
COMMISSION 9 : INSTRUMENTS AND TECHNIQUES 

R e p o r t of M e e t i n g s , 1 5 , 1 6 , 1 7 a n d 22nd August 1979 

PRESIDENT: J . Ring 

R e p o r t of t h e P r e s i d e n t 

S i n c e t h e 1 6 t h G e n e r a l Assembly i n G r e n o b l e , an I . A . U . Co l loqu ium (No.50) had 
been h e l d i n Mary land u n d e r t h e a u s p i c e s of Commission 9 on t h e s u b j e c t of "High 
Angu la r R e s o l u t i o n S t e l l a r I n t e r f e r o m e t r y " . The p r o c e e d i n g s of t h e c o l l o q u i u m had 
b e e n p u b l i s h e d - c o p i e s w e r e a v a i l a b l e from Dr J . D a v i s , P h y s i c s D e p a r t m e n t , 
U n i v e r s i t y of Sydney, A u s t r a l i a . 

F o l l o w i n g a s u g g e s t i o n from DrE.H. R i c h a r d s o n and Dr G. O d g e r s , d i s c u s s i o n s had 
begun on t h e p o s s i b i l i t y of a Symposium b e i n g h e l d a t Ze l enchuk ( t h e s i t e of t h e 
U . S . S . R . 6m t e l e s c o p e ) on t h e s u b j e c t of " I n s t r u m e n t a t i o n f o r L a r g e O p t i c a l T e l e 
s c o p e s " . I t h a d p r o v e d i m p o s s i b l e t o o r g a n i s e such a m e e t i n g b e f o r e t h e 17 th 
G e n e r a l Assembly b u t t h e c o r r e s p o n d e n c e would be p a s s e d on t o t h e new P r e s i d e n t . 

The P r e s i d e n t e x p r e s s e d h i s t h a n k s t o t h e Chairmen of Working Groups who had 
h e l p e d i n t h e p r o d u c t i o n of t h e " R e p o r t of Commission 9 " . Two m i s t a k e s had been 
p o i n t e d o u t and h e t ook t h i s o p p o r t u n i t y of c o r r e c t i n g them: 
1) In the sec t ion on image i n t e n s i f i e r s i t was repor ted on page 7 t ha t "On the 
6m te lescope the spectrum of a 16.7 magnitude s t a r i s recorded in one hour". The 
exposure was a c t u a l l y s i x minutes. 
2) In the sec t ion on t e l e v i s i o n - t y p e systems i t was s t a t e d t ha t "At P r ince ton , 
Lowrance i s continuing development of the 70: mm SEC s y s t e m . . . . " In f a c t , t h i s work 
was discont inued in 1977. 

Business Meeting, 15th August 

Dr E.H. Richardson was e l ec t ed P r e s i d e n t , there being no other nominations. 
A b a l l o t was held for the of f ice of Vice-Pres ident and membership of the Org

an is ing Committee with the following r e s u l t ( the r e t i r i n g Pres iden t i s customarily 
i n c l u d e d ) : - Vice P re s iden t : W.C. Liv ings tone . Committee members:- W.B. Burton; 
P. Connes; I.M. Kopylov; A. Labeyrie ; D. MacMullan (Chairman of Working Group on 
De tec to r s ) ; A.B. Meinel; N.N. Mikhel 'son; J . Ring (Ret i r ing P r e s i d e n t ) ; N. Steshenko; 
G.A.H. Walker; M.F. Walker. 

I t was agreed a f t e r d iscuss ion tha t the Chairmen of Working Groups, who should 
be e lec ted by the Working Groups, should be co-opted to the Organising Committee. 
They are as fo l lows : - R. Albrecht (Working Group on Data P rocess ing) ; J . Davis 
(Working Group on High Angular Resolut ion In te r f e romet ry ) ; J .L . Heudier (Working 
Group on Photographic Problems); J . Rosen (Working Group on Large Telescope Pro
j e c t s ) . 

Following the decis ion a t the 16th General Assembly to remove inac t ive members 
from the Commission and to encourage new ac t ive members, the re had been many a p p l i c 
a t ions for membership. The l i s t was d i s t r i b u t e d and, a f t e r d i scuss ion , a l l the 
appl icants were e l ec t ed to membership. 

Working Groups 

The Pres iden t pointed out tha t two of the Working Groups were s t i l l only i n 
formal ones (Data Process ing and High Angular Resolut ion In t e r f e romet ry ) . I t was 
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agreed t h a t they should henceforth be formally c o n s t i t u t e d . A discuss ion ensued on 
the ro le and organ isa t ion of the Commission's working groups. I t was agreed t ha t 
t h e i r functions inc luded : -

(a) The exchange of information between members 
(b) The p repara t ion of I.A.U. r epor t s 
(c) The organ isa t ion of meetings a t I.A.U. General Assemblies and elsewhere. 

The f i r s t function suggested tha t 'membership' of the Working Group (which 
might in p r a c t i c e mean inc lus ion in a mail ing l i s t ) should preferab ly be open to 
a l l members of the I .A.U. , w h i l s t the o ther functions requi red there to be a 
nucleus (or Committee). I t was agreed tha t Working Groups should e l e c t t h e i r 
Chairmen and Committee members a t General Assemblies and t ha t the composition of 
the Working Group (or i t s mail ing l i s t ) should be l e f t to the d i s c r e t i o n of ind
iv idua l groups. 

Working Group on Detectors (D. MacMullan) 

The group held a meeting on 16 August a t which the following papers were p r e 
sen ted . 

CHARGE COUPLED DEVICES (CCD's)(W. Livingstone) 
A v a i l a b i l i t y and device c h a r a c t e r i s a t i o n are our concern he r e . We note the 

F a i r c h i l d 201 and 202 (100x100 p i x e l s ) a re d iscont inued. The F a i r c h i l d 211 
(190x244, J b l i n d , NEC * 20e, QE -\. 12%) and the F a i r c h i l d 221 (488x380, J b l i n d , 
30(12) x 18y p i x e l s , QE "v 12%) are now in use . F a i r c h i l d proposes a modified ver 
sion for astronomy in which the aluminium e lec t rodes are removed. This should i n 
crease the QE to about 50% a t 7500A. No doubt other commercial CCD sources of 
i n t e r e s t to astronomers w i l l soon en t e r the market. 

Because the F a i r c h i l d p i x e l s i t e s are th ick (^ 250y), t h e i r c ross - sec t ion to 
cosmic rays i s h igh . Marcus, Nelson and Lynds (SPIE v o l . 172, 205 (1979)) repor t 
1 event/cm^/min, wi th each event covering severa l p i x e l s . Exposure time i s thus 
l imi ted to a few minutes. "Thinning" the array would p ropor t iona te ly reduce t h i s 
problem. 

The above CCD's have no response X < 4000A. Blue s e n s i t i v i t y may be achieved 
by thinning (and back i l lumina t ion) or by over-coat ing the array with f luorescent 
dyes ( J . Westphal) . Spec t ra l enhancement for 2000 < X < 4000A i s obtained with 
severa l organic m a t e r i a l s : Pyrene, Liumogen, and Corronene (W. B e l l , KPNO). Ruby 
i s suggested (Appl.Optics JJS, 2085 (1979)) but may be impossible to remove in case 
of deposi t ion e r r o r . 

Cooling the CCD to T < -100°C v i r t u a l l y e l imina tes p i x e l - t o - p i x e l dark current 
and genera l ly improves uniformity. "F l a t f i e l d ing" i s unnecessary for many a p p l i c 
a t i o n s . 

Providing the temperature and cont ro l vol tages (and timing) are su i t ab ly reg
u l a t ed r e p r o d u c i b i l i t y to 1% i s r e a l i s e d . 

ELECTRONIC IMAGING DEVICES IN SPACE ASTRONOMY (G.R. Carruthers) 
This paper reviews the cur ren t and future app l i ca t ions of e l e c t r o n i c imaging 

devices in space astronomy: (1) cur ren t f l i g h t missions in which e l e c t r o n i c imaging 
devices are the primary astronomical data g a t h e r e r s , (2) cu r r en t ly approved future 
missions in which e l e c t r o n i c imaging devices w i l l be used, and (3) a sampling of 
proposed, bu t not y e t approved, fu ture space astronomy i n v e s t i g a t i o n s of t h i s t ype . 

The cur rent f l i g h t missions include two astronomical s a t e l l i t e s , the I n t e r 
n a t i o n a l U l t r a v i o l e t Explorer (IUE) , and the second High-Energy Astronomical Observ
atory (HEAO-2, or E i n s t e i n ) . IUE uses i n t e n s i f i e d SEC vidicons to record two-dim
ensional c rosg-dispersed eche l l e s p e c t r a of 0.1-0.2A r e s o l u t i o n in the 1150-1950A 
and 1900-3200A wavelength r anges , or low-dispersion (6A r e s o l u t i o n ) spec t ra in the 
same wavelength ranges . E in s t e in uses a graz ing- incidence te lescope to image 
X-rays in the 0 .2-4 keV range, with e i t h e r of two imaging d e t e c t o r s : (a) an Imaging 
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Propor t iona l Counter, which has about 1 a rc minute angular r e s o l u t i o n and 0 .5° 
f i e l d of view, with high de t ec t ive e f f i c i ency , and (b) a High Resolut ion Imager, 
based on a chevron microchannel p l a t e with c rossed-gr id readout , having 3 a rc sec 
r e so lu t ion but somewhat lower de t ec t i ve e f f i c i ency . 

Also among cur rent missions a re numerous sounding rocket i n v e s t i g a t i o n s by 
workers a t a number of i n s t i t u t i o n s . Detectors include microchannel image i n t e n s -
i f i e r with phosphor output and fi lm recording (Goddard Space F l i g h t Cente r ) , micro-
channel de tec to r s with r e s i s t i v e anode or d i s c r e t e anode readouts (Universi ty of 
Cal i forn ia /Berke ley , Johns Hopkins Unive r s i ty , Naval Research Laboratory , Univers i ty 
of Colorado) anj} e l ec t rog raph ic cameras using a l k a l i ha l i de photocathodes ( s ens i 
t ive below 2000A), by NRL. 

Approved future i n v e s t i g a t i o n s include experiments on the Spacelab 1 and 
Spacelab 2 miss ions , and the Space Telescope. Spacelab 1 w i l l include the FAUST 
wide- f i e ld a l l - r e f l e c t i n g camera (Marsei l les Observatory, France) which uses an 
MCP i n t e n s i f i e r with f i lm record ing , and a s e t of airglow spectrographs covering 
the 300-10,000A wavelength range , provided by the Univers i ty of Michigan, using 
MCP i n t e n s i f i e r s coupled to CCD a r r ays . Spacelab 2 w i l l use a CCD de tec to r as pa r t 
of the Lockheed s o l a r polarimeter/magnetograph, and microchannel p l a t e de tec to r 
with d i s c r e t e anode readout as p a r t of an extreme u l t r a v i o l e t s o l a r spectrograph to 
be provided by the Appleton Laboratory and Univers i ty Col lege , London. 

The Space Telescope s c i e n t i f i c instruments use a v a r i e t y of imaging d e t e c t o r s . 
The Wide F i e ld /P l ane t a ry Camera (Cal i forn ia I n s t i t u t e of Technology) w i l l use 
800x800-element CCD ar rays as the image senso r s . The ESA-provided Fa in t Object 
Cameras w i l l u t i l i z e image in tens i f i e r / e lec t ron-bombarded s i l i c o n t a r g e t camera 
tubes in photon-counting mode. The Fa in t Object Spectrograph (Universi ty of Calif-
omia /San Diego) and the High Resolut ion Spectrograph (Goddard Space F l i g h t 
Center) w i l l u t i l i z e 512-element l i n e a r array ( ind iv idua l readout) Digicon de tec 
t o r s , a l so in photon-counting mode. 

Proposed i n v e s t i g a t i o n s for future Shut t le /Spacelab missions include both 
smal l , sounding-rocket -c lass i n v e s t i g a t i o n s and l a r g e r i n v e s t i g a t i o n s based on 
moderate-sized tg l e scopes . In the f i r s t c l a s s a re a h i g h - r e s o l u t i o n spectrograph 
for the 900-1315A range proposed by Pr inceton Univers i ty using an electron-bom
barded CCD d e t e c t o r , as well as NRL proposals based on e l ec t ro g rap h i c Schmidt cam
eras (a d i r e c t imaging/object ive spectrography sky survey experiment, and a nebular 
spectrograph experiment) . Larger instruments include a 0 .8 -mete r -aper tu re a l l - r e f 
l e c t i ng Schmidt t e l e scope , covering 5° f i e l d s of view with 1 to 2 arc sec r e s o l 
u t ion (primary wavelength range 1250-2000A) intended for deep surveys in the far 
UV, and a Spacelab f a c i l i t y t e l e scope , STARLAB, based on a 1-meter aper tu re 
Ritchey-Chret ien te lescope and capable of imaging 0 .5° f i e l d s of view with 0.2 arc 
sec r e s o l u t i o n . These l a t t e r two instruments would use large-format (120-180 mm 
image d iameter ) , h i g h - r e s o l u t i o n e l ec t rog raph ic cameras as the image d e t e c t o r s . 

MULTI-ANODE MICROCHANNEL ARRAYS (J.G. Timothy) 
Multi-anode MicroChannel Arrays (MAMA's) are a family of p h o t o e l e c t r i c photon-

counting a r ray de t ec to r s being developed for use on both ground-based and space-
borne t e l e scopes . The MAMA de tec to r system combines the s e n s i t i v i t y and photometric 
s t a b i l i t y of a conventional pho tomul t ip l i e r tube with a h i g h - r e s o l u t i o n imaging 
c a p a b i l i t y . MAMA de tec to r s can be operated in a windowless conf igura t ion a t ex
treme u l t r a v i o l e t and sof t X-ray wavelengths or in a sea led conf igurat ion a t u l t r a 
v i o l e t and v i s i b l e wavelengths. Prototype MAMA de tec to r s with up to (512x512) 
p ixe l s are now being evaluated in the labora tory and the f i r s t te lescope observ
a t ions with a (10xl0) -p ixe l v i s i b l e - l i g h t de t ec to r have j u s t been completed. MAMA 
detec tors with 1x512 p i x e l s , 1x1024 p ixe l s and 16x1024 p i x e l s w i l l be operated on 
the Cassegrain spectrograph of the 24-inch te lescope a t the Univers i ty of Colorado 
during the next twelve months. 

ASTRONOMICAL APPLICATIONS OF TELEVISION CAMERA SYSTEMS EMPLOYING ELECTRON BEAM 
READOUT (J.Lowrance) 

Much of the development work on image sensors and systems for astronomy i s now 
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on s o l i d s t a t e devices . However, the app l i ca t ion of more conventional t e l e v i s i o n 
camera sensors i s now a major component in the ins t rumenta t ion a t astronomical ob
s e r v a t o r i e s throughout the world. Perhaps even more impor tant , these t e l e v i s i o n 
systems have served to t r a i n astronomers in the use of e l e c t r o n i c imagery and the 
data reduct ion assoc ia ted wi th i t s app l i ca t ion to astronomy. This experience makes 
the adapta t ion of the s o l i d s t a t e sensors to astronomical observat ions much e a s i e r 
and there fore r ap id . In most cases the computer for data a c q u i s i t i o n i s a l ready 
a v a i l a b l e , and the observatory s t a f f i s a t tuned to the task of applving e l e c t r o n i c 
image sensors to astronomical problems. Both Cerro Tololo and the Univers i ty of 
Hawaii have developed s u b s t a n t i a l systems employing s i l i c o n vidicons and SIT/EBS 
tubes con t ro l l ed by microprocessors or mini-computers as wel l as the necessary com
pu te r equipment and software for data reduct ion (PASP Vol .91 , v.120-139, 1979). 
Similar equipment i s in operat ion a t a few other observa tor ies and i t appears tha t 
almost a l l astronomical observa tor ies have some t e l ev i s ion -based observing system. 
Most of these systems employ the s i l i c o n v id icon , SIT or SEC tubes . (A summary of 
the current use of t e l e v i s i o n cameras in astronomical data app l i ca t ions was given 
by Prof. Lowrance which i s not reproduced h e r e . ) 

CAMERA ELECTRONIQUE (G. WIErick) 
G. WIErick donne des complements r e l a t i f s a l a photomEtrie par Electronographie 

ail t e lescope de 1.93 m&tre de l 'Obse rva to i r e de Haute-Provence. Toutes l es Emul
sions u t i l i s E e s en Astronomie son d'abord vErif iEes en l a b o r a t o i r e par A. S e l l i e r , 
G. Lelifevre e t lui-mSme. Trois propriEtEs sont examinees: s e n s i b i l i t y , hEtEro-
gEnEitiE e t l i n E a r i t E . 

Les Emulsions I l f o r d G5 e t Kodak Indus t rex (au t re nom Definix) son gEnEralment 
non l inEa i re s pour une densite" opt ique D > 1, mais e l l e s obEissent a une l o i simple 
a deux paramfetres comme l ' a v a i t vErif iE au t r e fo i s S. J e f f e r s (1968): 

Dg densite" a s a t u r a t i o n , E Eclairement , t temps de pose; pour l 'Emulsion Indus t rex , 
D„ v a r i e avec l e s l o t s , augmente avec l a tens ion d 'accElErat ion V e t vaut % 2.5 a 
4.5 pour V = 25 KV. 

Pour l 'Emulsion I l f o r d G5, Dg ^ 4 pour V » 25 KV. L'Emulsion L4 e s t en gEnEral 
l i nEa i re j u s q u ' a D = 4 pour V = 25 KV c ' e s t a d i r e que l a va leur de Dg e s t t r § s 
ElevEe (Dg ^ 10 a 20) ; lorsque l a tension d'acce' le 'ration diminue (V ^ 15 KV), un 
Ecart 5 la l i nEar i tE peut a p p a r a i t r e . 

I I e s t done e s s e n t i e l de mesurer l es propriety 's photomEtriques des Emulsions 
dans les condi t ions d'emploi astronomique. 

D 'aut re p a r t , l e f a i t que l a densite" opt ique e s t rEpresentable par une formule 
5 deux paramfetres seulement permet d ' e f f ec tue r facilement l es cor rec t ions photo
me'triques pour l es mesures effectuEes avec les microdensitom&tres t e l s que le P.D.S. 

Working Group on Large Telescopes (Chairman: J . Rosch) 

The following papers were presented on August 15th. 

THE INSTRUMENTATION OF THE 6M SOVIET TELESCOPE (I.M. Kopylov) 
Hera i s a shor t desc r ip t ion of the ins t rumenta t ion now in opera t ion : 

Prime focus 
1. Ritchey c a s s e t t e . 16x16 cm p l a t e s (= 15x15 a rc -minu tes ) . UBVR colour system. 
mlim (depending on colour) 23 - 2 4 . 5 . 
2. Three-s tage image tube device for d i r e c t photocathode <f ~ 40 mm, BVR colour 
system m,. = 2 4 - 2 5 . 
3. Photometer-polar imeter (two channels , ordinary UBVR photometry of f a i n t o b j e c t s ) . 
3a. Elaborated photometer-computer system aimed a t s tudying very fas t b r igh tness 
v a r i a t i o n s of o p t i c a l events around "black h o l e s " , neutron s t a r s and i n t r i n s i c va r 
i a b l e s t a r s . Timescale 10 - 10" ? s e c . Time r e so lu t i on = *40 nanoseconds. 
4. Two high speed spectrographs with seve ra l types of image tubes for spectroscopy 
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of f a i n t e x t r a g a l a c t i c agd s t e l l a r ob j ec t s . Dispers ion: 60 - 270°A/mm, from 3000A 
to nea r - i n f r a r ed ( = 9000A). m ^ ^ (depending upon wavelength) up to 19.5 - 20. 
4a. High speed spectrograph with TV 1000-channel photon-counter scanner con t ro l l ed 
and operated by computer and d i sp l ay . AX 3000-7000A, m ^ m * 19 .5 . 
5. TV and image tube devices for the guiding of f a i n t objects on the s l i t of the 
spectrograph. 

Secondary foci 
1. An eche l l e spectrograph with image tube. Two eche l l e g r a t i n g s : 100 and 
50 gr/mm, orders 11-20 and orders 16-25. Dispers ion: 30 - 60A/mm (depends upon 
g ra t ing and wavelength) . 
2. A spectrograph with high l i n e a r r e s o l u t i o n (along the s l i t ) with image tube. 
3. Three-camera la rge spect rograph. Two of these cameras are of Schmidt-type. 
Dispersion (depending upon camera, g r a t i n g , o rder , wavelength): 1.3 - 9 - 28 - 56A/mm. 
3a. Fabry-Perot magnetometer a t tached to l a rge camera of P .3 spect rograph. Con
t r o l l e d by computer. Aimed a t the determinat ion of f i e l d s t r eng th of magnetic 
s t a r s , m^£m = 8, accuracy of the magnetic f i e l d determinat ions down to *20 gauss. 
4. Speckle in ter ferometry device with image tube . m^£m = 8 (a t the moment). 
Accuracy of determinat ions of s t e l l a r angular d iameters : = *0"004. New ins t rument
a t ion cu r ren t ly being designed and b u i l t w i l l be described at the next General Assembly. 
THE 3.8 METRE UNITED KINGDOM INFRARED TELESCOPE (CM. Humphries) 

The new 3.8 metre U.K. In f ra red Telescope (UKIRT) has unique design fea tu res 
in both i t s s t r u c t u r e and i t s o p t i c s . By using a th in primary mir ror - very th in 
by t r a d i t i o n a l s tandards - i t has been p o s s i b l e to use a r e l a t i v e l y l ightweight 
support ing s t r u c t u r e and thereby obtain s u b s t a n t i a l cost sav ings , a f ac to r of a t 
l e a s t three over conventional designs of s i m i l a r a p e r t u r e . The CERVIT primary 
mirror has a mean d iamete r - to - th i ckness r a t i o of only 16 : 1 (compared to 6 : 1 or 
8 : 1 for a conventional l a rge mir ror ) giving a mass of 6 tons ins tead of 15 tons . 
I t i s supported a x i a l l y by 80 pneumatic pads d i s t r i b u t e d on three r a d i i and r a d i a l l y 
by 24 counterweighted lever arms. The te lescope has an English yoke mounting and 
the s t r u c t u r e has a mass of 80 t o n s , ins t ead of 300 or 400 tons . Rol le r bear ings 
have been used for the po la r and dec l ina t i on axes . 

The te lescope has now been e rec ted a t the 4200 metre (13800 f t ) s i t e a t 
Mauna Kea, Hawaii, and commissioning i s near ly complete. Three focal r a t i o s a re 
ava i l ab le - f/9 Cassegrain, f/20 coude" and f/35 Cassegrain with chopped secondary. 
In each case the secondary mir ror ac t s as an aper tu re stop and e l imina tes the poss 
i b i l i t y of thermal r a d i a t i o n from the tube s t r u c t u r e or mir ror c e l l being seen by 
the de t ec to r . 

The enc i r c l ed energy diameters for 90% of the inc iden t r a d i a t i o n are s l i g h t l y 
l ess than 1 arc sec for the f/9 image and 1.2 arc sec a t the f/20 focal p l ane . 
The f/35 system i s due to be t e s t e d wi th in the next few weeks. The o p t i c a l pe r 
formance of the te lescope has a l so been obtained in terms of an MTF and compared 
with measurements of the atmospheric seeing MTF a t the s i t e . 

At wavelengths above 8 micrometers the te lescope i s d i f f r a c t i o n - l i m i t e d and 
a t a l l wavelengths the te lescope MTF i s comparable wi th or b e t t e r than the atmos
pher i c MTF for the v i s i b l e reg ion . The absolu te po in t ing accuracy of the te lescope 
i s = 5 a rc sec RMS with computer cor rec t ions appl ied . 

The th in mir ror concept has been proved sound in i t s app l i ca t ion to UKIRT and 
can be used with advantage in o ther l a rge te lescopes planned for the fu tu r e . This 
appl ies equal ly to e q u a t o r i a l or a l taz imuth mounting. 

THE 3-METER INFRARED TELESCOPE FACILITY (E.E. Becklin) 
The Inf rared Telescope F a c i l i t y (IRTF) on top of Mauna Kea, Hawaii, became 

opera t iona l during the summer of 1979. In May, more than twenty-f ive 5 urn images 
of J u p i t e r were obtained which were used to help t a r g e t the Voyager I I spacecraf t 
during i t s July flyby of J u p i t e r . 

The NASA-supported f a c i l i t y i s run by the Univers i ty of Hawaii; i t w i l l go 
in to f u l l opera t ion in the F a l l of 1979 as a n a t i o n a l l y - a v a i l a b l e f a c i l i t y for 
in f ra red re sea rch . 
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The 3-meter te lescope meets a number of c r i t e r i a which makes i t p a r t i c u l a r l y 
good for in f ra red observa t ions : 
1. The te lescope i s s i t u a t e d on the summit of Mauna Kea (4120 meters) where there 
i s e x c e l l e n t year-round in f ra red t ransmiss ion , lower thermal sky f l uc tua t i ons and 
good "see ing" . 
2. The te lescope has an image q u a l i t y of 0'.'8 and an image s t a b i l i t y of 072; 
observat ions wi th b e t t e r than 1" r e so lu t i on are p o s s i b l e . 
3. The te lescope has a very low thermal background and therefore high s e n s i t i v i t y 
because of the small obscurat ion in the primary mir ror and small undersized second
ary mir ror . Tests a t 10 ym show tha t the te lescope can reach 0.005 Jy ( la) in one 
hour of i n t e r p r e t a t i o n . 
4. The te lescope has v e r s a t i l e f/35 Cassegrain and f/120 coude" chopping second
a r i e s . The Cassegrain system can e f f i c i e n t l y chop an in f ra red source a t 40 Hz with 
up to a 5 ' throw. 
5 . The te lescope can point very accura te ly across the sky to b e t t e r than 5" under 
computer con t ro l . 

LE TELESCOPE CANADA-FRANCE-HAWAII (R. Cayrel , J . Odgers) 
Le te lescope Canade-France-Hawaii a e"te" monte* en usine a La Roche l le -Pa l l i ce 

en octobre 1976 sous ab r i gonflable pour permet t re 1 ' i n t e g r a t i o n de l ' e ' l ec t ronique 
de commande rga l i sge au Canada e t proce*der aux e s s a i s avant envoi a Hawaii. La 
rupture du radome f in novembre a r r £ t a i t l e s t ravaux jusqu 'en mars 1977. L'inte"g-
r a t i on e t les e s sa i s en usine se sont ensu i t e poursu iv is de mars 1977 a debut a v r i l 
1978 e t permirent de co r r ige r quelques insuf f i sances s t r u c t u r a l e s avant le remont-
age sur l e s i t e . 

Le te lescope a 4ti de"monte" e t embalie d ' a v r i l a j u i l l e t 1978 e t e s t arrive" & 
Hawaii le 12 septembre 1978 a bord du nav i re "L i f t Off". Le re"montage sur le s i t e 
a iti effectue- de novembre 1978 a j u i l l e t 1979. 

C 'es t le 7 aout a 12 h 15 TU que la premi&re lumi&re a e'te' obtenue. Le 11 e t 
12 aout l e s premieres photographies du c i e l e"taient p r i s e s au foyer p r ima i r e . 

Le te lescope se ra opera t ionnel au foyer pr imaire dSs le debut de 1980 e t en
viron 40% du temps se ra a l o r s attribue" aux astronomes v i s i t e u r s . 

Le foyer coude" e t le foyer Cassegrain inf ra- rouge a f/35 seront mis en se rv ice 
vers l a mi-1980. Le foyer Cassegrain f/8 se ra mis en se rv ice seulement a l a f in de 
1980 a cause du r e t a r d dans l e po l i s sage du mi ro i r secondai re . 

Une dizaine d1 ins t ruments seront progressivement mis en fonction au cours de 
l'anne"e 1980 e t au debut de 1981. 

LE TELESCOPE DE 2 METRES DU PIC DU MIDI ( J . Rosch, G. Coupinot, G. Carpent ier ) 
La cons t ruc t ion de ce te lescope a £te" de"cide"e en 1964 en vue d ' e x p l o i t e r au 

mieux l a qualite" des images reconnue au P i c du Midi depuis l es travaux de B. Lyot 
e t de des con t inua teu r s . On s ' e s t efforce" de rassembler dans ce p r o j e t les so lu
t ions permet tant d'espe"rer l a me i l l eu re r e so lu t i on angula i re p o s s i b l e . En p a r t i c -
u l i e r , on a proce'de' a une etude en sou f f l e r i e de l a forme e t de l a s i t u a t i o n du 
s i l l a g e en fonction de l a d i r e c t i o n du ven t , e t cho is i l 'emplacement du te lescope 
en tenant compte des vents dominants. On a auss i adopte" un type de coupole concue 
pour g v i t e r tou t ^change d ' a i r e n t r e l ' i n t e " r i eu r e t l ' e x t g r i e u r , grltce a un j o i n t 
en t re l 'extremite" du tube e t l ' o u v e r t u r e c i r c u l a i r e mobile me"nage"es dans l a coupole. 
On pour ra , par l a « s u i t e , fermer l ' a v a n t du tube par une lame a faces p a r a l l e l e s . 

La r e a l i s a t i o n de 1 'opera t ion , confiee "A l'INAG, a debute en 1970 e t a subi de 
nombreux r e t a r d s , notamment en r a i son des intemperies ( t ravaux e x t e r i e u r s de ju in 
a oc tob re ) . La monture, e tudiee en meme temps que c e l l e du Telescope de 3m 60 CFH, 
estdu mfene type ( fer k cheval po r t an t l a denture d 'entrainement h o r a i r e ) . L 'en-
semble de l a monture e t de l a coupole e s t entierement p i l o t e par un o rd ina t eu r , un 
second p i l o t a n t 1 ' ins t rumenta t ion e t permettant le t r a i t ement des donnees. Le mir
o i r pr imaire e s t pa rabo l ique , ouvert a f / 5 . Un Cassegrain f/25 renvoie 1'image 
classiquement par l e t rou c e n t r a l du p r ima i r e ; un mi ro i r plan de lm 10 de diam&tre 
peut S t re i n se re dans l e tube pour renvoyer dans le mSme plan que le Cassegrain une 
image a f/5 (Montage du type S t r and ) . Onaprevu l a p o s s i b i l i t e u l t e r i e u r e d'un 
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f o y e r coude", e t au b e s o i n d ' u n C a s s e g r a i n f / 1 5 e t de r e"duc teu r s f o c a u x . 
L 1 i n s t r u m e n t a t i o n preVue dans une p r e m i e r e e"tape comprend des Cameras E l e c t r o n -

i q u e s , une Camera a comptage de p h o t o n s , un p h o t o m S t r e t r e s e^labore", un s p e c t r o -
g raphe pour o b j e t s f a i b l e s u t i l i s a n t des r e "cep teu r s CCD, e t un dquiperaent i n f r a -
rouge . 

On a t t e n d l a " p r e m i e r e l u m i e r e " p o u r l a f i n de 1979 , e t on e s p S r e que l ' i n s t r -
ument s e r a o p e r a t i o n n e l dans l e m i l i e u de 1980 . 

THE UK NORTHERN OBSERVATORY (G. Smi th) 
The UK p l a n s f o r a N o r t h e r n Hemisphere O b s e r v a t o r y a r e now m a t e r i a l i s i n g a t 

t h e Span i sh "Roque de Los Muchachos" O b s e r v a t o r y , on La Pa lma i n t h e Canary I s l a n d s . 
I n t e r n a t i o n a l a g r e e m e n t s on c o o p e r a t i o n i n a s t r o p h y s i c a l r e s e a r c h , wh ich gove rn t h e 
u s e of t h e o b s e r v a t o r y , we re s i g n e d b e t w e e n S p a i n , U . K . , Sweden and Denmark on May 
2 6 , 1979. C o n s t r u c t i o n of t e l e s c o p e b u i l d i n g f o r Swedish and B r i t i s h t e l e s c o p e s 
h a s a l r e a d y b e g u n . 

The 1-metre and 2 . 5 - m e t r e t e l e s c o p e s f o r UK a l r e a d y e x i s t : t h e 1-met re i s 
a p p r o a c h i n g c o m p l e t i o n a t Grubb P a r s o n s , and t h e 2 . 5 m e t r e i s t h e I s a a c Newton, 
a l s o a t Grubb P a r s o n s f o r i n s t a l l a t i o n of a new p r i m a r y m i r r o r and o t h e r i m p r o v e 
m e n t s . 

The d e s i g n s of t h e 4 . 2 - m e t r e t e l e s c o p e and i t s b u i l d i n g a r e a l m o s t c o m p l e t e . 
The a l t - a z i m u t h d e s i g n h a s l e d t o l a r g e e c o n o m i e s , b o t h i n t h e t e l e s c o p e moun t ing 
and i n t h e r e d u c e d dome s i z e . The aim i s t o h a v e a l a r g e , v e r s a t i l e , p r e c i s i o n 
t e l e s c o p e on an e x c e l l e n t s i t e . V e r s a t i l i t y i s a c h i e v e d i n t h e a l t - a z i m u t h d e s i g n 
th rough t h e a v a i l a b i l i t y of t h e C a s s e g r a i n and two Nasmyth f o c i , w i t h a s i m p l e and 
r a p i d i n t e r c h a n g e , as w e l l as t h e p r i m e f o c u s . 

The computer c o n t r o l of t h e t e l e s c o p e a l l o w s s t a r s t o b e t r a c k e d w i t h i n 1 /4° 
of t h e z e n i t h . F i e l d r o t a t i o n w i l l b e compensa ted f o r i n t h e i n s t r u m e n t m o u n t i n g s . 
P a r t i c u l a r a t t e n t i o n w i l l be p a i d i n a l l t h r e e t e l e s c o p e s t o t h e c o n t r o l of con
d i t i o n s w i t h i n t h e domes, s o t h a t f u l l a d v a n t a g e can b e t a k e n of t h e o u t s t a n d i n g l y 
good s e e i n g c o n d i t i o n s on La Pa lma . 

THE MULTIPLE MIRROR TELESCOPE (D.W. Latham) 
(A j o i n t p r o j e c t of t h e U n i v e r s i t y of A r i z o n a and t h e S m i t h s o n i a n A s t r o p h y s i c a l 

O b s e r v a t o r y ) . 
On May 9 , 1979 t h e f i r s t s c i e n t i f i c r e s u l t s from t h e M u l t i p l e M i r r o r T e l e s c o p e 

(MMT) were r e p o r t e d a t t h e MMT D e d i c a t i o n Symposium i n Tucson . Fo r t h e s e i n i t i a l 
a p p l i c a t i o n s t h e s i x images from t h e i n d i v i d u a l 7 2 - i n c h C a s s e g r a i n s y s t e m s were 
combined m a n u a l l y . At t i m e s of good s e e i n g t h e i n d i v i d u a l images a p p e a r e d s m a l l e r 
t h a n 1 a r c s e c o n d , and t h e combined image o c c a s i o n a l l y a p p e a r e d s m a l l e r t h a n 1.5 
a r c s e c o n d . The a b s o l u t e p o i n t i n g a c c u r a c y i s a l r e a d y a b o u t 5 a r c s e c o n d s , and 
u n d o u b t e d l y t h i s w i l l improve w i t h e x p e r i e n c e . Even w i t h o u t a c t i v e c o r r e c t i o n t h e 
images h o l d t o g e t h e r f o r 10 t o 30 m i n u t e s , and t h e t r a c k i n g i s v e r y smooth . Thus 
many of t h e a s p e c t s of t h e MMT d e s i g n , some of them i n n o v a t i v e , have a l r e a d y b e e n 
p r o v e n . The s i x l i g h t w e i g h t p r i m a r i e s h a v e b e e n f i g u r e d a c c u r a t e l y t o t h e same 
r a d i u s . The o p t i c a l s u p p o r t s t r u c t u r e , wh ich mus t c a r r y more t h a n 100 o p t i c a l 
e l e m e n t s , p e r f o r m s b e t t e r t h a n t h e d e s i g n g o a l . The a l t - a z i m u t h mount , w i t h i t s 
huge az imu th h i g h - a n g u l a r - c o n t a c t b a l l b e a r i n g , a l s o works w e l l . The c o - r o t a t i n g 
b u i l d i n g , which h a s a l l o w e d l a b o r a t o r i e s t o be b u i l t i n t o t h e s p a c e n o r m a l l y r e 
s e r v e d f o r t e l e s c o p e swing i n c o n v e n t i o n a l domes, h a s p r o v e n h i g h l y s u c c e s s f u l . At 
a t o t a l p r o j e c t c o s t of a b o u t 8 m i l l i o n d o l l a r s , t h e MMT f a l l s a t l e a s t a f a c t o r of 
2 below t h e c o n v e n t i o n a l c o s t c u r v e f o r a 4.5m o p t i c a l - i n f r a r e d t e l e s c o p e . The 
t e s t i n g and r e f i n e m e n t of t h e a c t i v e o p t i c s a r e now t h e main e n g i n e e r i n g e f f o r t s a t 
t h e t e l e s c o p e , w i t h 5 n i g h t s a week s c h e d u l e d f o r t h e e n g i n e e r s and t h e weekends 
f o r t h e a s t r o n o m e r s . We e x p e c t t h i s a l l o c a t i o n t o be 50 /50 by t h e end of 1979. 
U n t i l now t h e s c i e n t i f i c a p p l i c a t i o n s have used i n s t r u m e n t s bo r rowed from o t h e r 
S m i t h s o n i a n o r A r i z o n a t e l e s c o p e s . Major e f f o r t s a r e now g o i n g i n t o t h e d e v e l o p 
ment of f a c i l i t y i n s t r u m e n t s , e s p e c i a l l y i n f r a r e d sys t ems and a f a i n t o b j e c t s p e c t r 
og raph . 
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THE NASA SPACE TELESCOPE (N.G. Roman) 
The Space Telescope is designed to be the largest and best telescope which is 

economically feasible. The size, with a 2.4m mirror, is the largest which will fit 
comfortably within the length and weight limit of the Space Shuttle. The guaranteed 
quality of 0.075X wave-front error for the total system should be achievable with 
care, an accuracy of 0.05 X at X= 6300A is hoped for and expected. Even the guaranteed 
performance will give a resolution of better than 0.1 arc second throughout the 
visible and ultraviolet. The f/24 Ritchey-Chretien optics can be used to feed any 
one of five focal plane instruments. On the first launch, these will be two cameras, 
two spectrographs and a photopolarimeter. Instruments may be replaced in orbit by 
new instruments or the entire telescope can be returned to the ground for refurb
ishment. The cameras cover fields of view from 4 arc seconds to 2.7 arc minutes 
with angular resolutions increasing from 0.1 arc sec to the highest the optical 
system can provide in the smallest f.o.v. The spectrographs provide resolutions of 
2xK>£ and 1.2xl05 between 1050 and 3200A\ a resolution of 103 between 1050 and 
7500A and a resolution of 10^ between 1200 and 7500A. The photometer will have a 
time resolution of 16 ysec with a spectral resolution up to about 20A\ 

NEXT GENERATION TELESCOPE PLANS (D.N.B. Hall) 
We are presently in a period where a substantial number of ground-based opt

ical and infrared telescopes are being commissioned; a number of these have been 
described in this session. However there are compelling arguments that astronomers 
will need very much larger ground-based optical/infrared collecting area in the 
future. Dramatic improvements in observational capability in other wavelength 
regimes have invariably required follow-up 0/IR observations, often involving long 
integrations on faint sources; this trend will undoubtedly escalate with the oper
ation of Space Telescope, various infrared satellites, the VLA and large milli
meter wave dishes. Yet this explosion in demand will come just when many potential 
improvements associated with improved efficiency, better detectors and new auxiliary 
instrumentation will have reached the point of diminishing returns; at this point 
one can only gain in observing time or limiting magnitude by going to correspondingly 
larger aperture. 

Careful evaluation of the types of astronomical observations for which such a 
telescope is most suited leads one to the conclusion that the scientific gains come 
solely as a result of increased area and can be achieved equally well by a single 
filled aperture or an array of smaller telescopes. 

On the other hand, various technical requirements are best met by an array of 
telescopes in the 5-10 meter size range; these may be independent or attached to 
a common mount (as in the MMT). With elements smaller than 5 meters, diffraction 
becomes a factor in image quality in the infrared and the large number of instr
uments may well be prohibitive. Above 10 meter aperture there are problems match
ing to foreseeable detectors and spectrographs. 

If one scales the cost of conventional large telescopes"to a 10 meter aperture 
using the D^-7 power law then costs are prohibitive. However use of thin, possibly 
segmented, primary mirrors and fast focal ratios hold promise of very significant 
cost savings and there are a number of groups in the U.S. now working on designs for 
telescopes of this class. 

Working Group on Photographic Problems (Chairman: J.L. Heudier) 

Two sessions of the Working Group were held during the General Assembly meeting 
on August 17, 1979. The first session was held jointly with the Working Group on 
Data Processing, and was attended by about 100 astronomers. The second session, 
which included the Business Session of the Working Group on Photographic Problems, 
was attended by about 60 astronomers. 

In the joint session, Dr I. King described the responsibilities of the Working 
Group on Data Processing as including the receipt, reproduction and distribution of 
materials and information on data processing. Distribution of information is in the 
form of a newsletter. Requests to be included in the mailing list for the newsletter 

https://doi.org/10.1017/S0251107X00025657 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00025657


INSTRUMENTS AND TECHNIQUES 111 

should be addressed to Dr R. Albrecht, Institute for Astronomy, Turkenschanzstrasse 
17, Vienna, Austria. Two review papers were presented in this session. In "The 
Present Status of Astronomical Photography" J.L. Heudier discussed the photographic 
emulsion as a means of counting photons; the importance of S:N considerations, 
calibration standards, high quality processing, storage and handling requirements, 
and currently-available techniques of hypersensitization and copying. Dr R. Albrecht 
discussed "The Measurement and Reduction of Photographic Plates", using as an ex
ample the Vienna PDS 1000 system to highlight some of the problems of handling 
large quantities of information automatically. Attention was drawn to the import
ance of the communication between such a system and its user - i.e. "user friendli
ness". 

Papers presented in the second session were:- Electronography with the 
Griboval camera - H.J. Smith and N. Griboval; Calibration - I. Furenlid; UBV Dye 
Transfer Colour Imagery of Galaxies - J.D. Wray; Hypersensitization of Colour 
Films - A.G. Smith. It is expected that most of the papers read in these sessions 
will be published in the AAS Photobulletin. 

In the Business Session, Dr R.M. West (Chairman) reported on the activities of 
the Working Group since the Grenoble meeting. Publications of the Working Group 
have included the Proceedings of the Grenoble meeting and a Bibliography of Astron
omical Photography. A Workshop on Modern Techniques in Astronomical Photography 
held in Geneva, May 16-18 1978 was well attended, and the Proceedings of that Meet
ing were published in July 1978. Copies of these Proceedings and of the Working 
Group publications have been sent throughout the I.A.U. countries to some 400 people 
on the Working Group mailing list. At a meeting of the Organising Committee held 
in Geneva it was agreed that the American Astronomical Society Photobulletin should 
be the recommended journal for publication of papers relating to astronomical photo
graphy. 

In view of the formal recognition of the Working Group on Data Processing it 
was necessary to amend the Resolution adopted by the Photographic Working Group 
during the Grenoble General Assembly, by deleting the clause "and extraction of 
data from exposed plates". 

There are two planned or proposed meetings on astronomical photography. The 
first, organised by AAS Working Group on Photographic Materials, will be held in 
San Francisco on January 18 and 19, 1980. There will also be a meeting in Europe 
early in 1981, probably in Nice. 

The membership of the new organising Committee was agreed as follows:-
Chairman: Dr J.L. Heudier, Observatoire de Nice, B.P. 252, F-06007 Nice-Cedex, 
France. Secretary: Miss M.E. Sim, Royal Observatory, Blackford Hill, Edinburgh 
EH9 3HJ, UK. Members: R.D. Cannon (UK); 0. Dokuchaeva (USSR); J. Grygar (Czecho
slovakia); D. Latham (USA); D.F. Malin (Australia); A. Millikan (USA); 
K.R. Sivaraman (India); A.G. Smith (USA); B. Takase (Japan); R.M. West (Denmark). 
Consultant: W.C. Miller (USA). 

A questionnaire concerning the transport of photographic plates had been sent 
to everyone on the mailing list, resulting in 71 replies from 29 countries. The 
main problems arise during shipment of the plates from the manufacturer to the 
customer, when the plates are not under the control of either the supplier of the 
user. E.J. Hahn and G. Brown of Eastman Kodak reported on their attempts to ident
ify and rectify some of the problems. A Kodak report "Technical Information for 
Ordering Kodak Spectroscopic Films and Plates" was circulated at the meeting, and 
will be sent to all Kodak agents and plate users. As a result of internal reorgan
isation at Eastman Kodak, Mr Gordon Brown has now inherited from Mr E.J. Hahn the 
responsibility for spectroscopic plates and films, filters and attenuators, and 
consequently problems which would formerly have been addressed to Mr Hahn should 
now be addressed to Mr Brown. 

High Angular Resolution Techniques (Chairman: Dr J. Davis) 

The following papers were presented on 17th August:-
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A REVIEW OF THE VERY LONG BASELINE AMPLITUDE INTERFEROMETER AT THE UNIVERSITY OF 
MARYLAND (D.G. C u r r i e ) 

An amplitude in te r fe romete r based on the design of an e a r l i e r in te r fe romete r , 
but with two independent t e l e scopes , i s being b u i l t a t the Univers i ty of Maryland. 
The in te r fe romete r i s being s e t up a t a s i t e on the grounds of the op t i c a l research 
f a c i l i t y of the Goddard Space F l i g h t Center in order to carry out a t e s t program. 
For t h i s purpose the b a s e l i n e , p a r a l l e l to the E a r t h ' s axis of r o t a t i o n , has been 
fixed a t 3m bu t the instrument i s designed to work in a r egu la r observing program 
with base l ines up to 50m a t a permanent observing s i t e . 

AN 11M PROTOTYPE MODERN MICHELSON STELLAR INTERFEROMETER (J . Davis) 
The Chat ter ton Astronomy Department of the Univers i ty of Sydney developed and 

operated the S t e l l a r I n t e n s i t y In te r fe rometer a t Narrabr i for many years and, based 
on experience gained with t h a t ins t rument , proposed in 1971 a pre l iminary design for 
a very la rge s t e l l a r i n t e n s i t y in te r fe romete r . The proposed VLS11 would have a 
l imi t ing s e n s i t i v i t y V(l imi t ) ^ 7 . 3 and base l ines up to ^ 2km. There i s no doubt 
tha t t h i s instrument could be b u i l t and t ha t i t would work. However, i t would be 
l a r g e , expensive, and the s e n s i t i v i t y would be marginal for some of the most i n t e r 
e s t i n g of the programmes l i s t e d in the in t roduc t ion to t h i s s e s s ion . 

Although the p o t e n t i a l of amplitude in ter ferometry i s s t i l l to be proven, i t 
i s inheren t ly more s e n s i t i v e than i n t e n s i t y in te r fe romet ry , and promises to be less 
expensive. For these reasons the VLS11 has been put on i c e while the f e a s i b i l i t y 
of a modern form of Michelson's in te r fe romete r i s explored by bu i ld ing a prototype 
instrument based on ideas developed by R.Q. Twiss. 

The pro to type in te r fe romete r w i l l have coe lo s t a t s t o d i r e c t l i g h t h o r i z o n t a l l y 
to a c en t r a l labora tory from each end of a ho r i zon ta l 11m North-South b a s e l i n e . 
In the in te r fe rometer the wavefront d i s t o r t i o n s induced by the atmosphere w i l l be 
handled by ( i ) r e s t r i c t i n g the aper tu re s i z e to s e l e c t e s s e n t i a l l y f l a t por t ions of 
wavefront; ( i i ) removing wavefront t i l t s by means of p i e z o - e l e c t r i c a l l y actuated 
t i l t i n g mi r ro r s ; and ( i i i ) removing the e f f ec t s of randomly varying phase by rapid 
sampling of the i n t e r f e r ence and appropr ia te data handl ing. 

A l a s e r in te r fe rometer w i l l be used to monitor i n t e r n a l paths wi thin the i n t e r 
ferometer and cont ro l a moving r e t r o r e f l e c t o r to equa l i se the o p t i c a l paths to the 
plane of i n t e r f e r e n c e . 

The design of the in te r fe romete r i s e s s e n t i a l l y complete and most of the o p t i c 
a l components a re in hand. The o p t i c a l pa th - l eng th compensation, angular seeing 
compensation and c o e l o s t a t guidance servo-systems are being const ructed and t e s t ed 
in the l abora to ry . A p o t e n t i a l s i t e i s being t e s t e d and i t i s hoped to i n s t a l l and 
a l ign the instrument during 1980. The prototype s tage i s aimed so le ly a t e s t a b l i s h 
ing by observat ions whether f r inge v i s i b i l i t y can be measured with an accuracy of 
i* 2% through the atmosphere using ? Pup and a CMa as s tandard reference sources . 
I t i s hoped to make these observat ions during 1981 and to e s t a b l i s h optimum i n s t r 
umental parameters e t c . I t i s intended tha t the pro to type in te r fe rometer w i l l u l t 
imately form the h e a r t of a major high r e s o l u t i o n ins t rument . 

RECENT RESULTS IN TWO-TELESCOPE INTERFEROMETRY AT CERGA (A. Blaz i t ) 
The small two-telescope in te r fe romete r b u i l t by Labeyrie has been opera t iona l 

for three y e a r s . I t cons i s t s of two 26cm te lescopes r o l l i n g on t racks on a North-
South base l ine ranging between 5 and 35m. The recombination op t ics and the TV cam
eras are mounted on a ca r r i age which i s moved by a screw con t ro l l ed by a micro
computer for f r inge t r a c k i n g . Observations a re made in white l i g h t or in l i g h t 
dispersed by a d i r e c t view prism. 

Unt i l now, con t r a s t s have been es t imated v i s u a l l y , but Laurent Koechlin has 
b u i l t a contras t -measur ing device which i s being implemented on the in te r fe romete r . 
I t measures the con t r a s t of the f r inges of each TV image and a mini-computer gives 
t h e i r his togram. The histogram i s compared with those obtained for reference sequ
ences and the r e a l con t r a s t can be derived with a p r ec i s ion of 5%. 

Observat ional r e s u l t s : -
( i ) We have measured 8 s t a r s and observed fr inges on 9 non-resolved s t a r s with 
magnitudes to 3.9. 
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( i i ) We a r e d e t e r m i n i n g a new o r b i t f o r C a p e l l a and o u r m e a s u r e s of s e p a r a t i o n now 
have a p r e c i s i o n of 0'.'4xlO~3 a r c . We e x p e c t t o d e t e c t p e r t u r b a t i o n s of t h i s o r b i t 
due t o a p l a n e t o r i n t e r s t e l l a r m a t t e r . 

A LARGE APERTURE SYNTHESIS ARRAY PROJECT (A. B l a z i t ) 
We have s t a r t e d t he c o n s t r u c t i o n of a l a r g e a p e r t u r e s y n t h e s i s a r r a y a t CERGA. 

S e v e r a l t e l e s c o p e s , 1.5m d i a m e t e r , r o l l i n g on b a s e l i n e s up t o 1km w i l l make up t h i s 
a r r a y . Because we n e e d a l a r g e number of t e l e s c o p e s f r e e of v i b r a t i o n s and movable 
on t r a c k s , we h a v e d e s i g n e d a c h e a p , l i g h t w e i g h t t e l e s c o p e which does n o t need a 
dome. I t c o n s i s t s of a c o n c r e t e s p h e r e , 3.5m d i a m e t e r , w i t h a c y l i n d e r i n s i d e . 
The mount i s made of t h r e e r i n g s . The o p t i c a l l a y o u t i s Casseg ra in -Coude ' w i t h a 
1.5m p r i m a r y m i r r o r and a p l a n e t e r t i a r y m i r r o r t o g i v e a h o r i z o n t a l coude1 beam. 
The f i r s t t e l e s c o p e i s c o m p l e t e and u n d e r g o i n g t e s t s and t h e s e c o n d i s u n d e r c o n 
s t r u c t i o n . 

RECENT DEVELOPMENTS OF THE TWO COLOUR REFRACTOMETER TECHNIQUE (D.G. C u r r i e ) 
Fo r a s t r o m e t r y i t i s n e c e s s a r y t o c o r r e c t f o r t h e a t m o s p h e r e , o t h e r w i s e 

measurements can be l i t t l e b e t t e r t h a n c u r r e n t PZT measu remen t s of 0'. '15. 
A two c o l o u r r e f r a c t o m e t e r h a s b e e n d e v e l o p e d t o s t u d y t h e p o s s i b i l i t y of 

c o r r e c t i o n by a d i s p e r s i o n t e c h n i q u e . The p r e c i s i o n i s e x p e c t e d t o b e be tween O'.'l 
and 0'.'02 f o r a t w o - m i n u t e o b s e r v a t i o n . The a c c u r a c y p e r o b s e r v a t i o n i s e x p e c t e d 
t o be e s s e n t i a l l y t h e same, i . e . t h e s y s t e m a t i c o r e x t e r n a l e r r o r s a r e e x p e c t e d t o 
be l e s s t h a n 0'.'003 f o r t h e PZT. 

The method u s e s a p h o t o n - c o u n t i n g q u a d r a n t d e t e c t o r s y s t e m ( t h e a u t o m a t i c 
g u i d e s y s t e m o r AGS). The AGS h a s b e e n d e m o n s t r a t e d on t h e 4 8 - i n c h t e l e s c o p e a t 
t h e Goddard O p t i c a l R e s e a r c h F a c i l i t y (GORF) t o b e p h o t o n n o i s e - l i m i t e d t o 0' . '003. 
O b s e r v a t i o n s a r e c o n d u c t e d by t h e u s e of a r o t a t i n g w h e e l w i t h l i g h t f i l t e r s ( a b o u t 
3500A and 6500A) which a r e changed 480 t i m e s p e r s e c o n d . A p r i s m s y s t e m n u l l s t h e 
d i s p e r s i o n and t h e s e t t i n g of t h i s n u l l p o s i t i o n i s r e a d as t h e amount of d i s p e r s i o n . 

T e s t measuremen t s h a v e b e e n c o n d u c t e d and r e d u c e d and a r e p h o t o n n o i s e l i m i t e d 
( s t a n d a r d d e v i a t i o n of 07003 i n 100 s e c ) . I n i t i a l o b s e r v a t i o n s of r e f r a c t i o n have 
been c o n d u c t e d b u t n o t a n a l y z e d . A f u l l p r o g r a m w i l l b e commenced s o o n . 

ASTROPHYSICAL APPLICATION OF SPECKLE INTERFEROMETRY (R. Foy) 
I n c o l l a b o r a t i o n w i t h L a b e y r i e ' s g r o u p , we h a v e c a r r i e d o u t two k i n d s of p r o 

gram u s i n g s p e c k l e i n t e r f e r o m e t r y : ( i ) r e s o l u t i o n of b i n a r i e s , and ( i i ) a n g u l a r 
d i a m e t e r m e a s u r e m e n t s . 

We o b s e r v e s p e c t r o s c o p i c b i n a r i e s b o t h t o d e r i v e s t e l l a r m a s s e s , and t o check 
s t e l l a r e v o l u t i o n a r y t r a c k s , by way of c o m p o s i t e s p e c t r u m b i n a r i e s . We found t h a t 
?1 R e t i c u l i i s a b i n a r y ; t h i s e x p l a i n s t h e a n o m a l i e s of t h i s s t a r . The two com
p o n e n t s of X Dra h a v e low masses w i t h r e s p e c t t o t h e i r t e m p e r a t u r e s ; t h i s c o u l d 
be due t o a h e l i u m d e f i c i e n c y . We r e s o l v e d t h e c o m p o s i t e s p e c t r u m b i n a r y 6 S g e , 
and conf i rmed t h a t t h e o r b i t i s h i g h l y i n c l i n e d ; an a t m o s p h e r i c e c l i p s e s h o u l d 
o c c u r n e x t s p r i n g ( 1 9 8 0 ) . 

The d i s c r e p a n c y , by a f a c t o r of t e n , a b o u t t h e g r a v i t y of A r c t u r u s , r a i s e d by 
Mackle e t a l (1975) h a s b e e n e x p l a i n e d by M a r t i n ( 1 9 7 7 ) . G i v i n g a l a r g e w e i g h t t o 
t he a n g u l a r d i a m e t e r measurement of A r c t u r u s by B l a z i t e t a l ( 1 9 7 7 ) , she p r o p o s e d 
to r e t u r n t o t he h i g h e r v a l u e of t h e g r a v i t y and t o a mass of 1 s o l a r m a s s . 

S p e c k l e o b s e r v a t i o n s can b e u s e d to p r o b e t h e a t m o s p h e r e s of Mira V a r i a b l e s -
we found t h a t t h e a n g u l a r d i a m e t e r of M i r a and R Leo a r e ma rked ly l a r g e r i n t h e 
s t r o n g bands of T i t a n i u m o x i d e t h a n o u t s i d e . The d i f f e r e n c e r e a c h e s a f a c t o r of two 
be tween 7000 and 7100A. Using model a t m o s p h e r e s by T s u j i , we showed t h a t t h i s d i f f 
e r e n c e i s due t o t h e v e r y l a r g e o p a c i t y c o e f f i c i e n t of TiO: t h e o p t i c a l d e p t h i n 
TiO bands i s u n i t y f a r above t h e s t e l l a r s u r f a c e . 

We n o t e d an i n c r e a s e of t h e d i a m e t e r of Mi ra d u r i n g maximum of November ' 7 8 
w i t h r e s p e c t t o maximum of December ' 7 6 , which i m p l i e s t h a t Mi ra was c o o l e r i n 
November ' 7 8 . T h i s a g r e e s w i t h t h e f a c t t h a t Mi ra was t h e n f a i n t e r by 1.5 m a g n i 
t u d e s than i n December ' 7 6 . 
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IMAGE RECONSTRUCTION WORK AT THE AIR FORCE GEOPHYSICS LABORATORY (S.P. Worden) 
Several aspects of astronomical image reconstruction work are being pursued at 

the Air Force Geophysics Laboratory. In collaboration with contractors at Harvard 
the application of speckle interferometry to studies of the solar surface is being 
investigated. The use of an active optics unit developed by ITEK for similar high 
resolution solar observations is also being studied. In concert with groups at the 
University of Arizona and Lockheed, systems have been developed to observe faint 
objects and, in some cases, completely reconstruct images using speckle interfero
metry techniques. Efforts to adapt the Center for Astrophysics/Arizona Multiple 
Mirror Telescope for speckle imaging work have also begun. 

INTERFEROMETRY FROM SPACE (A. Blazit) 
Ground-based interferometers have already provided results on stars at visible 

wavelengths, but for extragalactic objects atmospheric fluctuations will limit the 
integration time and prevent the observation of objects of magnitude fainter than 
15, such as quasars and nuclei of Seyfert galaxies. A space interferometer would 
have enough angular resolution and sensitivity to observe faint extragalactic objects 
in the visible and UV. It will also give dimensions and perhaps mapping of stars and 
systems of stars over a large range of wavelengths. The most important objects are: 
Stellar objectives: Extension of layers of cool supergiants/hot stars; Star form
ation; Structures in molecular clouds; Structures in the discs of stars; Close bi
naries with transfer. Extragalactic objectives: Active regions in nuclei; Shocks in 
dusty regions of nearby galaxies; Quasars, Seyfert nuclei. Astrometry: Absolute 
references; Obscure companions. 

The design we have selected for the space interferometer is the "flute" tube. 
Two telescopes, lm in diameter, move inside a structural tube with a certain number 
of viewing holes. Several sections of 15m could be assembled together in orbit. 
Extensions to 100m or more appear feasible. 

The infrared range could be covered with this instrument if the central package 
of optics and detectors is made interchangeable. Observation of faint objects will 
require offset guiding on the fringes of a bright star. It could be realised with 
3 telescope carriages, and a triple interferometer. Three fields could be observed 
simultaneously 120° apart on a great circle of the celestial sphere. Two guide stars 
could be used for absolute stabilisation, while observing a faint object. This 
project has been submitted to E.S.A. 

A SPACE APPLICATION OF THE VERY LONG BASELINE AMPLITUDE INTERFEROMETER (D.G.Currie) 
Certain of the scientific and technical apsects of the operation of a Very Long 

Baseline Amplitude Interferometer (VLBAI) (similar to the VLBAI currently being 
developed by the University of Maryland for ground-based operations) were discussed. 

The Space-based VLBAI (SVLBAI) will initially provide an astrophysical capab
ility to observe and resolve much fainter objects than may be observed from the 
ground. Of particular interest are the cores of QSO's, BL Lac objects, Seyfert 
galaxies, and the inner core of "conventional" galaxies. It should also provide an 
astrometric capability to study fainter stars, with higher accuracy, than may be 
done from the ground. This would include parallax studies, the search for extra-
solar planets and a study of the relation between the FKA catalog and the QSO/BL 
Lac "inertial" frame of reference. 

In the first instance a ten metre system (i.e. a few metres separation between 
the apertures) is being considered. This .will serve as a prototype for later ex
pansion to thirty and one hundred metres. Each of the end mirrors would consist of 
four segments, each about 0.75m diameter, which are independently moveable. Since 
these need point only with "diffraction" accuracy, not "interferometric" accuracy, 
the existing Automatic Guiding System provides the requisite pointing accuracy. 
The object acquisition is done with a specially modified, thinned CCD. The inter
ferometric delay is maintained with the AGS for the low frequency and a gyro system 
for the high frequency. The measurement of the differential delay between two stars 
is done with the fringe counting laser system. A system with a graphite inner truss 
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and a h e a t - p i p e / m u l t i - l a y e r i n s u l a t i o n o u t e r s t r u c t u r e g u a r a n t e e s s u f f i c i e n t i n s u l 
a t i o n from t h e t h e r m a l e f f e c t s of t h e s u n . 

The e x p e c t e d p r e c i s i o n i n a p l a n e t a r y s e a r c h p rog ram o r a s t u d y of t h e p a r a l 
l a x of f a i n t e r s t a r s ( 15 th m a g n i t u d e ) would b e 0 . 0 0 5 m i l l i s e c o n d s of a r c f o r a 1000 
second i n t e g r a t i o n and a 100 m e t r e s y s t e m . F o r t h e QSO s t u d i e s , t h e p r e c i s i o n would 
be 1 m i l l i s e c o n d of a r c f o r a 2 5 t h m a g n i t u d e o b j e c t f o r t h e same c o n d i t i o n s . A p r e 
l i m i n a r y s t u d y of t h e a c c u r a c y q u e s t i o n s i n d i c a t e s t h a t t h e o b v i o u s s y s t e m a t i c e r 
r o r s a r e n o t i n c o m p a t i b l e w i t h t h e above examples of p r e c i s i o n . 

Working Group on I n f r a r e d and G e n e r a l T e c h n i q u e s (Chai rman: J . R i n g ) ( 2 2 Augus t ) 

The f o l l o w i n g p a p e r s were g i v e n : 

EARLY OBSERVATIONS WITH THE UK INFRARED TELESCOPE AND ITS INSTRUMENTS ( T . J . Lee) 

Commiss ioning work on i n s t r u m e n t s and some o b s e r v a t i o n s f o r a s t r o n o m i c a l r e s 
e a r c h programmes h a v e t a k e n p l a c e d u r i n g t h e l a t e r s t a g e s of c o m m i s s i o n i n g . Some 
i n s t r u m e n t a t i o n was d e s c r i b e d t o g e t h e r w i t h i t s p e r f o r m a n c e . Examples of o b s e r v 
a t i o n s made were shown. Some of t h e as t ronomy t o b e done l a t e r i n 1979 was o u t l i n e d . 

A CASSEGRAIN, SCANNING FABRY-PEROT INTERFEROMETER WITH AN IMAGING DETECTOR 
(P. A t h e r t o n , D . J . Axon & K. T a y l o r ) 

TAURUS, a new F a b r y - P e r o t imag ing d e v i c e , d e s i g n e d t o o b t a i n comple te s e e i n g -
l i m i t e d r a d i a l v e l o c i t y f i e l d maps of e x t e n d e d e m i s s i o n - l i n e s o u r c e s , was d e s c r i b e d . 
A s e r v o - c o n t r o l l e d F a b r y - P e r o t i s u s e d w i t h a f o c a l r e d u c e r and a 2 - d i m e n s i o n a l 
p h o t o n - c o u n t i n g ( a r e a d e t e c t o r ) s y s t e m , t o o b t a i n t h e v e l o c i t y i n f o r m a t i o n . The 
s y s t e m h a s been f u l l y t e s t e d and t h e f i r s t o b s e r v a t i o n s of t h e h i g h l y complex v e l 
o c i t y f i e l d of t h e i r r e g u l a r g a l a x y M82 were u s e d t o i l l u s t r a t e t h e power of t h e 
i n s t r u m e n t . 

A CASSEGRAIN, FABRY-PEROT/ECHELLE SPECTROMETER (B. B a t e s ) 
An o u t l i n e was g i v e n of a F a b r y - P e r o t e c h e l l e s p e c t r o g r a p h t o b e used f o r f i r s t 

o b s e r v a t i o n s i n Autumn 1979. The i n s t r u m e n t i s d e s i g n e d t o r e c o r d a l a r g e number 
of s p e c t r a l e l e m e n t s s i m u l t a n e o u s l y a t a r e s o l v i n g power % 3x10 . The i n t e r f e r o m e t e r 
i s combined w i t h an e c h e l l e o r d e r s o r t e r t o p r o v i d e a compact s p e c t r a l fo rma t s u i t 
a b l e f o r image i n t e n s i f i e r r e c o r d i n g . The t e c h n i q u e i s b a s e d on t h a t employed s u c 
c e s s f u l l y d u r i n g a programme of UV i n t e r f e r e n c e s p e c t r o s c o p y from a m o d e r a t e l y 
s t a b i l i z e d b a l l o o n - b o r n e p l a t f o r m . 

AN INTERFEROMETRIC STELLAR-OSCILLATION SPECTROMETER (A. F o r r e s t & J . Ring) 
The u s e f u l n e s s of a c c u r a t e measuremen t s of t h e r a d i a l v e l o c i t i e s of s t a r s was 

d i s c u s s e d , t o g e t h e r w i t h t he l i m i t a t i o n s t o t h e a c c u r a c y of such measu remen t s im
p o s e d by t h e p r o p e r t i e s of c u r r e n t i n s t r u m e n t s . Two new i n t e r f e r o m e t r i c methods were 
d e s c r i b e d ; t h e f i r s t employed a M i c h e l s o n i n t e r f e r o m e t e r p r e c e d e d by a n a r r o w - b a n d 
i n t e r f e r e n c e f i l t e r c e n t r e d on a s t e l l a r a b s o r p t i o n l i n e . The p a t h - d i f f e r e n c e i n 
t h e i n t e r f e r o m e t e r was f i x e d a t abou t 5mm and s e r v o - c o n t r o l l e d w i t h t h e a i d of a 
s t a b l e l a s e r . The f l u x of s t a r l i g h t emerg ing from t h e two o u t p u t s was m o n i t o r e d -
changes i n t h e d i f f e r e n c e i n i n t e n s i t y of t h e two beams was a measure of a change 
i n t h e r a d i a l v e l o c i t y of t h e s t e l l a r a tmosphe re and was u s e d t o d e t e c t s t e l l a r 
o s c i l l a t i o n s . The i n s t r u m e n t h a d b e e n t e s t e d on t h e Sun and t h e 300s o s c i l l a t i o n 
had been d e t e c t e d w i t h an a c c u r a c y of a few m e t r e s p e r s econd i n t h e measurement 
of t h e r a d i a l v e l o c i t y a m p l i t u d e . 

The second method i n v o l v e d t h e u s e of a s o l i d F a b r y - P e r o t i n t e r f e r o m e t e r , t h e 
t h i c k n e s s of t h e p l a t e b e i n g c o n t r o l l e d by t e m p e r a t u r e u s i n g a l a s e r as a w a v e l e n g t h 
r e f e r e n c e . The w a v e l e n g t h of a s t e l l a r a b s o r p t i o n l i n e s h o u l d b e measu red t o an 
a c c u r a c y which would a l l o w r a d i a l v e l o c i t y changes of a few m e t r e s p e r s econd t o be 
d e t e c t e d . T h i s i n s t r u m e n t was s t i l l u n d e r c o n s t r u c t i o n . 
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POSSIBLE ADVANTAGES OF AN ALT-ALT TELESCOPE SYSTEM FOR STELLAR SPECTROSCOPY 
(T. Dunham J r ) 

Large and heavy equipment for analyzing l i g h t from s t a r s and p l a n e t s , p a r t i c 
u l a r l y high r e s o l u t i o n spectrographs and systems for Four ier spectroscopy, must be 
ca r r i ed on a r i g i d foundation. This r equ i re s a te lescope tha t b r ings l i g h t to a 
f ixed focus. Ord ina r i l y , an asymmetrical e q u a t o r i a l coude" mounting i s employed for 
t h i s purpose. But t h i s design r equ i r e s heavy cas t ings and expensive machine work 
to provide adequate r i g i d i t y . I t a lso requ i res four mirror r e f l e c t i o n . 

An a l t - a l t mounting (AURA Engineering Technical Report No. 38, KPNO 1971 and 
A. Labeyr ie , Ap.J . L e t t e r s , L71, 1975) involves a simpler mechanical yoke design. 
Cost should be considerably l e s s , s ince cons t ruc t ion does not r e q u i r e s p e c i a l 
machinery. And only three r e f l e c t i o n s are requi red to d e l i v e r l i g h t to a fixed 
focus. 

The two axles of an a l t - a l t t e lescope must be dr iven a t continuously changing 
r a t e s by a computer which sends pulses to s tepping motors , or cont ro l s the r a t e s of 
D.C. motors . Such computer con t ro l s have r ecen t l y been used with success for large 
a l t -az imuth te lescope mountings. Cost could be moderate i f encoder feedback i s not 
included, and i f an observer provides visual-manual guiding. Performance should be 
b e t t e r than wi th most l a rge te lescopes ten years ago. 

For small t e l e s c o p e s , the computer d r ive for an a l t - a l t t e lescope w i l l make 
the t o t a l cost for the instrument more than for an equa to r i a l coude" system. But, 
s ince the cost of a computer dr ive i s almost independent of the aper tu re of the 
t e l e scope , an a l t - a l t mounting should be l e s s expensive than an e q u a t o r i a l coude" 
te lescope for l a rge a p e r t u r e s . I t seems l i k e l y tha t costs for the two designs may 
be approximately equal for an ape r tu re of about 80cm. If so , then the c o s t , in 
terms of photons de l ivered per second per d o l l a r i nves t ed , should be approximately 
equal for te lescopes of about 70cm a p e r t u r e , because the a l t - a l t system requi res 
one l e s s r e f l e c t i o n . 

An a l t - a l t mounting i s being se r ious ly considered for a 50-inch te lescope to 
feed l i g h t to a s t a t i o n a r y s t e l l a r spectrograph in A u s t r a l i a . Comments and sug
ges t ions from members of Commission 9 w i l l be welcomed. 

SECOND-ORDER STATISTICS FOR IMAGE CLASSIFICATION (M.L. Malagnini) 
A new procedure was described for image c l a s s i f i c a t i o n using a computer-con

t r o l l e d scanner , designed in p a r t i c u l a r for the i d e n t i f i c a t i o n of g lobular c l u s t e r s 
in M31. The approach i s based on the ana lys i s of second-order s t a t i s t i c s of the 
g rey- leve l d i s t r i b u t i o n s of the images of d i f f e ren t ca tegor ies of ob jec t . C l a s s i 
f i c a t i o n parameters a re derived from a t e s t - s e t of known o b j e c t s . Resul ts were 
presented for a few hundred objects which showed the p o t e n t i a l i t i e s of the method. 
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