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The following report covers the period July 1996 throughvations(“first light” ) with the completed Gregorian system

July 1997. were made in the third week of October, shortly before this
report was submitted. The preliminary test observations of
1. FACILITIES standard calibrator radio sources showed that the perfor-

. . . ... mance of the upgraded telescope was close to that expected.
The Arecibo Observatory is the primary research facmtyAt that time the telescope commissioning phase began, to

of the National Astronomy and lonosphere CenfgAIC). include pointing, calibration, and polarization tests for use in

The NAIC is operated as a visitor-oriented national researctﬂqaking final adjustments to the optical focus and alignment.

center by qunell University under_a cooperati_ve agreement, ionsive azimuth rail alignment work remained that was
with the National Science FoundatigNSF). Partial support expected to carry into the spring of 1998, although this was

for the planetary radar program is provided by the Nationa ot expected to interfere with nighttime and weekend obser-

Aeronautics and Space AdministratigNASA). Typically vations and commissioning work. A limited schedule of 430-

about 80% of the available observing time has gone to astrqy, ,, tracking-mode observations with the carriage-house

nomical research programs, the remaining 20% going to Mfeed was planned to begin in November 1997, and a special

se;;rrc]:h Xrog_rsm(s)kljn atm?sph_er:c S?edl Imb O?ig‘t h all went out for proposals to use the Gregorian feed during
€ Arecibo Dbservatory 1S located abou m South Ok e interim commissioning phase. It is anticipated that the

Arecibo, a city on the north coast of Puerto Rico about 80telescope will be in normal operational modsith a full

krr; We?'t of350a5n Ju;n. Trt]e pnr;]cple llnstc;yme?lt OI the ct)bser'schedule of scientific observations on a fully calibrated in-
vatory is a -m-diameter spherical radio reflector antenn: trument by the summer of 1998.

Radio sources can be tracked within 20 degrees of the zenit
using moveable feeds suspended above the stationary reﬂe§.’lNSTRUMENTATION
tor. The observatory latitude of 18°24 gives a declination
coverage of about-1°39 to +38°21. Depending upon
their declinations, celestial objects may be within view at
Arecibo for up to 2h40m each day. . i
Other facilities operated by the observatory include arcOoPe upgrad_e has replaced most of the_ line feeds with a
optical facility and a high-power HF transmitting array. The single Gregorian subreflector system. Multiple feed horns at

optical and HF facilities are normally used for airglow ob- the Gregorian focus will eventually provide continuous fre-

servations and ionospheric heating experiments, respectivel uency coverage between 300 MHz and 10 GHz. Replacing

Operational support at Arecibo includes a scientific staff, he 40-ft line feeds increases the maximum sensitivity at
an electronic maintenance and development shop, mecharilif}l.5 and 1665 MHz from 8 KiJy to 12 K/Jy and lowers the
cal engineering and maintenance services, a computing cefynimum system temperature.to 20 K. A new 1-MW S-band_
ter, technical library, drafting services, living accomodationsradar system has also been installed on the Gregorian; this

for visiting scientists, and a cafeteria. Additional support isnevyt;]adar :S rgore sg:-nstiti;/e tthan ftf;)e t0|d S'bfgd sZsZeom gy a
provided by the NAIC staff at Cornell University in Ithaca, zenith angie dependent tactor of between an - Lar

New York, where a small electronics development group,rlage House #1 and its associated systéntuding the 318

some business functions, and a small scientific group argnd 430 MHz feeds and the 430 MHz ra)?”?‘a‘(e been re-
located. tained, and a 430 MHz transmitting capability is planned for

the Gregorian. The 430 MHz line feed has a sensitivity of 18
K/Jy and a beamwidth of 10 arcmin. This feed can be con-
2. TELESCOPE UPGRADE STATUS nected to a 2.5 MW peak-powét50 kW average powgr
The Observatory has just completed a major upgrade teadar transmitter; this 430 MHz radar is normally used for
the telescope, funded jointly by the NSF and NASA. Theincoherent backscatter observations of the ionosphere. Radar
main component of the upgrade was the installation of abservations of planets and other deep-space objects are nor-
Gregorian subreflector feed system to replace most of theally made with the S-ban@®380 MH2 radar, although the
line feeds. Other parts of the upgrade included installation 0430 MHz radar can also be used in cases where a lower radar
a new, more powerful S-band transmitter and construction ofrequency is desired.
a ground screen to eliminate spillover noise. Installation of Receiving systems to become available during the Grego-
the S-band transmitter in the Gregorian dome was completedan commissioning phader shortly thereaftgrinclude 430
in early summer of 1997 and the new radar tested out sudviHz, 600-700 MHz, L-band1.1-1.7 GH2z, S-band(2.38
cessfully. The new antenna drive systems were commisSHz), and C-band3.95-5.85 GHg An X-band(8.0-10.0
sioned in September 1997 and full telescope tracking capasHz) receiver is also planned for the near future.
bility with both the Gregorian and 430 MHzarriage house Telescope pointing and realtime data acquisition are con-
feeds was achieved the following month. The first test obsertrolled using a network of VMEbus single-board computers

In the past, most observations with the Arecibo telescope
used spherical aberration correcting line feeds mounted on
one of two “carriage houses” on the azimuth arm. The tele-



388 ANNUAL REPORT

running the VxWorks operating system kernel. Custom-builts.1 Arecibo Staff
data acquisition devicegsbackends”) include(1) a general-
purpose A/D system capable of sampling four analog chan- D. R. Altschuler -Active Radio Sources
nels at up to 10-MHz rates with programmable resolutions of W. A. Baan -Molecular Lines, Interstellar Medium
1 to 12 bits per sample per chann@) an (interim) 50-MHz, M. M. Davis - Pulsars, Extragalactic Line and Con-
4096-lag Spectral Line Correlator with programmable bandtinuum
width from 195 kHz to 50 MHz(3) a 50-MHz Radar De- Jo Ann Eder -Extragalactic Astronomy, 21-cm Spectral
coder,(4) a 100-MHz Spectral Line Correlator being devel- Line Observations
oped, (5) a 10-MHz bandwidth Pulsar Search/Timing J. Friedman Optical Observations of lonosphere
Machine with up to 256 channels, ar®) a wideband T. Ghosh -Low Frequency Variability, Active Galactic
continuum/polarimetry instrument being developed. An S2Nuclei, Interstellar Scintillation, VLBI
VLBI system is also available. Additional realtime signal S. A. Gonzalez {onospheric Observations
processing capability is provided by four Skybolt i860-based J. K. Harmon -Planetary Radar, Solar Wind
VMEbus single-board computers with 240 MFLOPS peak P. Hofner -Molecular Lines
combined capacity. B. Isham -lonospheric Radar and Modification
Data are recorded on 8mm tape using helical san B. M. Lewis - Normal Galaxies, Interstellar Medium,
abyte recorders; short runs may be recorded on disk and®H/IR Stars, Circumstellar Shells
accessed over the local area network. The analysis network B. MacPherson tonospheric Modeling
consists of about forty Sun Microsystems workstations, M. Nolan - Planetary Radar, Asteroid Science
about 30 GBytes of disk, and several 8nfome 4mm heli- C. Salter -Galactic Continuum, AGN’s, HI Absorption in
cal scan tape drives. Software available includes several ifRulsars
teractive data reduction and display packages like ANALYZ, M. P. Sulzer -Atmospheric Physics, lonospheric Modifi-
AIPS, IRAF, CLASS, IDL and MATLAB, the IMSL and cation
PORTLIB mathematical subroutine libraries, specialized li- C. A. Tepley -Airglow, lonospheric Radar, Lidar Studies
braries for ephemeris calculation and data format conver- K. M. Xilouris - Pulsars
sions, and the FrameMaker desktop publishing system. Hard- Q. Zhou -lonospheric Observations
copy devices include two 600dpi and two 300dpi black-and-
white laser printers and one 300dpi dye-sublimation color
printer. The Ob§ervatory network also ir_1c|udes about fiftys 5 cornell Staff
IBM-AT compatibles and two Apple Macintosh computers,
and is connected to the Internet via a dedicated 56Kbps link. p. B. Campbell -Planetary Radar

J. M. Cordes pulsars, Interstellar Medium

4. OBSERVING PROPOSALS R. Giovanelli -Extragalactic and Galactic Lines

The Arecibo Observatory welcomes and encourages re- P. F. Goldsmith Molecular Clouds and Star Formation
search projects by qualified scientists from other institutions. M. P. Haynes Extragalactic and Galactic Lines, Galax-
A complete explanation of proposal submission and evaluaies and Clusters
tion procedures can be found on the observatory’s Web site M. C. Kelley -lonospheric Electrodynamics, Atmospheric
(http://www.naic.edu). Proposals are evaluated on a trimes-Science
ter basis, with submission deadlines of February 1, June 1, Y. Terzian -Planetary Nebulae, Interstellar Medium
and October 1 of any given year. The normal scheduling
window for a proposal begins four months after the corre-
sponding deadline. All proposals are evaluated by anonyg
mous referees outside of NAIC. Electronic proposal submis-

sion is preferred. This involves e-mailing the standard Tphe Observatory conducts a Summer Student Program in
observatory Cover Sheet along with an attached POStSC”%fstronomy and atmospheric sciences. For this program a
file containing the body of the proposal. The Cover Sheet cagmaj| number of undergraduate and graduate students are
be obtained by sending an empty e-maittver@naic.edu  chosen to spend the summer at Arecibo engaged in research
Those proposers who cannot submit electronically, or wheyrograms under the supervision of staff scientists. Applica-

cannot provide a Postscript version of the body, may sengqns for the Summer Student Program should be submitted
their proposals to: Director, Arecibo Observatory, P.O. Boxig NAIC by early February.

.3 Summer Student Program

995, Arecibo, PR 00614. The Summer Students for the summer of 1997 were:
Francisco M. Acevedo, Embry-Riddle Coll.
5. STAFF Amanda Birmingham, Amherst Univ.

The NAIC scientific staff is located in both Arecibo, Pu-  Brent Grime, Penn State Univ.
erto Rico and on the Cornell campus in Ithaca, New York. Christopher Hardin, Amherst Coll.
Dr. Paul F. Goldsmith, Director of NAIC, is based in Ithaca. Zoe Leinhardt, Carleton Coll.
The observatory’s Director of Operations, Dr. Daniel R.  Melissa Nysewander, Agnes Scott Coll.
Altschuler, is based in Arecibo. NAIC-affiliated scientists  Anil Seith, Wesleyan Univ.
and their areas of specialization are listed below. Arturo Yanez Navarrete, Univ. Puerto Rico
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6. COMMITTEES installation of the new tiedown cables. In spite of this, sev-
6.1 AU&SAC Committee eral hu_ndred hours of good-quality search data were taken by
the various groups. All of the data were taken using the Penn
The Arecibo Users and Scientific Advisory Committee State Pulsar MachindPSPM as the backend processor. The
(AU&SAC) meets annually in Puerto Rico to advise thePSPM is now a User-Owned/Public-Access instrument
NAIC on the future needs for instrumentation and facilities.which is maintained by the Observatory and made available

The current committee members are: to any research groups using the telescope.
T. Bania, Boston Univ. To date, the “upgrade searches” have resulteddon-
J. Breakall, Penn State Univ. firmed) discoveries of more than 60 pulsars. Most of the
J. M. Dickey, Univ. Minnesota these confirmations were made earlier in the upgrade when
D. Emerson, NRAO the telescope could occasionally be used in tracking mode.
C. Fesen, Dartmouth Coll. We anticipate that the various search groups will use the
R. Foster, Naval Res. Lab. telescope during the early post-upgrade peffatiich had
K. Groves, Phillips Lab. just commenced in early November of 1997, when this re-
T. Kane, Penn. State Univ. port was submittedto confirm the remainder of their pulsar

. F. Larson, Clemson Univ. candidates, which should result in a substantial increase in

F. J. Lockman, NRAO the total haul of new pulsars from the upgrade searches.
P. C. Myers, Harvard-Smithsonian CFA
P. Schloerb, Univ. Massachusetts 7.2 Space VLBI

6.2 NAIC-VC Committee Because of its great sensitivity, the Arecibo telescope is

_ ~ expected to become an important participant in the new field

The National Astronomy and lonosphere Center Visitingof space VLBI. The observatory has recently become in-
Committee(NAIC-VC), appointed by Cornell to review the yo|yed in the Japanese VSOP mission, whose space antenna

management and research programs of the Observatory, NQ{sALCA) was successfully launched in February of 1997.

mally meets once a year. The current members are: To function as a station in the VSOP network, the Observa-
H. C. Carlson, Phillips Lab. tory took loan of an S2 VLBI recorder from the Institute of
J. N. Hewitt, MIT Space and Terrestrial SciencéSTS) in Toronto, Canada.
T. L. Killeen, Univ. Michigan The first VSOP observations involving Arecibo were made
S. Kulkamni, Cal Tech in July 1997, and, despite the fact that the telescope was
J. M. Moran, Smithsonian Astrophys. Obs. restricted to drift mode, fringes were obtained from the
P. Palmer, Univ. Chicago Arecibo baseline. Arecibo is expected to continue as a regu-
J. E. Salah, Haystack Obs. lar participant in VSOP observing programs, which includes
P. Schwartz, Naval Res. Lab. general observing time as well as a 5-GHz survey of active
S. C. Solomon, Carnegie Inst. of Wash. galactic nuclei.

7. PROGRAM HIGHLIGHTS
PUBLICATIONS

Telescope upgrade construction prevented tracking-mode _ ) L

observations during the entire reporting period. This re- 1 ne following list of publications from NAIC staff and
stricted the observational astronomy program to drift-scaryiSiting Scientists is not necessarily complete. These contri-
pulsar searches and participation in the inauguration of a neQUtions appeared in the open literature or were in press
Space VLBI system. The remainder of the observing time2U!ing the period from July 1996 to July 1997.

was devoted to aeronomy programs, which are outside th@'ef: W-. IfBek?z, A.O. f‘dGUdel’ M., 1997, "VLBI Measure-
purview of this report. ment of the Size of dMe Stars,” A&A, 317, 707.

Anderson, S.B., Cadwell, B.J., Jacoby, B.A., & Wolszczan,
A., 1996, “A 143 Millisecond Radio Pulsar in the Super-
nova Remnant S147,” ApJ, 468, L55.

This reporting period saw the continuation of the drift- Baan, W.A., 1997, “Diagnostics of the Power Supply,” Na-

scan pulsar search programs that commenced with the start ture, 386, 445.

of the telescope upgrade in 1993. These searches were iBaan, W.A., 1997, “Extragalactic Studies of Molecules,”

tended to make good scientific use of the telescope during ApLett, in press.

those extended periods when there was no telescope trackig@an, W.A., 1996, “Keeping the Windows to the Radio

capability. The Arecibo sky was divided into declination Universe Open: The Side Effects of Increased Telecom-

strips and apportioned amongst five separate research groupsmunication,” ICSU Newsletter #62Sci. Intern).

that submitted proposals. As was the case for the last reporBaan, W.A,, 1997, “Megamasers,” irHigh Sensivity Radio

ing period, this past year saw several extended interruptions Astronomy(Cambridge, in press.

to the search program due to upgrade-related condition8aan, W.A. & Haschick, A., 1996, “Molecular Tori and

This included periods when the 430 MHz feed was taken H20O Megamaser Variability,” ApJ, 473, 269.

badly out of focus by the raising and lowering of the feedBacker, D.C., Dexter, M.R., Zepka, A., Ng, D., Werthimer,

platform during tensioning of the main support cables and D.J., Ray, P.S. & Foster, R.S., 1997, A Programmable

7.1 Pulsars
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36 MHz Digital Filter Bank for Radio Science,” PASP, Fisher Relation,” inDark Matter in the Universeeds. S.

109, 61. Bonometto, J. Primack, A. Provenzdfgocieta ltaliana di
Bowyer, S., Werthimer, D. Donnelly, C. Cobb, J., Ng, D. & Fisica.

Lampton, M., 1997, “Twenty Years of Serendip, the Ber- Giovanelli, R., 1997, “The Luminosity Width Relation of

keley SETI Effort: Past and Future Plans,” Astronomi- Spiral Galaxies,” inProceedings of Scaling Relations in

cal and Biochemical Origins and the Search for Life in  Extragalactic Astronomyed. L. da CostéESO), in press.

the Universe eds. C.B. Cosmovici, S. Bowyer, D. Wer- Giovanelli, R., 1997, “Deviations from Hubble Flow in the

thimer. Local Universe,” inProceedings of Critical Dialogues in
Briggs, F.H., Brinks, E. & Wolfe, A.M., 1997, “Warm Neu- Cosmology ed. N. Turok (Princeton Univ. Press in
tral Gas at Redshift=z3.4,” AJ, 113, 467. press.
Camilo, F., Nice, D.J., Shrauner, J.A. & Taylor, J.H., 1996,Giovanelli, R., 1997, “Large-Scale-Structure, Peculiar Ve-
“Princeton-Arecibo Declination-Strip Survey for Milli- locities and the Density Field in the Local Universe,” in
second Pulsars: Part I.,” AJ, 469, 819. Proceedings of Generation of Cosmological Large-Scale-

Cesaroni, R.OImi, L., Walmsley, C.M., Churchwell, E., & Structure ed. D. SchramniKluwer), in press.
Hofner, P., 1996, “A Massive Core Associated with the Giovanelli, R., 1997, “The |-Band Tully-Fisher Relation
UC HIl Region G31.4%0.31,” in Proc. Conf. Honoring and the Hubble Constant,” irExtragalactic Distance

Hans ElsasserLecture Notes in Physics. Scale eds. M. Livio, M. Donahue, N. Panagi@am-
Cesaroni, R., Walmsley, C.M., Felli, M., &Imi, L., 1996, bridge Univ. Press in press.

“The Outflow-Disk System Around IRAS 20126 Giovanelli, R., 1996, “Extragalactic Neutral Hydrogen at

+4104," A&A, submitted. Low Redshif,” in Spherical Radio Telescopesds. R.

Cobb, J., Donnelly, C., Bower, S., Werthimer, D. & Lamp-  Strom, B. Peng, R. Nafinternational Academic Publ.
ton, M., 1997, “The Serendip IV Interference Rejection Giovanelli, R., Haynes, M.P, DaCosta, L.N., Freudling,
and Signal Detection System,” iAstronomical and Bio- W., Salzer, J.J. & Wegner, G., 1997, “The Tully-Fisher
chemical Origins and the Search for Life in the Universe  Relation and Ho,” ApJ, 477, L1.

eds. C.B. Cosmovici, S. Bowyer, D. Werthimer. Giovanelli, R., Haynes, M.P, Herter, T., Vogt, N., Wegner,

Corbelli, E. & Schneider, S.E., 1997, “A Warped Disk  G., Salzer, J.J., da Costa, L., & Freudling, W., 1997,
Model for M33 and the 21-cm Line Width in Spiral Gal- “The I-Band Tully-Fisher Relation for Cluster Galaxies:
axies,” ApJ, 479, 224. Data Presentation,” AJ, 113, 22.

Cordes, J.M. & Chernoff, D.F., 1996, “Neutron Star Popu- Giovanelli, R., Haynes, M.P, Herter, T., Vogt, N., da
lation Dynamics. I: Millisecond Pulsars,” ApJ, submitted.  Costa, L., Freudling, W., Salzer, J. & Wegner, G., 1997,
Cordes, J.M., Lazio, T.J.W. & Sagan, C., 1997, “Scintilla- “The I-Band Tully-Fisher Relation for Cluster Galaxies:

tion Induced Intermittency in SETI,” ApJ, submitted. a Template Relation, its Scatter and Bias Corrections,”
Cordes, J.M, & Lazio, T.J.W., 1997, “Finding Radio Pul- AJ, 113, 53.

sars in and Beyond the Galactic Center,” ApJ, 475, 557 Goldsmith, P.F, 1996, “The Clumpy Structure of Molecu-
da Costa, L.N., Freudling, W., Wegner, Gjovanelli, R., lar Clouds,” in Amazing Light, a Volume Dedicated to

Haynes, M.P.& Salzer, J.J., 1996, “The Mass Distribu- C.H. Townes on his 80th Birthdayed. R.Y. Chiao

tion in the Nearby Universe,” ApJ, 469, L5. (Springer-Verlay

Dale, D.A., Giovanelli, R., Haynes, M.P, Scodeggio, M., Goldsmith, P.F, 1996, “Some Radio Telescope Consider-
Hardy, E., & Campusano, L., 1997, “The Cluster Tully-  ations in Millimeter and Submilimeter Radio As-
Fisher Relation to 18000 km/s: |. Data for 7 Northern tronomy,” in Chemistry, Physics, and Observations of
Clusters,” AJ, in press. Molecules in SpageProc. of the 1996 INAOE Summer

Dell’Antonio, I.P., Bothun, G.D. & Geller, M.J., 1996, “Pe- School of Millimeter-Wave Astronomy(NAIC Rept.
culiar Velocities for Galaxies in the Great Wall |I. The  #385.

Data,” AJ, 112, 1759. Goldsmith, P.F, 1996, “Probing Molecular Clouds - Their

Dell’Antonio, I.P., Bothun, G.D. & Geller, M.J., 1996, “Pe- Density and Structure,” irChemistry, Physics, and Ob-
culiar Velocities for Galaxies in the Great Wall I. Analy-  servations of Molecules in Spaceroc. of the 1996 IN-

sis,” AJ, 112, 1780. AOE Summer School of Millimeter-Wave Astronomy
Duprie, K. & Schneider, S.E., 1996, “Neutral Hydrogen  (NAIC Rept. #386.

Around Early-Type Galaxies,” AJ, 112, 937. Goldsmith, P.F, 1996, “The Second Arecibo Upgrade,”
Ergma, E., Lundgren, S.C. &ordes, J.M,, 1997, “A Mil- IEEE Potentials.

lisecond Pulsar Progenitor to an Ultracompact Low-MasGrall, R.R., Coles, W.A., Spangler, S.R., Sakurai, T., &

X-Ray Binary,” ApJ, 475, L29. Harmon, J.K., 1997, “Observations of Field-aligned

Gangadhara, R.T. &ilouris, K.M. , 1997, “The Impact of Density Microstructure near the Sun,” JGR, 102, 263.
High Resolution on Pulsar Polarization: The Case of PSRGuzzo, L., Strauss, M.A., Fisher, K.BGiovanelli, R., &

B1133+16,” ApJ, submitted. Haynes, M.P, “Redshift-Space Distortions and the Real-
Giovanelli, R., 1997, “Peculiar Motions in the Universe,” Space Clustering Different Galaxy Types,” ApJ, submit-

in The Universe at High z, Large-Scale Structure and the ted.

CMB, eds. E. Martinez-Gonzalez, J.L. Sai®pringey. Hagen, J.B, 1996, Radio-Frequency Electronics, Circuits

Giovanelli, R., 1996, “Peculiar Motions and the Tully- and ApplicationgCambridge Univ. Pregs
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Hajian, A.R., Balick, B.,Terzian, Y. & Perinotto, M., 1997, ond Pulsar Timing at Effelsberg,” ifPulsars: Problems
“Fliers and Other Microstructures in Planetary Nebulae: and Progresseds. S. Johnston, M. Walker, M. Bailes
[l., ApJ, submitted. (ASP).

Hajian, A.R. Phillips, J.A. &Terzian, Y., 1996, “High-  Kramer, M., Xilouris, K.M., Jessner, A., Lorimer, D.,
resolution Observations of the CO Gas Surrounding the Wielebinski, R. & Lyne, A.G., 1997, “Origin of Pulsar

Core of CRL 618,” ApJ, 467, 341. Radio Emission. |. High Frequency Data,” A&A, in
Harmon, J.K., 1997, “A Radar Study of the Chryse Region,  press.

Mars,” JGR, 102, 4081. Kramer, M., Xilouris, K.M. , Lorimer, D.R., Doroshenko,
Harmon, J.K., 1997, “Mercury Radar Studies and Lunar  Q., Jessner, A., Wielebinski, R., Wolszczan, A. &

Comparisons,” Adv. Space. Res., 19, 1487. Camilo, F., 1997, “The Characteristics of Millisecond
Harmon, J.K., Ostro, S.J., Benner, LAMegtal, 1997, Pulsar Emission: . Spectra, Pulse Shapes and the Beam-

“Radar Detection of the Nucleus and Coma of Comet ing Fraction of Fast Rotating Pulsars,” A&A, in press.

Hyakutake(C/1996 B3,” Science, submitted. Kramer, M., Xilouris, K.M. , & Rickett, B., 1997, “Unex-
Haynes, M.P, 1996, “Practical Aspects of Redshift Sur-  pected Variations in Pulsar Flux -Densities at mm Wave-

veys,” in Dark Matter in the Universeeds. S. Bonom- lengths,” A&A, 321, 513.

etto, J. Primack, A. ProvenzaléOS Press Lazio, T.J.W. &Cordes, J.M, “Search Methods for Inter-
Haynes, M.P, Giovanelli, R., Herter, T., Vogt, N.P., Freu- stellar Scintillating Sources: Weak and Transition Scintil-

dling, Maia, M.A., Salzer, J.J., & Wegner, G., 1997, “21 lation Regimes,” ApJ, submitted.
cm Hi Line Spectra of Galaxies in Nearby Clusters,” A, | awis B.M.. 1997 “Mainline OH Observations of the

#13’ 1197. | A | Arecibo Set of OH/IR Stars,” ApJS, 478, 433,
Hoffman, G.L., Salpeter, E.E., Farhat, B., Roos, T.G., Wi “Lovelace, R.V.E., Jore, K.P. &aynes, M.P, 1997, “Two-

iams, H.L. & Helou, G., 1996, “Arecibo H_l M%pplng ofa Stream Instability of Counterrotating Galaxies,” ApJ,
Large Sample of Dwarf Irregular Galaxies,” ApJ, 466, 475. 83
597. McLaughlin, M.A., Mattox, J.R.Cordes, J.M, & Thomp-

Hogr:f;”'l_'GL'Lé az'lgiteé El'gs';’;‘?}:‘rzzi&'joﬁz' Tif"o\f’va'l”' son, D.J., 1996, “Variability of CGRO EGRET Gamma
e > ’ bping Ray Sources,” ApJ, 473, 763.

Large Sample of Dwarf Iregular Galaxies,” ApJS, 105, Mitchell, D.L., Ostro, S.J., Rosema, K.DCampbell, D.B,

269. ) S

Impey, C.D., Sprayberry, D., & Bothun, G.D., 1996, “Low Velez, R, Chandler, JF Shapiro, L.1., Q|org|n|, J.D., &
) o . » Yeomans, D.K., 1996, “Radar Observations of Asteroids
Surface Brightness Galaxies in the Local Universe. I., #
1 Ceres, 2 Pallas, and 4 Vesta,” Icarus, 124, 113.

ApJ, 466, 596. Moffett, D.A. & Hankins, T.H., 1996, “Multifrequency Ra
Impey, C.D., Sprayberry, D., Irwin, M.J. & Bothun, G.D., L T o ’

bey prayberry dio Observations of the Crab Pulsar,” ApJ, 468, 779.

1996, “Low Surface Brightness Galaxies in the Local N W1 &Terzi v p S Analvsi
Universe. Il. The Catalog,” ApJS, 105, 209. ewman, W.I. &Terzian, Y., “Power Spectrum Analysis

Junor, W., Mantovani, F., Peck, A., Saikia, D., & Salter, C., and Redshift Data” Ap&SS, in press, 1997.
1996, “Large Rotation Measures In CSS Sources,” in Nolan, M.C., Asphaug, E., Melosh, H.J., & Greenberg, R.,

Extragalactic Radio Sourcegd. R. Ekerst al. (IAU). 1996, “Impact Craters on Asteroids: Does Gravity or

Kildal, P.-S. & Davis, M.M., 1996, “Characterisation of  Strength Control Their Size?,” Icarus, 124, 359.
Near-field Focusing with Application to Low Altitude 'Nordgren, T.E., Chengalur, J.N., Salpeter, E.E.J&zian,

Beam Focusing of the Arecibo Tri-reflector System,” Y-» 1997, “Close Galaxy Pairs in Medium Galaxy Den-
IEEE Proc. Ant. Prop., 143, 284. sity Regions: The Northern Sky,” AJ, in press.

Koo, B.-C., 1997, “HI 21 Centimeter Absorption Line Study OMi, L., Cesaroni, R., & Walmsley, M., 1996, “CH3CN
of the W51 Complex,” ApJS, 108, 489. Towards G10.470.03 and G31.410.31,” A&A, 307,

Koo, B.-C. & Moon, D-S., 1997, “Interaction Between the 599- _
W51C Supernova Remnant and a Molecular Cloud: 1. HIOIMI, L., 1997, “A Survey of OH Excited States Towards

21-CM Line Observations,” ApJ, 475, 194. Star Forming Regions and Late-Type Stars with the Up-
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