sp ectra and 3000 high-disp ersion coud � e sp ectra from

the 82-inc h re
ector, and 2500 wide-�eld Co ok telescop e images (Kuip er et al. 1958) exp osed

b et w een 1950{1952.

Three partial collections of plates from other observ atories are no w arc hiv ed at Y erk es. They

include o v er 10,000 slit sp ectra from the 72-inc h P erkins re
ector (1939{1986), 1000 plates from

the former 4-inc h Ross camera (16 � 20 degree �eld) of the Univ ersit y of Illinois (1939{1950),

and 500 of the Dearb orn Observ atory red-star surv ey plates of 1939{1947 (Lee 1943; Lee et

al. 1947).

An y one requiring further information ab out the Y erk es plate collection can write to the Ob-

serv atory (373 W. Genev a Street, Williams Ba y , WI 53191, USA) or con tact me at the e-mail

address ab o v e.

R efer enc es

Barnard, E.E., 1905, ApJ, 21, 35

Kuip er, G.P ., et al., 1958, ApJS, 3, 289

Lee, O.J., 1943, Ann. Dearb orn Obs., 4, 55

Lee, O.J., Gore, G.D & Bartless, T.J., 1947, Ann. Dearb orn Obs., 5, 275.
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Cam bridge Observ atories' Plate Arc hiv e

R.W. A r gyle, IoA, Cambridge, UK (rwa@ast.c am.ac.uk)

The Solar Ph ysics Observ atory complex at the Institute of Astronom y is b eing demolished to

mak e w a y for a new building, so in 2007/8 the con ten ts of the plate store whic h w as housed

there w ere sorted, mo v ed and culled.

a) Ab out 10,000 narro w-band plates of the solar disk, tak en b et w een 1906 and 1946 in Ko-

daik anal, India, w ere returned to their home institution.

b) V arious series of stellar and solar sp ectra exp osed at Cam bridge w ere mo v ed in to storage at

the Mullard Radio Astronom y Observ atory at Lords Bridge.

c) Ab out 1100 plates, b orro w ed for use in v arious researc h pro jects, w ere shipp ed to P ARI.

They included ob jectiv e-prism plates tak en with the Burrell Sc hmidt, and a range of direct

plates exp osed with 2 to 4-m class telescop es in North and South America. Another batc h of

ab out 60 original plates exp osed with the P alomar Sc hmidt is also at P ARI, a w aiting transfer

to P alomar Moun tain.

d) A trunk-full of small-format sp ectra, b equeathed to Cam bridge b y the original Solar Ph ysics

Observ atory in South Kensington, London, when that closed in 1913 and exp osed under the

directorship of Sir Norman Lo c ky er, w ere donated (�ttingly enough) to the Norman Lo c ky er

Observ atory (NLO) in SW England, whic h Sir Norman himself founded and equipp ed up on his

retiremen t from London. The NLO is op erated b y a team of en th usiastic v olun teers, sev eral

b eing retirees from the R GO when that w as closed in 1998. An image of the original Solar

Ph ysics Observ atory in London (see Observ atory 36, 355, 1939; Bib co de 1913Obs....36..355)

sho ws ho w astronomically unsa v oury the London site had b ecome for observ ational w ork.
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Though ts on Designing a Digitizer for

Sp ectroscopic and Direct Plates

b y Mo difying Existing PDS Mac hines

R.J. Simc o e (rjsimc o e@cfa.harvar d.e du)

Ha ving sp en t some time understanding digitizers for direct wide-�eld astrophotographic plates,

X-ra y plates and �lms of art w orks, as w ell as ev aluating commercial scanners b oth for direct

and for sp ectrograms, I though t it migh t b e w orth while to brainstorm a design to digitize

sp ectroscopic and direct plates using a mo di�ed PDS mac hine or other precision X-Y stage.

Sp ectroscopic plates seem to ha v e quite a v ariet y of shap es and sizes. They v ary from large

wide-�eld w edge prism plates (8 x 10 inc hes) to long narro w plates (0.5 � 8 inc hes or 2 � 10

inc hes), and man y sizes in b et w een. F or this exercise I will fo cus on plates or �lms that are

either small rectangular plates (2 � 3 inc hes) or long narro w ones (5/8 � 8 inc hes).

Direct plates v ary in dimension from Sc hmidt plates that are ab out 12 � 12 inc hes (300 � 300

mm) to ones that are 8 � 10 inc hes, 5 � 7 inc hes, and a few smaller sizes.

The mac hine that has b een the gold standard for measuring sp ectroscopic plates (and direct

plates) has b een the PDS 1010 or PDS 2020. I had the opp ortunit y to examine thoroughly

t w o of the PDS 2020 mac hines in the summer of 2008 when I participated in reconditioning

the GAMMA I and Gamma II mac hines at P ARI. They obtained the mac hines from the STScI

when they w ere surplused. The mac hines had b een used to generate the Hubble Guide Star

Catalo g . That w ork also in tro duced me to Larry Avril (PDSMicroD.com), who has serviced PDS

mac hines since they w ere �rst designed. He �lled me in on some of the history and capabilities

of PDS mac hines, and he also told me that he has designed an in terface and soft w are that allo w

the basic mec hanical mo v emen ts of a PDS to b e con trolled b y an y PC running XP .

The PDS 2020, whic h can scan an area measuring 20 � 20 inc hes, is constructed on a granite

base with t w o granite L shap ed risers on eac h side of a cen tral op ening. In the cen tral op ening

there is a granite C-section that mo v es in and out. The ligh t source and ligh t sensor are moun ted

to the ends of the C-section. A tra v eling alumin um plate �xture mo v es from left to righ t on

another set of the granite risers, the com bination giving the (X, Y) scan capabilit y . Gamma II

has a \one of a kind" optical system that uses a laser and a mo dulator to create a 5-sp ot scan; it

also emplo ys the output from a laser in terferometer p ositioning system to mo dify the lo cation of

the 5 sp ots on the 
y , comp ensating for an y inaccuracies in the mec hanical p ositioning system.

The PDS 1010, whic h is b y far the more common v ersion of the PDS, is sometimes on a granite

base with a design similar to the 2020 and sometimes on a metal base with a steel X-Y stage.

Some of the PDS mac hines (e.g. GAMMA II ) use laser in terferometer feedbac k, but most use a

Heidenhain (or equiv alen t) glass scale as the feedbac k for a serv o system whic h can p osition the

stages to � 1 � in b oth X and Y. The PDS mac hine m ust t ypically mo v e a larger mass con taining

the parts of the optical path, ligh t source, and detector in the Y-direction. In the X-direction

the mac hine will mo v e a ligh ter-w eigh t plate holder. F or that reason, scans are t ypically made

in the X direction, with small, slo w er steps in the Y direction b et w een the longer mo v emen ts

in X. The PDS w ould scan the long distance using a small ap erture, often a small slit, whic h is

th us in constan t motion.

The driv e system for the PDS is a clev er arrangemen t of ball b earings whic h rest at an angle
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on a precision-ground round ro d. The ro d is turned b y a serv o motor, and the ball b earings

turn in a w a y that applies a linear motion to the stage that it is connected to. That pro vides a

v ery smo oth motion as long as the friction of the b earings on the ro d is great enough to prev en t

slippage under load. Ev en if there is slippage, the feedbac k from the linear enco ders pro vides

absolute p osition feedbac k to close the lo op for the serv o-motor. Unlik e the stepp er-motor

driv es in most other commercial scanners, whic h pro vide a `step, stop then in tegrate' action,

the PDS's serv o driv e with feedbac k pro vides a w ell con trolled, con tin uous motion. It do es

come at a price, ho w ev er, since the ligh t source and detector are not in a stable p osition while a

measuremen t is o ccurring. A pap er b y S.S. Hong (1992) sho ws that that causes the detection of

edges to shift a few microns dep ending on the direction of the scan, b ecause there is a di�erence

b et w een where the mac hine in terprets its p osition and where the detector electronics sample

and hold eac h pixel. Its also sho wn to b e sp eed dep enden t, so pixel p ositional accuracy go es

do wn as the sp eed go es up. F urther, there is evidence (Hanson 1986) that the serv os on the t w o

axes can in teract, causing a w ander in Y of the order of � 4 � while scanning in the X direction.

A sp ectrum can b e though t of as a series of lines and spaces of v ariable width in the X-direction

and co v ering a small distance in the Y-direction (assuming that the X-direction is the long one,

i.e. the one whic h will b e the scan direction (see Figure 1). The PDS mac hine w ould scan it in

the X-direction with an ap erture often on the order of (for example) � 10 � � 140 � in X and

Y, resp ectiv ely , F requen tly the 10- � ap erture w ould b e half stepp ed to 5 � to try to increase

resolution in the X-direction. Ap erture size is c hosen to increase the dynamic range of the

ligh t reac hing the single photo-m ultiplier detector tub e while main taining high resolution in

the X-direction. An asymmetric slit also reduces noise b y e�ectiv ely a v eraging the v ariation in

the grains at the edge of the image in the Y-direction. The do wn-side is that it requires that

the X-axis of the scanner and the plate b e in v ery go o d angular alignmen t, b ecause if the slit

and the line are at an angle then the a v eraging will b e detrimen tal.

Figure 1: A stellar sp ectrum 
ank ed b y a w a v elength calibration exp osure

Figure 1 sho ws b oth the cen tral sp ectrum and the calibration lines (often from an F e-arc lamp)

on either side of the sp ectrum. Figure 2 is an expansion of the calibration exp osure, sho wing

ho w the photo-densit y of the line is non-uniform; a single pixel measuremen t with (sa y) a 5-10 �

square ap erture horizon tally could easily fall in a w a y that w ould miss one or more lines that

are clearly visible to the ey e on the 2D image. It is clear, from lo oking at Figures 1 and 2,

that collecting all the information in the v ertical strip es w ould increase the signal-to-noise of

the data b y adding the information from man y samples. That is the reason for using a slit on

the PDS mac hine, but it is also the reason wh y scanning with an area imaging device w ould

allo w b etter data pro cessing. In addition, if the area imager captures b oth of the calibration

sp ectra at the same time as it captures the ob ject sp ectrum, then there is no issue with the

rep eatabilit y of scanning mec hanism o v er m ultiple passes and there is also go o d information

ab out the rotation of the plate with resp ect to the scanning axis; p ost-pro cessing could rotate
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and extract the information on the plate with more accuracy .

Figure 2: Close-up of a w a v elength calibration exp osure

Selecting a Camera and Optics

Starting with the premise that, for sp ectra, it w ould b e go o d to ha v e a small pixel size with a

large dynamic range, I w ould select a CCD camera with large pixel size (using binning) for the

dynamic range and a magnifying telecen tric lens to magnify the photo image so that the large

(binned) pixels of the camera w ere imaging on the order of a few (4{5 � ) of the target. Since

telecen tric lens systems are harder to �nd and get more exp ensiv e the larger the �eld of view, I

w ould prop ose in this case to in v estigate a CCD c hip and lens com bination that will just co v er

b oth the sp ectral and the calibration lines on either side of the sp ectrum. The limited sample

of plates I ha v e seen suggests that a scan width of 6 mm or so w ould capture all of the data in

one scan for most plates.

Using the ab o v e criteria, a pap er design migh t use a camera lik e the Dalsa P an tera 6M8 ( � $1K

with frame grabb er and soft w are). The CCD in that camera has 12- � square pixels. With 2

� 2 binning, the pixel area is 24- � square. That camera can record 7{10 frames p er second

with t w o taps, and half that with one tap. The camera has 3076 � 2048 pixels; it has a 14 bit

A{D con v erter, whic h matc hes w ell with 2 � 2 binning. With no binning, the 12- � pixel w ould

supp ort a true 12-bit dynamic range.

F or a lens for this camera, there are not to o man y options since most commercially-a v ailable

lenses are designed for CCDs in the size range 2{inc hes and under. Sill Optics mak es t w o that

are in teresting to consider: mo del S5LPJ0494 and mo del S5LPJ7255. The �rst lens magni�es

b y a factor of 4, and the second images 1:1. The �rst lens costs � $US 3500 and the second one

� $US 6200 (2009 prices).

Let's consider the system with the \494" lens and using 2 � 2 binning. The binned pixel size at

the image plane w ould b e 6 � , whic h is then scanning at a true 4233 dpi. The un-binned pixel

w ould b e 3 � , scanning at 8400 dpi. The binned pixel can supp ort 14 bits or p oten tially 16,384

linear ( > 4D) steps b et w een white and blac k lev els. The image area in either case w ould b e 8mm

� 6mm. With the CCD aligned to ha v e its long side parallel to the Y-axis, eac h frame w ould

capture the cen tral sp ectrum and the sp ectral calibration lines on either side of the sp ectrum.

If w e o v erlapp ed the framed b y 4 mm, for example, then it w ould tak e 50 frames to capture

the en tire sp ectrogram t wice. That w ould allo w pro cessing to a v erage out somewhat an y lens

distortions, and also to pro vide more data to help reduce the noise lev el. If w e allo w ed 2 seconds

for eac h frame and mo v e, it w ould tak e less than t w o min utes to scan a 200-mm sp ectrogram.

In the X-direction, if w e assume (for instance) that the cen tral sp ectrum is ab out 1.4 mm wide,

then there will b e more than 200 pixel v alue samples (or 400 un-binned) to add up. That should
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allo w for m uc h b etter estimations of the lo cation and sharpness of the sp ectral lines b ecause

the large sample size can a v erage out grain and em ulsion noise near the transition.

The lo cations of the calibration lines on either side of the sp ectrum can also b e used to detect

the angular misalignmen t of the plate to the scan axis. The data w ould no w b e collected in

a w a y that allo ws using the accuracy of the pixels on the CCD c hip to correlate b et w een the

calibration lines and the sp ectrum rather than relying on the mec hanical rep eatabilit y of the

scanner using m ultiple passes.

Alternativ ely , the camera with the 1:1 lens could b e used for direct plates, and p ossibly for

sp ectroscopic plates. In that case the dynamic range and the resolution w ould b e less than

ideal for sp ectrograms plates but the 12-bit range and 12- � pixels w ould b e quite go o d for the

direct plates. The frame on the image plane w ould b e 36 � 24 mm. With some o v erlap, the

required 8 � 7 = 56 frames w ould b e su�cien t to co v er a 8 � 10 inc h plate. Ov erlapping b y

half and taking t w o full mosaic images w ould require p erhaps 120 frames whic h (with the same

2 seconds to mo v e the plate b et w een eac h frame) it w ould tak e ab out 4 min utes to scan the

plate. The resolution of 12 � pixels w ould b e ab out 2100 dpi.

It should b e noted that the lens distortion for the 4X magnifying lens is sp eci�ed to b e less

than 0.05%, while the distortion of the 1:1 lens is 0.01%. It is easier to man ufacture lo w

distortion 1:1 double sided telecen tric lens systems b ecause the t w o sides of the lens systems

(symmetrical ab out the stop that mak es the lens double telecen tric) are iden tical. These lens

distortions can o v erwhelm the accuracy of the table mo v emen t, but they can also b e mapp ed

and calculated out during computer-pro cessing of the images. W e also found from the Harv ard

D ASCH design (Simco e 2006) that con trolling 
are in the lens system is critical to ac hieving

high system con trast (MTF). W e had the man ufacturer mak e sure the edges of the lenses w ere

blac k ened and had the in terior of the lens moun t coated with blac k 
o c k pap er in order to

minimize in ternal re
ections and 
are. The lens is the one piece of the system where it is wise

not to sacri�ce qualit y in the hop e of sa ving money .

Mec hanical Scanning

F or sp ectroscopic plates, with an optical system as describ ed ab o v e there is only the need to

scan along a single axis. A new mec hanical design for a sp ectrum-only digitizer could use a

mo dern air-b earing axis design or ev en a less exp ensiv e high-qualit y mec hanical b earing stage.

Both of those kinds of stages can ev en b e found on Eba y at reasonable prices as equipmen t

from the semiconductor industry is surplused.

Ho w ev er, some groups ma y already o wn a PDS mac hine (or p erhaps can acquire one that is

surplus), so it mak es sense to consider a design that simply mo di�es them b y up dating the

con trol and computer system. The in terface in to the PDS serv o p ositioning system is relativ ely

straigh tforw ard. A short serial data stream commands the serv o system to go to a particular

X-Y p osition at a particular sp eed. That allo ws the complete driv e system of the PDS to b e

reused. A new computer system running the XP

TM

op erating system can b e used b oth to run

the PDS table and to capture the images from the camera. The camera system men tioned

ab o v e included a frame grabb er that w orks on the mo dern PCI-e I/O bus a v ailable on most

motherb oards to da y .

Ligh t System

The �nal piece of the system that m ust b e c hanged is the ligh t source. The ligh t source of
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the PDS and its optics can b e discarded and replaced b y an LED source. The basic principles

used in the D ASCH design can b e follo w ed. A di�used source that can b e con trolled b y the

computer w ould allo w a wider range of exp osure con trol than the mec hanical sh utter whic h the

camera pro vides. The source can also b e co oled to main tain it at a constan t temp erature.

Soft w are

Most of the soft w are is a v ailable for this pro ject. It w ould ha v e to b e in tegrated in to a w orking

whole, ho w ev er. In addition, some soft w are w ould need to b e dev elop ed or mo di�ed to analyze

the sp ectra.

Hardw are design needed

Most of the hardw are in this pap er design exercise is readily a v ailable. It do es require replacing

the en tire optical system of a PDS mac hine. The critical replacemen t parts (e.g. camera, lenses

and computer) are a v ailable commercially , but some mec hanical design and some custom parts

w ould need to b e man ufactured to moun t all of the new optical comp onen ts and to create the

ligh t source. There w ould also probably need to b e some sp ecialized �xture dev elopmen t for

eac h site to hold whatev er v ariet y of direct and/or sp ectrograms w as b eing used.

Conclusion

F rom this pap er design exercise, it seems to b e quite feasible to dev elop a standardized design

to retro�t PDS 1010 and PDS2020 mac hines to do high-qualit y digitization of b oth sp ectra

and direct astronomical plates. I w ould estimate the con v ersion cost to b e of the order of $

US 50K (for parts and lab or) to upgrade a mac hine once a basic design is established and

pro v en . Mo difying eac h mac hine migh t incur additional exp ense to bring it up to standard if

it has not b een prop erly main tained. The resulting mac hine w ould b e fast enough to digitize

most collections, accurate enough to capture the information on the plates, and w ould b e more

a�ordable than an y totally new design b y reusing the X-Y table and serv o system of existing

PDS mac hines.
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Some Commen ts on the Previous Article

E. Gri�n (elizab eth.gri�n@nr c.gc.c a)

(1) The presen t b ottlenec k in deriving digital sp ectra from sp ectrograms is not the slo w sp eed of

a traditional PDS but the thorough analyses of the output. The most critical stage is deriving

the in tensit y calibration, whic h is crucial to the qualit y of the end pro duct. The statemen t,

\some soft w are w ould need to b e dev elop ed or mo di�ed to analyze the sp ectra" (see Soft w are ,

p. 23) rather understates that c hallenge.

(2) In tensit y-calibration exp osures m ust also b e scanned, if a v ailable. Lo w-disp ersion sp ectra,

and some older ones, ma y carry sp ot-sensitometer dots, but sp ectrograms exp osed in an o�-axis

sp ectrograph should sho w a raster of strips whose v ariation in in tensit y b ears vital information

ab out the resp onse of that em ulsion to ligh t, and its w a v elength dep endence. Those strips

o ccup y ph ysically at least as m uc h space on the plate as do es the star sp ectrum plus arcs, and

often there are t w o suc h sets supplemen ting eac h other. The time (and instrumen t design) to

scan \sp ectrum plates" will therefore b e somewhat longer (and more complex) than is prop osed

here. Most on-axis sp ectrograms will ha v e separate calibration exp osures, usually from a lo w er-

disp ersion sp ectrograph.

(3) The p oin t (top of p. 21) that the grain y nature of an arc line can cause problems in

cen troiding on it applies just as m uc h to an image. Graininess is inheren t, and pro vided one

captures the a v ailable information at appropriate Y-p ositions, maximal results can b e extracted

whatev er the scanning tec hnology .

(4) It seems to ha v e b een assumed that sp ectrographs (and astronomers) tak e p erfect sp ectro-

grams. Unfortunately that is rarely true. The arc lines really can b e displaced with resp ect

to one another if the sp ectrograph lac ks collimation, the star/arc lines can b e sligh tly slan ted

to the orthogonal, or the calibrations can b e incorrectly exp osed. Ov erlo oking those problems

could cause un w an ted e�ects to b ecome translated in to an attribute of the stellar sp ectrum.

Errors in the fo cus, for instance, whic h are usually in tro duced through the camera b eing tilted

wrongly , can sho w up as a radial-v elo cit y v ariation with w a v elength. This is not to sa y that

the design prop osed ab o v e will not cop e, but rather that one cannot judge a PDS on its output

alone.

(5) PDS mac hines are less common no w ada ys among observ atories than the article supp oses,

and since the things are obsolete, observ atories are not ab out to acquire them. Plate-scanning

ma y therefore b est b e limited to sp ecialist `cen tres' (e.g. Harv ard Observ atory , R OB Brussels

(p. 10), the SV O (p. 29).
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Digital Arc hiving at Haute Pro v ence Observ atory

Ser gio Ilovaisky (ser gio.ilovaisky@o amp.fr)

Three y ears ago a news item ab out OHP arc hiving e�orts app eared in this newsletter. Here I

wish to bring y ou up to date on our e�orts.

Sp ectroscopic observ ations at Haute Pro v ence ha v e b een one of the traditional observ atory

activities since its founding b efore W ord W ar I I. During the photographic plate era, an e�ort

w as made b y Dr. F ehren bac h, then OHP director, to main tain a curren t list of all sp ectra tak en

with the instrumen ts a v ailable. The p olicy w as to gran t the observ er exclusiv e use to his/her

data but to ask for return of the plates after analysis so that they could b e made a v ailable to

other users, the data tak en at the Observ atory b eing ultimately the prop ert y of OHP .

A series of b o oklets w as issued in mimeograph, listing all the sp ectroscopic plates tak en in

order of sky co ordinates. The plate collection, called the Clichoth � eque , w as main tained and

the b o oklets w ere prepared b y Observ atory sta� un til the 1980s, when ev erything fell in to a

state of neglect (whic h con tin ues up to the presen t da y , in spite of m y e�orts). It w as further

aggra v ated b y the loss of the magnetic tap e, holding the en tries, that w as used to prin t out

the Clic hoth � eque listings, and culminated in a 
o o d of the plate stac k in 1987 and consequen t

loss of an unsp eci�ed n um b er of plates. More than 37,000 plates w ere exp osed with the coud � e

sp ectrographs of the 1.93-m and 1.52-m telescop es b et w een 1957 and 1989, but I do not kno w

the n um b ers of missing plates. Plates still k eep returning to OHP from time to time.

The arriv al of digital detectors in the 1980s brough t ab out a rev olution in astronom y , but

resulted in a serious loss of past data b ecause no systematic e�orts w ere made to k eep long-

term bac kup copies of the �les; 1600-bpi data tap es w ere o v er-written rep eatedly o wing to

budget restrictions, a situation similar to what w as happ ening at other observ atories.

A serious e�ort to \sa v e the bits" started in 1994 when the ELODIE � ec helle sp ectrograph,

featuring complete on-line data reductions, came in to op eration at the 1.93-m telescop e. Its

b eginnings w ere handicapp ed b y the use of di�eren t, unreliable media (magneto-optical disks

and d a t tap es), but a go o d solution w as �nally found in the form of a�ordable CD-R OM

burners, whic h b ecame the default bac kup media as of Octob er 1995.

In spite of that, and b ecause the ELODIE pro ject did not include an y systematic indexing of

the sp ectra in a database, retriev al of existing observ ations from the original CD-R OMs w as a

fully man ual-only exercise in b o ok-k eeping and disc duplication un til 2003, when a join t pro ject

with Philipp e Prugniel (Observ atoire de Ly on), Caroline Soubiran (Observ atoire de Bordeaux)

and I pro duced an easy-to-use W eb in terface whic h queries a P ostgreSQL database, named the

ELODIE A r chive (h ttp://atlas.obs-hp.fr/elo die/). It necessitated loading all the data from the

existing d a t tap es and the 400+ CD-R OMs in to a dell P o w erEdge serv er with enough disk

space in the form of a RAID5 arra y , a system purc hased with a gran t from O AMP/Marseille

(The complete ELODIE data-set tak es only 150 Gb).

That computer database

1

, holding almost 35,000 sp ectra of whic h 90% are no w public, has seen

increasing use during the last couple of y ears, with 27 refereed publications app earing b et w een

2005{2008 that w ere based on data retriev ed from the ELODIE A r chive . W e are happ y to see

that not only are the ELODIE data no w safe in a secure computer en vironmen t (with bac kup

1

h ttp://atlas.obs-hp.fr/elo die/Arc hiv al ELODIE Pubs.h tml)
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duplication) but also that they are actually useful to astronomers the w orld o v er! A subset

of the b est data for 1962 stars, pac k aged as the ELODIE Libr ary b y Prugniel and Soubiran,

ha v e also b een used extensiv ely b y the in ternational comm unit y (26 refereed pap ers published

b et w een 2005{2008). It is in teresting to re
ect that stellar red-shifts from the Sloan Digital

Sky Surv ey are based on templates from the ELODIE Libr ary .

When the ELODIE sp ectrograph electronics unexp ectedly failed on 2006 18 July , the replace-

men t instrumen t, SOPHIE , w as in the �nal phases of in tegration and testing. W e decided not to

commit manp o w er to repair the fault y electronics but instead to go full sp eed ahead and bring

SOPHIE to op erational status as so on as p ossible. First ligh t at the telescop e on 2006 31 July

w as follo w ed b y a testing and scien ti�c v alidation p erio d whic h led to the sp ectrograph b eing

op ened for public used in Octob er of the same y ear. With m uc h b etter throughput than its pre-

decessor, SOPHIE has already b een a v ery successful instrumen t (25 refereed pap ers published

b et w een 2006 and Marc h 2009). It is mainly b eing used in the h un t for extra-solar planets, as

w as ELODIE and for follo w-up w ork of COR OT targets, but also for stellar seismology studies

and for preparations for the GAIA space mission.

F rom the start of the SOPHIE � ec helle sp ectrograph pro ject I w an ted to asso ciate it with a p o w-

erful digital arc hiving system. This is no w fully op erational, with the data, b oth ra w and fully

reduced, en tering the database automatically on the afterno on follo wing data acquisition, and

completely b y-passing man ual arc hiving to CD-R OM. More than 30,000 sp ectra ha v e already

b een indexed in that w a y , and are a v ailable on-line at h ttp://atlas.obs-hp.fr/sophie from a ded-

icated Apple Xserv e mac hine and asso ciated xraid arra y , whic h no w also hosts the ELODIE

data. The prop ert y p erio d for new data is one y ear, but k ey pro jects b ene�t from a 5-y ear

protection p erio d. (Those data are still made a v ailable after one y ear, but ha v e the time infor-

mation mask ed). The database w as created as a join t pro ject with Prugniel, but it still needs

additional soft w are dev elopmen t to bring it to the same lev el of completeness as the ELODIE

database.

Digital data from the OHP 1.52-m and 1.20-m telescop es are still regularly copied to CD-

R OM/D VD-R OM but are not y et a v ailable on-line. There are v ague plans to do so, but funding

has not b een forthcoming. Of course, those data are all in ra w format, so it w ould b e necessary

to reduced them b efore making them a v ailable. That in itself is, as y ou all kno w, a formidable

task.

My requests for funding to clean, preserv e and in v en tory the OHP plate stac ks ha v e not y et

b een successful, but the Observ atory Director, Mic hel Bo er, is supp ortiv e of m y e�orts. W e are

curren tly lo oking in to sev eral p ossible sources, in particular the F renc h Ministry of Culture, b y

linking the fate of the plates with the preserv ation of historic sp ectrographic instrumen ts, some

of whic h w e hop e will b e presen ted to the public in an appropriate setting.

In preparation for this, I am curren tly w orking on a W eb site whic h deals with the dev elopmen t

of astroph ysics in F rance based on OHP facilities. The �rst pages describing the t w o �rst small

prism sp ectrographs used at OHP are no w a v ailable

2

,

3

, but only in F renc h for the momen t.

The imp ending demise of the OHP photographic lab oratory renders it particularly urgen t to

sa v e and preserv e the historic photographs of instrumen ts and building construction from the

1940s. I ha v e already scanned photographs and plates to serv e b oth for a planned `history'

2

h ttp://www.obs-hp.fr/www/histoire/trem blot/trem blot.h tml

3

h ttp://www.obs-hp.fr/histoire/sp ectroC/sp ectro C.h tml
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W eb-site and for the Ministry of Culture e�orts, whic h also in v olv e an o�cial in v en tory of our

historic buildings. I regret to ha v e to announce that the 1.52-m coud � e sp ectrograph has b een

disassem bled and the mec hanical parts discarded. The 1.93-m coud � e sp ectrograph has already

su�ered a similar fate, but the mec hanical parts are still k ept somewhere in the w o o ds.

Bo ok Review: \Brough t T o Ligh t"

R eviewer: A.C. Davenhal l, Edinbur gh University (ac d@r o e.ac.uk)

Corey Keller (Ed.), 2008, San F rancisco Museum of Mo dern Art and Y ale Univ ersit y Press,

New Ha v en and London, Hardco v er, ISBN: 9780300142105, ISBN-10: 0300142102, pp. 215, 207

illustrations. $(US)50.00.

Br ought to Light is the catalogue of an exhibition of the same name on the sub ject of early

scien ti�c photograph y in the p erio d 1840{1900. The exhibition ran at the San F rancisco Mu-

seum of Mo dern Art from Jan uary to Octob er last y ear and then transferred to the Alb ertina

in Vienna. Both exhibition and catalogue are divided in to a n um b er of thematic sections:

microscop y , astronom y , motion studies, electricit y and magnetism, X-ra ys and �nally spirit

photograph y . The astronom y section is of most immediate in terest, and includes a selection of

arresting early photographs of the Mo on, Sun, eclipses, planets, star �elds and nebulae. Ho w-

ev er, the non-astronomical sections con tain man y unfamiliar and un usual images that are also

lik ely to b e of in terest. The inclusion of a section on spirit photograph y seems o dd no w, but in

the nineteen th cen tury the sub ject w as approac hed scien ti�cally , at least in some quarters.

Br ought T o Light is a sumptuously pro duced hardbac k. It is full of striking photographs,

excellen tly repro duced, man y of whic h w ould b e otherwise di�cult to obtain. There are four

in tro ductory essa ys and eac h section also has its o wn shorter in tro ductory essa y . The one for

the astronom y section is b y Marie-Sophie Corcy of the Mus � ee des Arts et M � etiers, P aris. The

v olume seems lik ely to b e of in terest to man y readers of SCAN-IT .
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Unexp osed Photographic Plates Av ailable

N. Zacharias (nz@usno.navy.mil)

The US Na v al Observ atory is the proud o wner of ab out 200 Ko dak glass plates. They are

unexp osed, \fresh" plates, ready to b e used at a telescop e, if there is a plate holder. The

follo wing table giv es the in v en tory:

Plate Size Em ulsion Num b er of

(inc hes) t yp e plates

8 � 10 � 0.060 TMP113 24

8 � 10 � 0.060 TCF1A5 12

8 � 10 � 0.060 103a-O 144

8 � 10 � 0.060 103a-G 36

8 � 10 � 0.250 103a-G 12

In terested parties who ha v e the capabilit y to use these plates should please con tact me at

nz@usno.na vy .mil; T el: +001-202-762-1423 . If y ou kno w someone who migh t b e in terested,

please pass on this message. The plates are from the 1990s and ha v e b een k ept in a freezer.

They should therefore still b e of go o d qualit y for taking pictures of the sky .

This migh t b e the last opp ortunit y in history to do so!
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Scanning Service for Photographic Sp ectra

Elizab eth Gri�n (elizab eth.gri�n@nr c.gc.c a)

I am pleased to announce the commencemen t of a mo dest service to digitize photographic

sp ectra. The plates can either b e from the D A O/HIA arc hiv e, or sen t from elsewhere; in

the latter case they need to b e accompanied b y relev an t observing details (log-b o ok pages or

equiv alen t). The routine output consists of 1-D sp ectra in relativ e in tensit y units, in equal

w a v elength steps and with the con tin uum normalized to 100%.

The scanning is carried out on the D A O's PDS micro densitometer. The scanning and part

of the data reduction is b eing done b y a trained tec hnician under m y sup ervision, under the

auspices of the W orld Sp ectra Heritage (WSH). Since w e are b oth v olun teers, some pa ymen t

for this service is in order. The rate is fully negotiable, since the w ork-load dep ends on the t yp e

of plate and the nature of the sp ectra to b e extracted, and will b e in con tract with the WSH.

As a rough guide, at presen t it ma y tak e 4 hours to digitize, calibrate, pro cess and extract a

sp ectrum; a suggested rate is around 40 $CAN p er hour. Ho w ev er, a pip eline for data reductions

is b eing dev elop ed, and large quan tities of plates of the same ph ysical format should then b e

pro cessed considerably more quic kly . A t presen t a small prop ortion of an y income needs to b e

set aside b y the WSH for main tenance and an y repairs of the PDS.

All extracted sp ectra will b e loaded on the CADC W ebsite, but access to sp ectra that ha v e

b een sp eci�cally requested will b e limited to the In v estigator for a proprietary p erio d (to b e

negotiated).

This is the �rst ma jor stride to w ards realising the SV O (the Sp ectroscopic Virtual Observ a-

tory). One long-term ob jectiv e is to digitize a ma jor part of the D A O's o wn collections (whic h

include 16000+ high-disp ersion sp ectra from the 1.2-m coud � e and 93000 sp ectra from the 1.8-m

cassegrain) using t w o PDSs, one giving priorit y to requests and the other steadily scanning

large quan tities of similar-format plates.

2009 July
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