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We present statistics on the research productivity of astrason, & Turner 1998 Other examples of competitive small-
nomical telescopes. These were compiled by finding paperglescope science include echo mapping of active galactic
in which new data were presented, noting which telescopesuclei (Welsh & Horne 1991 and finding stellar-mass black
were used, and then counting the number of papers, numbéples(Shahbaz et al. 1994

of pages, and other statistics. The journals used were the Small telescopes can hold their own with larger instru-
Astronomical Journalthe Astrophysical Journalincluding  ments since more time is available on them. This makes
the Letters and Supplemeptsand thePublications of the possible monitoring campaigns, areal surveys, and time-
Astronomical Society of the Pacifi¢Ve also compiled cita- resolved campaigns, particularly if the telescopes are net-
tions from theScience Citation IndexThis work was de- worked or automated—all difficult to carry out with larger
signed to be similar to that of Trimbl€l995, except that telescopes, for which even small amounts of telescope time
more recent journalgfrom 1995 and citations(from 1998 are in great demand.

were used. We also did not restrict our sample to large tele-

scopes only: we included all telescopes from which new data

were presented, the smallest of which was a 0.1-m. The data

were gathered by first-year work-study undergraduates, whpaTA ON TELESCOPE PRODUCTIVITY
were instructed to include data for all telescopes for which productive are small telescopes? Three first-year un-

they found new data were included in the journals. A by'dergraduateSRLL, SAK, YVT) spent a school year looking

product of this research was therefore the relative productivat papers in theAstronomical Journal the Astrophysical

ity of ground-based versus space telescopes, and the relatiyg, iy, (including the main journal and the Lettgrand the
productivity of rz?\dio and other telescopes across the spegspjications of the Astronomical Society of the Pacific
trum, versus optical telescopes. fourth, more advanced studef@#C) spent half a semester
Keywords: Sociology of astronomy—space vehicles: compiling similar data for thé\pJ SupplementJhese were
instruments—telescopes the same journals used by TrimkE995 in her study of the
productivity of large, American optical telescopes.

INTRODUCTION

Many small telescopes, with apertures of less than 3 MrasLe 1. U.S. National Optical Astronomy Observatori@dOAO) Tele-
are being closed at U.S. national and other observat(®igs scopes, in 1995 and in 2002
ESO, NOAQ. (See Table 1.This is disturbing, since small
telescopes are still capable of first-class science, often at far NOAO in 1995
less cost than for large telescopes. For example, the MA-
CHO, EROS, and OGLE gravitational microlensing projects
all use 1.3-m or smaller telescopéalcock et al. 1995; 4-m Mayall
Beaulieu et al. 1995; Paczynski et al. 199ayor and Que- 3.5-m WIYN (40%)
loz (1995 used the 1.9-m telescope at Haute Provence for 2-1-M 3.5-m WIYN(40%)
the first extrasolar planet detection, for a normal star; Marcy 8'3:2 coude feed GQé_ZrquM':;)be%jbe”y Telescopes)
and Butler(1996 used the Lick 3-m and the 0.6-m coude ¢ g.m Burrell Schmidt 2 1-m
feed at Lick. Multi-longitude stellar seismology campaigns  1.3-m 0.9-m(25%)
(Nather et al. 1990mainly use telescopes in “the lowly 1-m
class” (as in the words of R. E. NatherThe Center for

NOAO in 2002
N (Kitt Peak, Arizona N (Kitt Peak and elsewhere

8-m Gemini N(50%)
4-m Mayall

S (Cerro Tololo, Chile S (Cerro Tololo & Cerro Pachon

Backyard Astrophysics is a worldwide network mainly com- 4-m Blanco

posed of 10-inch amateur telescopes dedicated to photometry 1 5.,

of cataclysmic variables, and has produced many results on 0.9-m

accretion disk physicge.g. Patterson 2001A single auto- 1-m (50%)

mated 0.4-m telescope called “RoboScope,” in Indiana, a 0-6-m Curtis Schmidt
state not usually noted as an astronomical site, has been used?(')im‘ggﬁg

to discover several unexpected accretion disk phenomena (g 4.m mp)
(Robertson, Honeycutt, & Turner 1995; Honeycutt, Robert

8-m Gemini $50%)
4-m Blanco
4-m SOAR(30%) (not yet onling
1.5-m (25% planneg

1.3-m 2MAS&5% planned
1-m YALO (25% planned
0.9-m (25% planneg
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TABLE 2. Top Telescopes, Sorted by Number of Pag@/sighted

Total f Papers Pages Citations Pages/ Citations/ Citations/ Papers/ Pages/ Citations/
Papers (Weighted Paper Page Paper Area  Area Area
HST all instrumentg2.4) 163 0.79 129.1 1306 4844  10.11 0.37 3.75 28,5 288.7 107.1 space
VLA 129 0.73 94.7 952  250.0 10.05 0.26 2.64 radio
ROSAT (all instruments 110 0.75 82.1 747  290.3 9.10 0.39 3.54 space
CTIO Blanco(4) 61 0.55 334 373 108.9 11.17 0.29 3.26 2.7 29.7 8.7
KPNO Mayall (4) 56 0.57 32.1 415 1424 1293 0.34 4.44 2.6 33.0 11.3
CGRO (all instrumenty 35 0.83 29.1 251 148.0 8.63 0.59 5.09 space
ASTRO (all instrument$ 34 0.84 28.6 194 56.5 6.79 0.29 1.98 space
CFHT (3.6 44 0.63 27.8 294 1019 10.57 0.35 3.66 2.7 28.9 10.0
Palomar Halg5) 42 0.61 25.5 386 953 15.11 0.25 3.73 1.3 19.6 4.9
KPNO (2.1 52 0.49 25.5 281 70.4  11.03 0.25 2.77 7.3 81.1 20.3
MMT (4.5 48 0.52 25.0 285 97.7 11.41 0.34 3.92 1.6 17.9 6.1
NRAO (12) mm-wave 32 071 22.9 222 34.7 9.70 0.16 1.52 0.2 2.0 0.3 mm
Keck | & Il (10) 27 081 22.0 125  106.3 5.71 0.85 4.84 0.3 1.6 1.4
Steward(2.3) 37 051 18.9 190 55.2  10.07 0.29 2.92 45 45.8 13.3
IUE (0.45 33 0.57 18.9 227 62.7 12.01 0.28 3.32 118.7 1426.1 394.2 space
Lick Shane(3) 33 0.56 18.4 213 57.1  11.58 0.27 3.11 2.6 30.1 8.1
Palomar(1.52 27 0.60 16.1 211 44.3  13.11 0.21 2.75 89 116.2 24.4
IRTF (3) 22 0.70 15.5 123 43.0 7.95 0.35 2.77 2.2 17.4 6.1
AAT (3.9 27 0.56 15.0 142 51.6 9.47 0.36 3.44 1.3 11.9 4.3
Arecibo (305 17 0.87 14.8 154 353 10.39 0.23 2.38 0.0 0.0 0.0 radio
JCMT (15) sub-mm 21 0.68 14.3 190 28.2 13.32 0.15 1.98 0.1 11 0.2  sub-mm
CTIO (1.9 27 048 12.9 151 38.1 11.72 0.25 2.96 7.3 85.4 215
CTIO (0.9 25 051 12.8 152 254 11.94 0.17 1.99 19.6 2342 39.0
WHT (4.2 21 0.60 12.6 101 31.0 8.01 0.31 2.46 0.9 7.3 2.2
Caltech Sub-mm Ob&10) sub-mm 19 0.65 12.3 139 27.5 11.23 0.20 2.23 0.2 1.8 0.4  sub-mm
BIMA 16 0.77 12.3 86 26.3 7.02 0.31 2.14 mm
Yohkoh solar 15 0.78 11.8 109 32.0 9.26 0.29 2.72 solar
UKIRT (3.8 20 0.57 11.5 104 57.0 9.05 0.55 4.96 1.0 9.2 5.0
INT (2.5 19 0.60 115 123 325 10.76 0.26 2.84 2.3 25.1 6.6
KPNO (0.9 25 043 10.8 112 36.0 10.33 0.32 3.33 16.6 171.9 55.4
IRAM (30) mm-wave 18 0.59 10.7 84 46.9 7.81 0.56 4.38 0.0 0.1 0.1 mm
VLBA 19 0.56 10.6 110 38.1 10.37 0.35 3.61 radio
NRAO (43) radio 18 0.59 10.5 151 29.6 14.33 0.20 2.80 0.0 0.1 0.0 radio
KPNO (1.3 21 049 10.3 116 26.0 11.32 0.22 2.53 7.7 87.5 19.6
IRAS 16 0.64 10.3 91 30.4 8.89 0.33 2.97 space
Las Campanas Dupoii2.5) 19 0.53 10.0 169 39.1 16.86 0.23 3.91 2.0 34.3 8.0
MDMO Hiltner (2.4 21 045 9.6 100 21.4  10.46 0.21 2.24 21 22.1 4.7
CTIO Yale (1.02 20 0.46 9.3 107 16.2 11.53 0.15 1.75 11.3  130.7 19.9
Kuiper Airborne(KAO) (0.91) 10 0.90 9.0 85 25.5 9.39 0.30 2.83 13.8 129.9 39.2  aircraft
McDonald (2.7) 15 0.57 8.5 124 37.6 14.50 0.30 4.40 15 21.6 6.6
Other 797 0.48 405 4141 1107 10.22 0.27 2.73
Total (or averagg 2211 0.50 1322 13632 4088 10.31 0.30 3.09

Following Trimble (1995, who studied telescope produc- radio and other wavelength$rimble included only optical/
tivity in 1990-91, and Abf1985, who did so for 1980—-81, near-infraredl Therefore, as a by-product of examining
the students read every paper that appeared in 1995 wedmall telescopes, we compiled productivity statistics for
enough to answer the following questions: Were new datapace-based and other telescopes.
presented? Which telescopes were used? How many pagesAmerican journals were chosen, to reflect American tele-
did each paper have? How many citations did each papescopes. These statistics are not necessarily reliable for other
have? They also counted citations from eaence Citation telescopes: for example, papers from British and Australian
Index for 1998, the most recent complete year availabletelescopes are often published in tdenthly Notices of the
when the project was begun in 1999 Fall. Royal Astronomical Societand papers from European tele-

Identifying individual telescopes was quickly found to be scopes are often publishedAstronomy & Astrophysics$so-

a problem, because these were first-year students, who h#at telescopes were included, but are probably under-
not yet heard of many telescopes. The(PAR) therefore represented, as the journalSolar Physics Journal of
advised them to collect data for all telescopes. This includedeophysical Researchndlcarus were not used. Solar tele-
several types of instruments not considered by Trimblescopes have an advantage, however, when correlations with
(1999: (1) Large and small telescopé3rimble included collecting area are considered: the Sun is so bright, apertures
only large[>2 m] telescopeks (2) Space telescopé$rimble  often need not be large. Radio telescopes and interferometers
included only ground-basgd(3) Instruments operating at were included, but have a disadvantage for any statistic in-
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TaBLE 3. Top Ground-based, Optical/IR Telescopes, Sorted by Number of Pa@geighted

Total f Papers Pages Citations Pages/ Citations/ Citations/ Papers/ Pages/ Citations/

Papers (Weighted Paper Page Paper Area Area Area
CTIO Blanco(4) 61 055 334 373 108.9 11.17 0.29 3.26 2.7 29.7 8.7
KPNO Mayall (4) 56  0.57 32.1 415 142.4 12.93 0.34 4.44 2.6 33.0 11.3
CFHT (3.6 44 0.63 27.8 294 101.9 10.57 0.35 3.66 2.7 28.9 10.0
Palomar Hale5) 42  0.61 255 386 95.3 15.11 0.25 3.73 1.3 19.6 4.9
KPNO (2.1 52  0.49 255 281 70.4 11.03 0.25 2.77 7.3 81.1 20.3
MMT (4.5 48  0.52 25.0 285 97.7 11.41 0.34 3.92 1.6 17.9 6.1
Keck | & Il (10) 27 081 22.0 125 106.3 5.71 0.85 4.84 0.3 1.6 14
Steward(2.3) 37 051 18.9 190 55.2 10.07 0.29 2.92 4.5 45.8 13.3
Lick Shane(3) 33 056 18.4 213 57.1 11.58 0.27 3.11 2.6 30.1 8.1
Palomar(1.52 27  0.60 16.1 211 44.3 13.11 0.21 2.75 8.9 116.2 24.4
IRTF (3) 22 0.70 155 123 43.0 7.95 0.35 2.77 2.2 17.4 6.1
AAT (3.9 27 056 15.0 142 51.6 9.47 0.36 3.44 1.3 11.9 4.3
CTIO (1.5 27 0.48 12.9 151 38.1 11.72 0.25 2.96 7.3 85.4 21.5
CTIO (0.9 25 051 12.8 152 25.4 11.94 0.17 1.99 19.6 234.2 39.0
WHT (4.2 21 0.60 12.6 101 31.0 8.01 0.31 2.46 0.9 7.3 2.2
UKIRT (3.8 20 057 115 104 57.0 9.05 0.55 4.96 1.0 9.2 5.0
INT (2.5 19 0.60 11.5 123 325 10.76 0.26 2.84 2.3 25.1 6.6
KPNO (0.9 25 043 10.8 112 36.0 10.33 0.32 3.33 16.6 171.9 55.4
KPNO (1.3 21 0.49 10.3 116 26.0 11.32 0.22 2.53 7.7 87.5 19.6
Las Campanas Dupofi2.5 19 053 10.0 169 39.1 16.86 0.23 3.91 2.0 34.3 8.0
MDMO Hiltner (2.4 21 045 9.6 100 21.4 10.46 0.21 2.24 21 22.1 4.7
CTIO Yale (1.02 20 046 9.3 107 16.2 11.53 0.15 1.75 11.3 130.7 19.9
McDonald (2.7) 15 057 8.5 124 37.6 14.50 0.30 4.40 15 21.6 6.6
ESO NTT(3.5 14  0.60 8.5 64 18.0 7.55 0.28 2.13 0.9 6.6 1.9
Las Campanas Swopé.02 13  0.65 8.4 95 25.8 11.33 0.27 3.06 10.3 116.8 315
Lowell Perkins(1.8) 15 052 7.8 97 19.7 12.49 0.20 2.54 31 38.1 7.7
KPNO coude feed0.9) 12 064 7.7 130 18.0 16.93 0.14 2.34 11.8 200.5 27.7
Mt. Laguna(1.0) 10 0.76 7.6 54 9.9 7.16 0.18 1.31 9.7 69.2 12.6
UHawaii (2.2) 12 0.62 7.4 95 58.2 12.80 0.61 7.84 2.0 25.0 15.3
McDonald (2.1) 12 0.59 7.0 89 12.8 12.70 0.14 1.82 2.0 25.8 3.7
McGraw-Hill (1.3 13  0.53 6.9 54 11.3 7.90 0.21 1.64 5.2 40.8 8.5
Burrell Schmidt(0.6) 10 0.63 6.3 55 9.3 8.67 0.17 1.47 22.4 194.2 33.0
ESO(2.2 10 057 5.7 53 13.2 9.24 0.25 2.32 15 13.9 35
Whipple (1.2 12 047 5.6 52 12.0 9.28 0.23 2.15 4.9 45.8 10.6
Siding Spring(2.3) 10 0.55 5.5 63 29.0 11.46 0.46 5.24 1.3 15.3 7.0
Kiso Schmidt(1.05 7 0.70 4.9 54 10.0 10.94 0.19 2.04 5.7 61.9 11.5
McMath-Pierce(2.1) 7 0.65 4.6 60 17.0 13.16 0.28 3.71 1.3 17.4 4.9
DAO (1.8 9 049 4.4 55 7.3 12.36 0.13 1.66 17 21.4 2.9
Whipple (1.5 10 044 4.4 50 19.0 11.35 0.38 4.34 25 28.1 10.8
Other 390 0.44 175 1619 391 9.25 0.24 2.24
Total (or averagg 1275 0.46 672 7135 2017 10.61 0.28 3.00

volving telescope collecting area, since they are so largdelescopes, e.g. high-resolution spectroscopy of faint objects.
They were not included in comparisons involving area any-Other research would never be carried out without small tele-
way, because it is often unclear how to make fair compariscopes, e.g. surveys or time-resolved campaigns. Since we
sons involving interferometers. wanted our results to be comparable to those of Trimble
For each telescope, the total number of papers wa&l995 and Abt(1985, we retained this convention.
counted, listed in Table 2 as “total papers.” Table 3 lists The statisticf, included in Tables 2 and 3, is papers
similar data, but only for ground-based, optical/near-IR tele{weighted divided by the total number of papers. It shows
scopes. Since many papers include new data taken frotmow often a given telescope is used in collaborative projects,
many telescopes, following Trimblél995, we computed involving other telescopes. ff= 1, the telescope is always
the weighted number of papers, listed in Tables 2 and 3 assed only by itself. Iff < 1, it is often used in large projects
“papers(weighted,” by assigning equal weight to each tele- involving many telescopes. Figure 1 shofyslotted against
scope(large and smallused in each project. This weighted aperture for all ground-based, optical/near-infrared tele-
number of papers means that if three telescopes were usedsoopes. Figure 2 shows the same, for small telescopes only.
one paper, each telescope is credited with 1/3 of a paper, farhere is one outlying point from the 10-m Keck telescope,
that paper. Whether this is a fair comparison between teleahich has the highest value of this statistic for any instru-
scopes is an open question. Giving equal weights may ovement, f = 0.81. This might have been expected, for a
count or under-count the relative importance of small tele-uniquely large and(in 1995 relatively new instrument:
scopes. Some research would not be possible without largeuch commissioning science, involving only the unique ca-
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Fic. 1. Ground-based, optical/near-IR telescopes.
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Fic. 2. Same as Figure 1, but for small telescopes only.

TABLE 4. Space Instruments, Sorted by Number of Papétsighted

Total f Papers Pages Citations Pages/ Citations/ Citations/

Papers (Weighted Paper Page Paper
HST all instrumentg2.4) 163 0.79 129.1 1306 484.4 10.11 0.37 3.75
ROSAT (all instrument$ 110 0.75 82.1 747 290.3 9.10 0.39 3.54
CGRO (all instruments 35 0.83 29.1 251 148.0 8.63 0.59 5.09
ASTRO (all instrument$ 34 0.84 28.6 194 56.5 6.79 0.29 1.98
IUE (0.45 33 0.57 18.9 227 62.7 12.01 0.28 3.32
Yohkoh solar 15 0.78 11.8 109 32.0 9.26 0.29 2.72
IRAS 16 0.64 10.3 91 30.4 8.89 0.33 2.97
ASCA 8 0.81 6.5 44 36.5 6.77 0.83 5.62
EUVE (all instruments 8 0.67 5.4 51 17.1 9.37 0.34 3.18
EXOSAT (all instrument$ 11 0.36 4.0 37 9.2 9.35 0.25 2.32
SIGMA/GRANAT 5 0.73 3.7 26 7.7 7.09 0.29 2.09
SAMPEX 4 0.78 3.1 20 5.0 6.28 0.25 1.60
Ginga 3 0.83 25 20 2.5 7.80 0.13 1.00
Atlas-1 (FAUST) 3 0.83 25 22 6.0 8.80 0.27 2.40
ORFEUS(1) 4 0.58 2.3 22 4.8 9.50 0.22 2.07
HEAO A-1 4 0.46 1.8 24 4.7 12.82 0.20 2.55
Einstein(all instruments 5 0.26 1.3 4 0.9 3.32 0.22 0.73
Spacelab 2 solar 1 1.00 1.0 9 1.0 9.00 0.11 1.00
NASA Sounding rocket 1 1.00 1.0 7 0.0 7.00 0.00 0.00
ONR-604 1 1.00 1.0 11 0.0 11.00 0.00 0.00
Voyager 1 1 1.00 1.0 3 0.0 3.00 0.00 0.00
COBE (all instrumentg 1 1.00 1.0 12 17.0 12.00 1.42 17.00
Solar Max(all instrument$ 1 1.00 1.0 11 0.0 11.00 0.00 0.00
UARS all instruments 1 1.00 1.0 4 5.0 4.00 1.25 5.00
STS-39 Far-UV Cameras 1 1.00 1.0 21 1.0 21.00 0.05 1.00
GOES 1 0.50 0.5 8 0.5 16.00 0.06 1.00
Spartan 20Xsolan 1 0.50 0.5 2 6.0 4.00 3.00 12.00
Voyager 2 1 0.25 0.3 1 0.0 5.00 0.00 0.00
Uhuru 1 0.17 0.2 2 0.3 9.00 0.22 2.00
Ariel V 1 0.17 0.2 2 0.3 9.00 0.22 2.00
Salyut 6 1 0.13 0.1 1 0.0 5.00 0.00 0.00
S81-1 1 0.13 0.1 1 0.0 5.00 0.00 0.00
Spacelab 1 1 0.13 0.1 1 0.0 5.00 0.00 0.00
Spacelab 3 1 0.13 0.1 1 0.0 5.00 0.00 0.00
Cosmos 2022 1 0.13 0.1 1 0.0 5.00 0.00 0.00
Total (or averagg 479 0.62 353 3288 1230 9.31 0.37 3.48
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TaABLE 5. Top Radio Telescopes, Sorted by Number of Papatsighted

Total f Papers Pages Citations Pages/ Citations/ Citations/

Papers (Weighted Paper Page Paper
VLA 129 0.73 94.7 952 250.0 10.05 0.26 2.64 radio
NRAO (12) mm-wave 32 0.71 22.9 222 34.7 9.70 0.16 1.52 mm
Arecibo (305 17 0.87 14.8 154 35.3 10.39 0.23 2.38 radio
JCMT (15) sub-mm 21 0.68 14.3 190 28.2 13.32 0.15 1.98 sub-mm
Caltech Submillimeter Obgl0) 19 0.65 12.3 139 27.5 11.23 0.20 2.23 sub-mm
BIMA 16 0.77 12.3 86 26.3 7.02 0.31 2.14 mm
IRAM (30) mm-wave 18 0.59 10.7 84 46.9 7.81 0.56 4.38 mm
VLBA 19 0.56 10.6 110 38.1 10.37 0.35 3.61 radio
NRAO (43) radio 18 0.59 10.5 151 29.6 14.33 0.20 2.80 radio
Nobeyama45) radio 8 0.85 6.8 61 7.5 8.98 0.12 1.10 radio
Five College(FCRAO) (14) radio 11 0.57 6.3 133 27.7 21.11 0.21 4.38 radio
Lovell (76) radio 11 0.57 6.3 133 27.7 21.11 0.21 4.38 radio
Parkes(64) radio 11 0.57 6.3 133 27.7 21.11 0.21 4.38 radio
Owens Valley mm array 10 0.63 6.3 36 33.8 5.77 0.93 5.37 mm
Nobeyama mm arragNMA) 7 0.76 53 41 16.0 7.66 0.39 3.00 mm
Haystack(37) radio 10 0.49 4.9 30 13.1 6.05 0.44 2.67 radio
ATCA 6 0.78 4.7 38 14.0 8.21 0.37 3.00 radio
Effelsberg(100) radio 12 0.36 4.3 47 15.6 10.86 0.34 3.65 radio
Australia Telescop€ATNF) 6 0.48 2.9 25 7.5 8.60 0.30 2.60 radio
Westerbork radio array 8 0.27 2.1 27 9.7 12.79 0.36 4.55 radio
Owens Valley(10.4) radio 4 0.49 2.0 16 2.7 7.95 0.17 1.36 radio
DRAO radio array 3 0.48 15 13 3.3 8.97 0.25 2.28 radio
Merlin array 6 0.24 1.4 17 5.9 11.92 0.35 4.13 radio
Molongo Obs Synth Telescog®OST) 2 0.67 1.3 14 2.0 10.50 0.14 1.50 radio
Green Bank Interferometer radio 2 0.67 1.3 12 5.3 8.75 0.46 4.00 radio
ESO Swedisi{15) sub-mm 2 0.67 1.3 11 4.0 8.25 0.36 3.00 sub-mm
RATAN RT-22 radio 1 1.00 1.0 9 2.0 9.00 0.22 2.00 radio
Nagoya(4) mm-wave 1 1.00 1.0 5 0.0 5.00 0.00 0.00 mm
JPL Goldstone radar 1 1.00 1.0 4 1.0 4.00 0.25 1.00 radar
Python(0.75 sub-mm 1 1.00 1.0 4 3.0 4.00 0.75 3.00 sub-mm
Hartbeesthoek26) radio 1 1.00 1.0 8 3.0 8.00 0.38 3.00 radio
Tokyo-Nobeyamg0.6) sub-mm 1 1.00 1.0 10 3.0 10.00 0.30 3.00 sub-mm
Owens Valley(40) radio 5 0.17 0.9 13 6.1 14.71 0.47 6.93 radio
Deep Space NetwortDSN) radio (70) 2 0.35 0.7 5 5.6 7.14 1.12 8.00 radio
Hat Creek(26) radio 1 0.50 0.5 5 5.0 9.00 1.11 10.00 radio
Inst Argentino de RadioastB0) 1 0.50 0.5 3 0.5 6.00 0.17 1.00 radio
U Michigan radio(20) 2 0.25 0.5 8 2.7 15.67 0.34 5.33 radio
AT&T Bell Labs (7) radio 2 0.20 0.4 6 3.2 15.50 0.52 8.00 radio
Cambridge One-Mile radio 1 0.33 0.3 9 1.3 27.00 0.15 4.00 radio
Cambridge 5 km radio 1 0.33 0.3 9 1.3 27.00 0.15 4.00 radio
Algonquin radio 1 0.33 0.3 7 0.7 21.00 0.10 2.00 radio
Medicina radio(32) 2 0.15 0.3 6 1.4 21.75 0.22 481 radio
Noto radio(32) 2 0.15 0.3 6 1.4 21.75 0.22 4.81 radio
Nancay radio 1 0.25 0.3 2 0.3 7.00 0.14 1.00 radio
Robledo radio(34) 1 0.20 0.2 2 04 8.00 0.25 2.00 radio
DSN (34) radio 1 0.20 0.2 3 2.6 15.00 0.87 13.00 radio
Total (or averagg 437 0.56 280 2996 784 10.71 0.26 2.80

pabilities of that instrument, was being done at the time. 1f0.9-m). The clustering of points in the bottom-right corner of
one excludes the point from Keck, both Figures 1 and ZFigure 2 shows that the very smallest telescdes—0.4-m
show only a slight correlatiofR < 0.1 for a linear regres- are usually, but not always, used in large campaigns. There
sion) betweenf and aperturéor area for ground-based tele- were only six campaigns involving ten or more telescopes:
scopes, so perhaps it is fair to give equal weights to thene was a VLBI radio campaigiXu et al. 1993, two were
contributions of different telescopes. Larg&-m) and  multiwavelength campaigns on AGN<Lourvoisier et al.
medium-size(2—3-m telescopes were most often used with 1995; McDowell et al. 1996 one was a Whole Earth Tele-
other telescopes, with 0.5 f < 0.6, giving the distribution scope, multi-longitude seismological campaigtawaler et

a triangular shape. Smdl.3—1-n) telescopes have a nearly al. 1995, and two were done primarily with small university
uniform distribution inf, with the largest spread ihof any  and amateur telescopes, organized by professiahth et

kind of instruments, showing their versatility: they are usedal. 1995; Kaye et al. 1995

both by themselved = 0.76 for the Mt. Laguna 1.0-jrand Statistics involving areas of the telescopes were also com-
in combination with other telescopés= 0.43 for the KPNO piled (see Tables 2, 3, 12, and )13 his is of interest since



1068 RESEARCH PRODUCTIVITY OF SMALL TELESCOPES AND SPACE TELESCOPES

TABLE 6. Summary of Data from the 199%8J, ApJ (Including Letters and Supplemehtand PASP

All 292 Telescopes From Space Radio
Telescopes with> 9.0 Trimble Instruments Telescopes
of all Kinds Citations (1995 (Table § (Table 6
(Table 2 (Table 2 (2 3) (4)
1)
Total papers: 2211 1399 479 437
Papergweighted: 1322 908 663 353 280
Pages: 13632 9367 7290 3288 2996
Citations: 4088 2943 2705 1230 784
Mean pages per paper: 10.31 10.30 11.00 9.31 10.71
Mean citations per page: 0.30 0.31 0.27 0.37 0.26
Mean citations per paper: 3.09 3.24 4.08 3.48 2.80

(1) These 39 telescopes include:
11 large ground-based optical/IR telescoEdm to 3-n),
11 small ground-based optical/IR telescof2s-m to 0.9-m,
9 ground-based radiq4), mm-wave (3), or sub-mm (2)
telescopes,
6 space instrument$HST, ROSAT, CGRO, ASTRO, IUE,
IRAS,
One solar instrumenthe Yohkohspacecraft
One other instrumer(uiper Airborne Observatojy

(2) Trimble (1999 included results only from 16 large> 2 m),
optical/near-IR telescopes, all with 9 citations in 1990-91.

(3) All cases are between 20—30% of the total for each.

(4) Including mm, sub-mm, and longer wavelengths.

Abt (1980 noted that telescope costs often correlate with(Hall et al. 1995. There were 2211 total papers, 1322

collecting area. weighted papers, and 4088 total citations, for all telescopes.
In 1995, space instruments produced 354 weighted pa-
RESULTS pers, 480 total papers, 3294 pages, and 1233 citations. We

The journals under review and published in 1995 con-Summarize the data from space instruments in Table 4. Since

tained new data from 292 telescopes of all kinds. The smallthree of four Nobel Prizes given for observational astronomy
est was a 0.1-nfd-inch) at Dublin Observatory in Delaware were for radio observationd974 to Hewish and Ryle; 1978

TABLE 7. Top Telescopes, Sorted by Number of Pages

Pages Pages
HST all instrumentg2.4) 1306 space AAT3.9 142
VLA 952 radio Caltech Submillimeter O4.0) sub-mm 139 sub-mm
ROSAT (all instruments 747 space Lovel(76) radio 133 radio
KPNO Mayall (4) 415 Parkeg64) radio 133 radio
Palomar Halg5) 386 KPNO coude fee¢0.9) 130
CTIO Blanco(4) 373 Keck | & 11 (10) 125
CFHT (3.6 294 McDonald(2.7) 124
MMT (4.5 285 INT (2.5 123
KPNO (2.1) 281 IRTF(3) 123
CGRO (all instruments 251 space KPNQ@1.3 116
IUE (0.45 227 space KPN@0.9) 112
NRAO (12) mm-wave 222 mm VLBA 110 radio
Lick Shane(3) 213 Yohkoh solar 109 solar
Palomar(1.52 211 CTIO Yale(1.02 107
ASTRO (all instrument$ 194 space UKIRT(3.8) 104
Steward(2.3) 190 WHT (4.2) 101
JCMT (15) sub-mm 190 sub-mm MDMO Hiltne(2.4) 100
Las Campanas Dupoii2.5) 169 Other 3956
Arecibo (305 154 radio
CTIO (0.9 152
NRAO (43) radio 151 radio
CTIO (1.5 151

Total 13632
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that between 1990-9@ rimble’s samplg and 1995(ours),

use patterns between telescopes changed relatively little. The
main difference was that the total number of papers pub-
lished for our sample was 1.3 times larger. This is not diffi-
cult to understand: although Trimble’s sample covered a
time span 1.5 times longer than ours, it included data from
only 16 telescopes.

Table 2 shows thaHubble Space Telescope signifi-
cantly more productive than any other instrument, with re-
gard to numbers of papers, pages, and citations. It also does
well with statistics normalized by telescope afgable 12.
Table 2 also shows that other expensive facilities, such as the
VLA, ROSAT andCGROare also among the most produc-
tive facilities.

Tables 7(number of pagesand 8 (number of citations
correlate with Table Qtotal and weighted number of pa-
pers, since these tables include many of the same instru-
ments(34/38, or 90%, for Table 7, and 33/38, or 87%, for
Table §. That the numbers of papers, pages, and citations
to Penzias and Wilson; 1993 to Hulse and Taylor; the 2002vould all correlate with each other is not surprising: Abt
prize went to Giacconi for X-ray astronomy, and to Davis (1984 found this too. So did science historian Derek de
and Koshiba for neutrino astronommywe also summarize Solla Price, who showed that quantity and quality often go
results from radio telescopes, including millimeter- and subtogether in scientific publication of all kind&rice 1972,
millimeter wave, in Table 5. We did not subdivide wave- 1986. In particular, Price showed that on average, scientists
bands further, however, because where they begin and endiis all fields who are doing the most important work are most
often a matter of opinion, driven by detector technology,often the scientists doing the most work, and that the most
e.g., 7800-10,000 Angséims was called near-infrared in the productive scientists are also the scientists that most often
days of photographyKeenan & Hynek 1950 but now is  produce the most important science. This has also been con-
often called visible light since CCDs can detect it, evenfirmed by Abt(2000 and by Burstein2000.
though human eyes cannot. A useful model for this, elaborated on by Price, is Alfred

Table 3 lists telescopes with- 9.0 citations, following J. Lotka’'s Law of Scientific Productivity, which states that
Trimble (1995, sorted by number of papers. The data fromthe number of scientists with just publications is propor-
these 39 instruments are summarized in Table 6, along wittional to 1h? (Lotka 1926; Price 1972; Price 1986, p.)38
those of Trimble(1995. Most of these data are similar, so Our data, plotted in Figure 3, show that this roughly applies

20

10

All 256 other telescopes —— ==

All other telescopes in Table 2

ROSAT | VLA HST
0 t T T t t

0 20 40 60 80 100 120

N (number of telescopes with n weighted papers)

n (weighted papers)

Fic. 3. The research productivity of telescopes.

TaBLE 8. Top Telescopes, Sorted by Number of Citations

Citations Citations
HST all instrumentg2.4) 484.4 space VLBA 38.1 radio
ROSAT (all instrument$ 290.3 space CTI@1.5 38.1
VLA 250.0 radio McDonald2.7) 37.6
CGRO(all instrument$ 148.0 space ASCA 36.5 space
KPNO Mayall (4) 142.4 KPNO(0.9) 36.0
CTIO Blanco(4) 108.9 Arecibo(305 35.3 radio
Keck | & II (10 106.3 NRAO(12) mm-wave 34.7 mm
CFHT (3.6 101.9 INT (2.5 325
MMT (4.5 97.7 Yohkoh solar 32.0 solar
Palomar Halg5) 95.3 WHT (4.2 31.0
KPNO (2.1) 70.4 IRAS 30.4 space
IUE (0.45 62.7 space NRA@43) radio 29.6 radio
UHawaii (2.2 58.2 Siding Spring2.3) 29.0
Lick Shane(3) 57.1 JCMT(15) sub-mm 28.2 sub-mm
UKIRT (3.8 57.0 Five ColleggFCRAO) (14) radio 27.7 radio
ASTRO (all instrument$ 56.5 space Lovel(76) radio 27.7 radio
Steward(2.3) 55.2 Parkeg64) radio 27.7 radio
AAT (3.9 51.6 Other 1035
IRAM (30) mm-wave 46.9 mm
Palomar(1.52 44.3
IRTF (3) 43.0
Las Campanas Dupofi.5) 39.1

Total (or averagg 4088
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TABLE 9. Top Telescopes, Sorted by Mean Pages/Paper

Pages/ Pages/
Paper Paper

Onsala(26) 52.0 Torun(0.9) 18.0
VU-TSU (0.4 37.8 Lick CAT (0.6 17.6
NRAO (91) radio 36.2 radio CASLEQ2.2 17.2
Cambridge One-Mile radio 27.0 radio Yale-Columitta66) 17.0
Cambridge 5 km radio 27.0 radio Yale Southédnbl) 17.0
Palomar(0.45 Schmidt 24.0 KPNO coude fed.9) 16.9
UNM Capilla Peak(0.61) 24.0 Las Campanas Dupof#.5 16.9
MSU (0.6) 24.0 Mt. Wilson(2.54) 16.4
Okayama(1.88 23.0 GOES 16.0 space
Medicina radio(32) 21.8 radio Beijing A 0(0.6) 16.0
Noto radio(32) 21.8 radio Ege Univ. Obg0.48 16.0
Five College(FCRAO) (14) radio 21.1 radio U Michigan radi¢20) 15.7 radio
Lovell (76) radio 21.1 radio AT&T Bell Labg7) radio 15.5 radio
Parkes(64) radio 21.1 radio UK Schmidfl.2) 15.2
STS-39 Far-UV Cameras 21.0 space Pine B(0fB1) 15.2
James Gregory0.9) 21.0 Palomar Hal¢5) 15.1
Algonquin radio 21.0 radio DSN34) radio 15.0 radio
Mt. Wilson (1.529 18.7 Owens Valley40) radio 14.7 radio
MIRA (0.9 18.0 McDonald(2.7) 14.5
Table Mt (0.5 18.0 Other 8.4
Cima Ekar(1.82 18.0

Total 10.1

TasLE 10. Top Telescopes, Sorted by Citations/Page. This May or May Not Be a Useful Benchmark: Note the Small Number of Papers Often Involved

Citations/ Papers Pages Citations
Page (Weighted

Spartan 20Xsolap 3.00 0.5 2 6.0 solar
CANGAROQO (3.8 gamma ray 2.75 0.5 2 5.5 gamma-ray
COBE (all instrumentg 1.42 1.0 12 17.0 space
UARS all instruments 1.25 1.0 4 5.0 space
Mt. Stromlo (1.3 1.19 2.0 16 19.0
Deep Space NetworkDSN) radio (70) 1.12 0.7 5 5.6 radio
Hat Creek(26) radio 1.11 0.5 5 5.0 radio
Mees Solar coronagraf0.25 1.06 0.8 6 6.3 solar
Balloon-borne IR Carbon ExploréBICE) 1.00 1.0 4 4 balloon
Teide (0.9 1.00 0.5 2 2.0
Owens Valley mm array 0.93 6.3 36 33.8 mm
DSN (34) radio 0.87 0.2 3 2.6 radio
Keck | & Il (10) 0.85 22.0 125 106.3
ASCA 0.83 6.5 44 36.5 space
Swedish solar VT(0.48 0.81 2.0 16 13.0
ESO Dutch(0.9 0.79 0.8 6 4.5
Python(0.75 sub-mm 0.75 1.0 4 3.0 sub-mm
Mt. Wilson (1.529 0.73 0.8 14 10.3
Mt. Wilson (2.54) 0.70 1.0 16 10.9
FL Whipple (100 gamma ray 0.66 25 22 14.3 gamma-ray
UHawaii (2.2 0.61 7.4 95 58.2
CGRO (all instrumenty 0.59 29.1 251 148.0 space
CBA East(0.66 0.59 0.5 6 3.3
Brigham Young ObgBYO) (0.6) 0.58 0.8 4 2.5
Stony Brook(0.36) 0.57 0.2 1 0.7
IRAM (30) mm-wave 0.56 10.7 84 46.9 mm
ARGO balloon(1.2) 0.56 1.0 9 5.0 balloon
UKIRT (3.8 0.55 11.5 104 57.0
AT&T Bell Labs (7) radio 0.52 0.4 6 3.2 radio
NSO VTT solar 0.50 4.0 24 12.0 solar
Byurakan(1.0) Schmidt 0.50 1.0 14 7.0
Kitt Peak NSO VT solar 0.50 1.0 6 3.0 solar
U. Missouri(0.35 0.50 1.0 4 2.0
Suhora(0.6) 0.50 0.3 2 0.8
Kavalur (2.3 0.50 0.3 2 0.8
Foggy Bottom(0.4) 0.50 0.2 1 0.7
Loiano (1.5 0.50 0.2 1 0.7
Kagoshima Space Centé3.6) 0.50 0.2 1 0.7
Asiago Schmidt0.40 0.50 0.3 1 0.3
Catania Schmid(0.4) 0.50 0.3 1 0.3
Other 0.27 1200 12673 3424

Total (or averagg 0.30 1322 13632 4088
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TaBLE 11. Top Telescopes, Sorted by Citations/Paper. Again, Small Numbers of Papers Are Often Involved: But Note Also the Highly Cited Papers

Citations/ Papers Pages Citations
Paper (Weighted

COBE (all instrumentg 17.00 1.0 12 17.0 space
Mt. Wilson (1.529 13.67 0.8 14 10.3
DSN (34) radio 13.00 0.2 3 2.6 radio
Spartan 20Xsolan 12.00 0.5 2 6.0 solar
Mt. Wilson (2.54) 11.42 1.0 16 10.9
CANGAROQO (3.8 gamma ray 11.00 0.5 2 55 gamma-ray
Onsala(26) 11.00 0.1 5 1.0
Hat Creek(26) radio 10.00 0.5 5 5.0 radio
Mt. Stromlo (1.3 9.50 2.0 16 19.0
Deep Space NetwortDSN) radio (70) 8.00 0.7 5 5.6 radio
AT&T Bell Labs (7) radio 8.00 0.4 6 3.2 radio
UHawaii (2.2) 7.84 7.4 95 58.2
Mees Solar coronagraf0.25 7.60 0.8 6 6.3 solar
UK Schmidt(1.2) 7.47 3.0 45 22.1
Byurakan(1.0) Schmidt 7.00 1.0 14 7.0
Owens Valley(40) radio 6.93 0.9 13 6.1 radio
CBA East(0.66 6.67 0.5 6 3.3
VU-TSU (0.4) 6.60 0.6 21 3.7
Swedish solar VT0.48 6.50 2.0 16 13.0
MSU (0.6) 6.00 0.5 12 3.0
Cima Ekar(1.82 6.00 0.1 2 0.8
Torun (0.9 6.00 0.1 2 0.8
FL Whipple (10) gamma ray 5.73 25 22 14.3 gamma-ray
ASCA 5.62 6.5 44 36.5 space
ESO Dutch(0.9 5.40 0.8 6 4.5
Owens Valley mm array 5.37 6.3 36 33.8 mm
U Michigan radio(20) 5.33 0.5 8 2.7 radio
Siding Spring(2.3 5.24 5.5 63 29.0
CGRO (all instrumenty 5.09 29.1 251 148.0 space
ARGO balloon(1.2) 5.00 1.0 9 5.0 balloon
UARS all instruments 5.00 1.0 4 5.0 space
ISAS (1.3 5.00 0.5 6 2.5
James Gregory0.9) 5.00 0.5 11 25
Yale-Columbia(0.66) 5.00 0.2 3 1.0
Yale Southern0.51) 5.00 0.2 3 1.0
UKIRT (3.8 4.96 115 104 57.0
Keck | & Il (10) 4.84 22.0 125 106.3
Medicina radio(32) 4.81 0.3 6 1.4 radio
Noto radio(32) 4.81 0.3 6 1.4 radio
Westerbork radio array 4.55 2.1 27 9.7 radio
Other 2.83 1207 12580 3416
Total (or averagg 3.09 1322 13632 4088

to telescopes, too, although the curve is steeper, fitting dubble Space Telescomdso places high on this list, reas-
13401 jaw. But then, as Pric€1986 points out, the high  suring because it is such an expensive facility. Still, Table 12
scorers will be exceptions anyway, so that excluding thas dominated by smaller instruments, as is Table 13, which
HST, VLA, and ROSATdata, our data fit a " %1 law. lists similar data for ground-based optical/near-infrared tele-

Table 9 (pages/paper Table 10 (citations/page and  scopes only. These smaller instruments are often automated
Table 11(citations/paperall show a mix of instruments sig- (e.g., the 0.25-m APT on Mt. Hopkins, or Indiana Universi-
nificantly different from Tables 2 and 7-8. This is probably ty’s 0.4-m RoboScopeor networked or both(e.g., tele-
due to these statistics being capable of being strongly afscopes participating in Center for Backyard Astrophysics
fected by single, highly cited papers, from instruments with CBA] campaigns Nationally run Schmidt telescopes, such
relatively few total papers. Still, Table 1@itations/page as the Burrell Schmidt on Kitt Peak and the CTIO Curtis
features well-known, highly cited work, e.g., the MACHO Schmidt, place well in Tables 12 and 13. So do small, na-
project with the 1.3-m at Mount Stroml@Alcock et al. tionally run telescopes, such as the CTIO 0.9-m and the
1995, and the discovery of Trans-Neptunian Objects, withKPNO 0.9-m. The KPNO 2.1-m, CTIO 1.5-m, Palomar
the U. Hawaii 2.2-m(Jewitt & Luu 1995. 1.52-m, and Steward 2.3-ffwhich, although productive, is

Table 12 lists papers, pages, and citations, all divided bylways behind the public KPNO 2.1-m on the same moun-
telescope collecting area. A small space telescope, thgin) are among the few others common to Table 12 and
0.45-m International Ultraviolet Explorer leads this list. Tables 2 and 7-8.
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TaBLE 12. Top Telescopes, Sorted by Papers/Collecting Area. Radio Telescopes and Interferometers of All Kinds Have Been Excluded

Papers/ Pages/ Citations/ Total

Area Area Area Papers
IUE (0.45 118.7 1426.1 394.2 33 space
Mt. Hopkins APT(0.25 50.9 336.1 40.7 4
HST all instrumentg2.4) 28.5 288.7 107.1 163 space
Burrell Schmidt(0.6) 22.4 194.2 33.0 10
CTIO (0.9 19.6 234.2 39.0 25
Mees Solar coronagrap.25 17.0 122.2 129.0 2 solar
KPNO (0.9 16.6 171.9 554 25
Kuiper Airborne(KAO) (0.91) 13.8 129.9 39.2 10 aircraft
CTIO Lowell (0.6) 13.5 134.0 27.4 9
CBA West(0.36 13.1 49.1 13.1 2
CBA (0.32 12.4 126.4 49.7 4
Goethe-Link Roboscop€.4) 11.9 63.7 19.9 2
KPNO coude feed0.9) 11.8 200.5 27.7 12
CTIO Yale (1.02 11.3 130.7 19.9 20
Swedish solar VT(0.48 11.1 88.4 71.8 2
U. Missouri(0.35 10.4 41.6 20.8 1
Las Campanas Swopé.02 10.3 116.8 315 13
Mt. Laguna(1.0) 9.7 69.2 12.6 10
CTIO Curtis Schmid{0.6) 9.5 56.6 10.6 4
UHawaii (0.6) 9.2 96.3 11.1 5
Palomar(1.52 8.9 116.2 24.4 27
Mentor (0.4) 8.0 39.8 0.0 1
KPNO (1.3 7.7 87.5 19.6 21
KPNO (2.1) 7.3 81.1 20.3 52
CTIO (1.5 7.3 85.4 21.5 27
Landis (0.2 7.0 49.3 10.5 3
Palomar(0.45 Schmidt 6.3 150.9 12.6 1
SAAO (0.5 6.0 60.7 9.0 4
Rothney(0.4) 6.0 63.7 2.0 2
Mt. Hopkins (0.4) 5.7 36.2 2.6 4
Kiso Schmidt(1.05 5.7 61.9 11.5 7
Braeside(0.4) 55 68.4 9.8 5
Mt. Laguna(0.6) 5.3 37.1 3.5 2
Lick CAT (0.6 5.2 91.8 16.4 4
McGraw-Hill (1.3 5.2 40.8 8.5 13
Sproul (0.61) 5.1 35.9 3.4 2
Toronto (0.61) 5.1 24.0 5.1 2
Whipple (1.2 4.9 45.8 10.6 12
Dublin Obs(0.1) 4.9 53.9 4.9 1
Steward(2.3) 4.5 45.8 13.3 37
Other 1628
Total (or averagg 2211

The original question that motivated AHtL985 and papers/area, versus the KPNO 4-m at 2.6, the Hale 5-m at
Trimble (1995 to carry out their studies was whether public 1.3, and the Lick 3-m at 2.6, and CFHT at 3.6.
(CTIO 4-m, KPNO 4-m or private(Palomar 5-m, Lick 3-m However, none of these five telescopes even place in
large telescopes are more productive. Both Abt and Trimbl&ables 12 or 13, which is dominated by much smaller instru-
found they were about even. Tables 2 and 7-8 show thenents. Among the telescopes common to Tables 2 and 12 are
public telescopes to be ahead, at least in the optical/neathe CTIO 0.9-m, the KPNO 0.9-m, the KPNO 2.1-m, and the
infrared. In Figure 3, the CTIO 4-nithe Blanco telescope Palomar 1.52-m. Cursory examination of Figure 3 might lead
and the KPNO 4-nithe Mayall telescopeare the most pro- one to conclude that, because most results come from only a
ductive ground-based optical/near-infrared telescopes of anfgw telescopes, one might therefore get away with support-
kind, with 33.4 and 32.1 weighted papers in 1995, versusng only those few telescopes. That small, inexpensive tele-
25.5 for the Hale 5-m, and 18.4 for the Lick Shane 3and  scopes can and do place near the top contradicts this. Fur-
27.8 for the Canada-France-Hawaii 3.6-m, remarkable sincthermore, when normalized by area, which to a large degree
it is primarily a foreign telescope: one might have expectedeflects costs, small telescopes come out distinctly ahead: not
the Canadian observers to have published ilrMhRASand  one of the telescopes in Tables 12 or 13 has a 3-m or larger
the French observers to have publishedd\&A). Normaliz-  aperture.
ing by telescope aperture still favors the public telescopes, We therefore conclude that it is a tragedy for science that
with Table 2 showing the CTIO 4-m to have produced 2.7many observatories are closing their small telescopes, and
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TaBLE 13. Top Ground-based, Optical/IR Telescopes, Sorted by Papers/Collecting Area

1073

Total f Papers Pages Citations Pages/ Citations/ Citations/ Papers/ Pages/  Citations/

Papers (Weighted Paper Page Paper Area Area Area
Mt. Hopkins APT(0.25 4  0.63 25 17 2.0 6.60 0.12 0.80 50.9 336.1 40.7
Burrell Schmidt(0.6) 10 0.63 6.3 55 9.3 8.67 0.17 1.47 22.4 194.2 33.0
CTIO (0.9 25 051 12.8 152 25.4 11.94 0.17 1.99 19.6 234.2 39.0
Mees Solar coronagrapl.25 2 0.42 0.8 6 6.3 7.20 1.06 7.60 17.0 122.2  129.0 solar
KPNO (0.9 25 043 10.8 112 36.0 10.33 0.32 3.33 16.6 171.9 55.4
CTIO Lowell (0.6) 9 042 3.8 38 7.7 9.94 0.20 2.03 135 134.0 27.4
CBA West(0.36 2 067 1.3 5 1.3 3.75 0.27 1.00 13.1 49.1 13.1
CBA (0.32 4 025 1.0 10 4.0 10.17 0.39 4.00 12.4 126.4 49.7
Goethe-Link Roboscop.4) 2 075 15 8 25 5.33 0.31 1.67 11.9 63.7 19.9
KPNO coude feed0.9) 12 0.64 7.7 130 18.0 16.93 0.14 2.34 11.8 200.5 27.7
CTIO Yale (1.02 20 0.46 9.3 107 16.2 11.53 0.15 1.75 11.3 130.7 19.9
Swedish solar VT(0.48 2 1.00 2.0 16 13.0 8.00 0.81 6.50 111 88.4 71.8 solar
U. Missouri(0.395 1 1.00 1.0 4 2.0 4.00 0.50 2.00 10.4 41.6 20.8
Las Campanas Swopé.02 13  0.65 8.4 95 25.8 11.33 0.27 3.06 10.3 116.8 315
Mt. Laguna(1.0) 10 0.76 7.6 54 9.9 7.16 0.18 1.31 9.7 69.2 12.6
CTIO Curtis Schmid{0.6) 4 0.68 2.7 16 3.0 5.93 0.19 111 9.5 56.6 10.6
UHawaii (0.6) 5 052 2.6 27 3.2 10.50 0.12 121 9.2 96.3 11.1
Palomar(1.52 27  0.60 16.1 211 44.3 13.11 0.21 2.75 8.9 116.2 24.4
Mentor (0.4) 1 1.00 1.0 5 0.0 5.00 0.00 0.00 8.0 39.8 0.0
KPNO (1.3 21 0.49 10.3 116 26.0 11.32 0.22 2.53 7.7 87.5 19.6
KPNO (2.1 52  0.49 255 281 70.4 11.03 0.25 2.77 7.3 81.1 20.3
CTIO (1.5 27 048 12.9 151 38.1 11.72 0.25 2.96 7.3 85.4 215
Landis(0.2) 3 0.07 0.2 2 0.3 7.07 0.21 151 7.0 49.3 10.5
Palomar(0.45 Schmidt 1 1.00 1.0 24 2.0 24.00 0.08 2.00 6.3 150.9 12.6
SAAO (0.5 4 0.29 1.2 12 1.8 10.15 0.15 151 6.0 60.7 9.0
Rothney(0.4) 2 038 0.8 8 0.3 10.67 0.03 0.33 6.0 63.7 2.0
Mt. Hopkins (0.4) 4 018 0.7 5 0.3 6.33 0.07 0.46 5.7 36.2 2.6
Kiso Schmidt(1.05 7 070 4.9 54 10.0 10.94 0.19 2.04 5.7 61.9 11.5
Braeside(0.4) 5 014 0.7 9 1.2 12.36 0.14 1.78 55 68.4 9.8
Mt. Laguna(0.6) 2 075 15 11 1.0 7.00 0.10 0.67 5.3 37.1 35
Lick CAT (0.6) 4 037 15 26 4.6 17.58 0.18 3.15 5.2 91.8 16.4
McGraw-Hill (1.3) 13 053 6.9 54 11.3 7.90 0.21 1.64 5.2 40.8 8.5
Sproul (0.61) 2 075 15 11 1.0 7.00 0.10 0.67 5.1 35.9 3.4
Toronto (0.6 2 075 15 7 15 4.67 0.21 1.00 5.1 24.0 5.1
Whipple (1.2 12 047 5.6 52 12.0 9.28 0.23 2.15 4.9 45.8 10.6
Dublin Obs(0.1) 1 0.04 0.0 0 0.0 11.00 0.09 1.00 4.9 53.9 4.9
Steward(2.3) 37 051 18.9 190 55.2 10.07 0.29 2.92 45 45.8 13.3
McDonald (0.76) 6 034 2.0 25 5.2 12.48 0.21 2.58 4.4 55.4 11.5
Other 892 0.44 476 5031 1544 10.57 0.31 3.25
Total (or averagg 1275 0.46 672 7135 2017 10.61 0.28 3.00
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