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The following is an RAO Report~the 6th!, covering the
interval 1990-1998.

1. FOREWORD
The Rothney Astrophysical Observatory is the princip

astrophysical teaching and research facility of the Dep
ment of Physics and Astronomy of the University of Ca
gary. This report briefly summarizes activities since 19
the date of our last BAAS report.

2. PERSONNEL
The RAO continued to be directed by T.A. Clark~Prof.

Emeritus since Jan., 1995! and E. F. Milone~Prof.! of the
Department of Physics & Astronomy of the University
Calgary, who are answerable to the Head of that departm
currently Prof. J. S. Murphree.

The RAO has one full-time technician, F.M. Babott, su
ported by the department, and one part-time Resident
tronomer, P. Langill, supported partially by the departm
and partially by astronomy or astrophysics NSERC gr
holders with the department. Management of the Astrono
Data Reduction Laboratory has been undertaken suc
sively by Ken Lai, Glen Young, and~currently! Maurice
Shevalier.

The astronomy-astrophysics professorial staff~and their
areas of expertise! include: T.A. Clark~Prof. emeritus, solar
physics, IR astronomy!; D.J.I. Fry ~Assoc. Prof.; optics, IR
astronomy!; D. Hobill ~Assoc. Prof., black hole physics, ge
eral relativity!; S. Kwok ~Prof., planetary nebulae, space a
tronomy!; P. Langill ~Sessional Instructor, planetary nebula
optical astronomy!; D.A. Leahy ~Prof., x-ray astronomy,
space astronomy!; E.F. Milone ~Prof., variable stars, optica
& IR astronomy!; S.R. Sreenivasan~Prof., stellar evolution,
theoretical astrophysics!; A.R. Taylor ~Prof., radio as-
tronomy!; D. Venkatesan~Prof., x-ray astronomy, space sc
ence; deceased 1996!; W.J.F. Wilson~Senior Instructor, pul-
sating stars, theoretical astrophysics!. Adjunct members of
the department with an interest in astrophysics have
cluded: A. Yau~Assoc. Prof., space science!; P. Dewdney
~Asst. Prof., radio astronomy!, G. Garbe~Asst. Prof., space
science!, J. E. Penfold~Mt. Royal Coll., Calgary; extragal-
ctic astronomy!, & K. Volk ~Asst. Prof., astrophysics!. The
department has a strong Space Sciences group which i
acts with individuals in the astrophysics group.

Leahy held a Reinhardt fellowship at CITA, Toront
Sept.-Dec. 1994, and spent his Jan-Jun 1995 sabbatica
iting for approximately 1 month periods: Max-Planck Instit
für Extraterrestrische Physik in Garching, Germany; Dom
ion Radio Astrophysical Observatory, Penticton; Domini
Astrophysical Observatory, Victoria; and Naval Resea
Laboratory, Washington, D.C.

Milone spent his 1992-93 sabbatical year visiting for 2
month intervals: San Diego State University & UCS
Canada-France-Hawaii Telescope headquarters, Waimea
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Dominion Astrophysical Observatory, Victoria; and Ru
Universität Bochum, Germany, where he held a DAAD fe
lowship.

2.1 Research Associates

Research fellows over this interval have included: A.
Ananth, D. Gabuzda, S. Gibson, Dirk Terrell, K. Volk, C.-Y
Zhang. Ms. Gabuzda has accepted a position at the Stern
Institute in Moscow. Dr. Terrell returned to Gainesville
late 1995.

2.2 Graduate Students

Graduate students who made use of the RAO facilit
over this interval include: Mircea Athanasiu, Josephi
Chan, Sean Dougherty, Kerry Kijewski, Li Lan, P.S. L
Brenda Matthews, Michael J. Mazur~Geology!, Jason R.
McVean, Magdalen Normandeau, Jing Ouyang, Lisa Sh
bolt, Kate Su, James van Leeuwen, Virginia~Fabro! Volk,
Bradley Wallace, Stephanie Wilder, & Guojin Zhang.

2.3 Undergraduates

Undergraduates who have made formal use of the R
facilities over this interval include: David Alton, Livia Bade
Jennifer Brand, Flora Chan, Jennifer Cunningham, Jam
Day, Tyrone Deane, Kyle Degenhardt, Byron Desnoye
Winmill, Kerri Dubray, Ingrid Eichelbaum, Danielle Frase
Graeme Fricke, Luigi Gallo, Steven Griffiths, Leah Hann
Clinton Harwood, Bruce Holman, Justin Jayne, Bar
Johnson, Kenneth King, Andrew Kirsch, Hans Kneppe
Jean Lagace, Alice Liesman-Thaon, Nerissa Link, Thom
MacFarlane, Michael Mazur, Megan McClure, Pet
Medhurst, David Paul, Lynn Raaflaub, Perry Radau, Da
Ross, Eric Scott, Wendy Segelken, Jeremy Shaw, Wa
Shaw, Kelvin Soice, Liam Stitt, Benjamin Sugars, Lan
Titchkosky, Brenda Toblan, Marcelle Tremblay, David Tr
fimenkoff ~SFU!, Nicole Trenholm, Michal Urednicek, Na
talie Veldhoen, Simon Warrington, Travis Whyte, Stev
Weimer, Stephanie Wilder, Michael Williams, & Helge Zie
gler.

3. VISITORS
Visitors to the department have included: J. Anosova~St.

Petersburg, 1995!; D. Bradstreet~St. David’s College, PA,
1991!; B. Hrivnak ~Valparaiso U, IN, yearly!; J. Kallrath
~Bonn & BASF, yearly!; M. Mateo ~U Michigan, 1995!;
R.H. Nelson ~New Caledonia College, BC, yearly!; S.J.
Schiller ~South Dakota SU, 1997, 1998!; A.T. Young ~San
Diego SU, 1991, 1995, 1998!.

4. FACILITIES
The RAO is located in the foothills of the Canadian Roc

ies on a quarter section of land donated by A. R. Cross
Calgary. The plant consists of three buildings: a classroom
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dome with attached control and chart room for the 41-
telescope, and a large building with 13-m dome housing
1.8-m telescope, control and chart rooms, workshop, a c
ference room, bedrooms, archiving room, 2-story paylo
workshop area, a large storage bay, and a Baker-Nunn C
era mounted in a small dome at the west end of the struct
The archiving room currently houses a seismic detector
the Geology & Geophysics Department.

The RAO’s 1.8-m Angel honeycomb mirror was return
to the RAO in 1993 following its successful polishing b
Norman Cole of Tucson, and its use at the Apache P
Observatory under a contract arrangement between the
versity of Calgary and the Astrophysics Research Con
tium. Following the successful installation of a suppo
mechanism for the 1.8-m mirror, the final phase of the 1.8
telescope project was completed under T.A. Clark, Pro
Manager, in January 1996,

The RAO’s instrumentation consists of the Rapid Alte
nate Detection System – a gated pulse-counting photoe
tric chopping system, which has permitted photometry
what would be traditionally non-photometric conditions,
Astro-Computer Control CCD camera with a Kodak ch
and a Photometrics CCD camera with a Site 10242 chip,
infrared detectors mounted in Infrared Labs dewars, a c
sification spectrograph designed by Harvey Richardson.
infrared camera with a 2562 InSb detector array and an in
frared spectrograph are under construction. Further de
are provided at the RAO’s website: http:
www.acs.ucalgary.ca/;milone/rao.html

Access to the facility is determined by a Telescope Al
cation Committee, meeting six time a year. Applicati
forms are available through the website.

5. RAO SUPPORT GROUP
The RAOSG is an outgrowth of the RAO Users’ Grou

which formally met twice a year. The RAOSG began to m
monthly in Fall, 1995. In 1997, it was recognized as an
ficial group within the University of Calgary, and received
Group Grant in 1997-98 to promote the RAO, to support
Open House program, and to fund the 25th anniversary
ebration and this report.

Reports on the status of the RAO by the co-directors,
technician, and the RA provide details about the facility
the user and wider communities at each of the meetings,
the meetings provide feedback to the co-directors.

The RAO sponsors an active Volunteer Observers p
gram. Active amateur astronomers and interested un
graduates receive training on the instruments and in turn
vide several nights of observing support for the act
research programs at the RAO. In 1998, the V.P.~Research!
and Faculty of Science Dean provided travel funding for
volunteers. In addition to the graduate students and un
graduates listed above, volunteers also include alum
alumni and active amateurs. Faithful non-university obse
ers in recent years include Gary Billings, Tom Camer
Jean Lagace, and Zach Linkewich.

The Open House program receives the active suppor
the undergraduate astrophysics majors, the Physics &
tronomy Students Association, the Dept. of Physics & A
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tronomy, and the amateur community. Speakers at the O
House events have included T.A. Clark, Alan Dyer~Calgary
Science Centre!, D.J.I. Fry, Grant Gussie, Phillip Langill
Sidney Lee~RASC!, Alfredo Louro, Ian Lovett, E.F. Milone,
A.R. Taylor, & Kevin Volk.

The Planetarium Liaison Committee works with perso
nel at the Calgary Science Centre to produce demonstrat
for the University of Calgary’s astronomy and astrophys
courses. Meetings are held three or four times of year.

6. CONFERENCES HELD AT THE UNIVERSITY OF
CALGARY

•‘‘Astronomical Infrared Spectroscopy’’, June 16-19,
1992, organizer, S. Kwok.

•‘‘The Origins, Evolution, and Destinies of Binary Sta
in Clusters’’, June 19-23, 1995, organizer, E.F. Milone.

•‘‘Black Holes’’ June 5-7, 1997, organizer, D. Hobill.
•‘‘The 25th Anniversary Celebration of the Rothney A

trophysical Observatory ’’, June 7, 1997, organizers, T.A
Clark & E.F. Milone. The keynote speech was given by
M. Burbidge, 25 years and 5 months after she forma
opened the RAO in 1972. For details, see: http
www.acs.ucalgary.ca/;milone/RAO25/index.html

•‘‘Science with the Square Kilometre Array’’, July 19-22,
1998, organizer, A.R. Taylor.

In addition, Milone organized a 2-session meeting
‘‘New Generation Modeling Developments and Results
Binary Stars’’ at the 190th meeting of the AAS in Winsto
Salem, NC, on June 10, 1997. For details, see: htt
www.acs.ucalgary.ca/;milone/AAS97/index.html

7. SCIENTIFIC ACCOMPLISHMENTS
The work at the RAO is principally in support of th

astrophysics teaching program of the University of Calga
but also allows research by staff members and others thro
a formal application procedure. Mainly, the RAO is used
photometry of variable stars.

In Fall, 1998, the 0.41-m telescope was dedicated to
teroid projects, under the direction of M J. Mazur of th
Geology & Geophysics Dept. and carried out by volunte
and by students in the Solar System Physics class. The w
in this area aimed at measuring positions, improving e
emerides, and in obtaining light curves when feasible.

Much of the astrophysical work in the department a
involves outside observatories and agencies.

7.1 Binary Stars

Milone and colleagues continued to work on improv
light curve modeling programs and models. The projects c
ried out in this interval include:

a… Eclipsing Binaries in Open Clusters
•The H235 system in NGC 752 is likely to have be

gradually hardened through a long series of weak encoun
despite the relatively sparse nature of this intermediate-
cluster; therefore it is likely that collisions play a role
hastening the merger process in many, especially richer c
ters ~cf. Milone, et al., 1995!;

•NGC 6791, which is among the oldest and yet rich
open clusters of the galaxy~Friel, Annual Rev. A&A, 33,
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381, 1991!, has been targeted since 1993. Our mu
passband photometry of this cluster is important for mod
ing the radiative properties of the eclipsing binary comp
nents; the images have been processed by summer assi
and the data are being reduced by Ms. L. Shadbolt for
MSc thesis;

•On SS Lac in NGC 7209, Milone, S. J. Schiller, & U
Munari ~Asiago! have completed an extensive analysis
this dynamically interacting, former eclipsing system and
termined its ’eclipse season’: 1885-1937, during which
inclination varied between 82° and 90°.

b… Eclipsing Binaries in Globular Clusters
•BVRI images of the variables in NGC 5466~from tele-

scopes at DAO, Mt. Wilson, & Mt. Laguna!, many of which
are blue stragglers, have been reduced to improve the qu
of the modeling of these systems. Kallrath, Milone, & Sta
~1992!, analyzed light curves of the three eclipsing binar
obtained by Mateoet al., AJ, 100, 469, 1900! and found that
the components of all systems appear to be themselves
stragglers;

•The eclipsing binaries in M71 were treated by J. McVe
in his MSc thesis, and included solar and non-solar com
sition models; we extended the work to get optimum m
ratios ~McVean, et al., 1997! for each system. The system
M71-V4 has been observed spectroscopically by Mateo
Yan and Milone is now analyzing the combined photome
& RV data, the first such analysis of a system near the m
sequence turn-off of a globular cluster.

c… Field Binaries
•TY Boo was the first eclipsing binary treated wi

WD83K83 to have spot parameters determined on the b
of synthetic light curve trials, along with all other light curv
modeled parameters~Milone, et al., 1990!;

•AI Phe continues to be analysed whenever light cu
code and modeling improvements are made. Stagg & Mil
~1993!, and Milone, Stagg, & Kurucz~1992! are examples of
the continuing advances made in understanding this bes
termined of all evolved systems;

•V728 Her, an overcontact system with little evidence
instability, contrary to expectations for a system with t
very large compact parameter~0.71! found for this convec-
tive atmosphere case, the best determined solution~Nelson,
et al., 1995!.

7.2 Field and Cluster Pulsating Variables

The study of regular pulsating variables has always b
valuable in determining distances to clusters in which th
are found. Milone, Wilson, Fry, and collaborators have a
plied a modified Baade-Wesselink technique to UBVRIJH
and radial velocity data of dwarf cepheids or delta Scuti s
in order to obtain improved radii, or radii with more pre
cisely determined uncertainties. The program has been
tended to cepheids. The systems we have been studyin
clude:

•EH Lib, DY Her, and DY Peg, resulting in minimum
radii of 2.626 0.19R( for EH Lib, 2.776 0.20R( for DY
Her, and 2.096 0.25R( for DY Peg~an SX Phe star!. This
series of papers has been dedicated to Harlan J. Smith,
first identified ‘‘dwarf cepheids’’ as a distinct class;
-
l-
-
ants
er

f
-
e

lity

s

lue

n
o-
s

&
c
in

sis

e
e

e-

f

n
y
-

rs

x-
in-

ho

•V369 Sct, which has been observed and is being an
sed by Mrs. Virginia Volk for her MSc thesis;

•SU Cas, one of the shortest period classical cepheids,
thus important for the PLRs. We find it likely to be pulsatin
in the overtone mode, with a mean radius of 31.962.5R( .
The derived distance (4456 35 pcs! agrees with that from
Hipparcos. We are dedicating this paper to A.J. Wesselin

7.3 Infrared Photometry

In 1993, Sean Dougherty completed a PhD thesis un
Taylor’s direction on infrared variability of Be stars, usin
data from the RAO.

Milone initiated, organized, and chaired a joint meeting
IAU Commissions 25 and 9 in Baltimore in 1988 on th
causes of limited infrared precision~Milone 1989!. The 1988
meeting provided a consensus that the major cause of the
limitation in standardization precision was the strong m
match between the atmospheric windows and existing p
bands, which were not optimized to avoid water vapour
sorption and which produces non-linear extinction~the
Forbes effect!. This led to the creation of an IAU Working
Group. to redesign the passbands to be less dependen
atmospheric absorption. Young, Milone & Stagg~1994!
summarizes the need, method, underlying theory, and s
tion. The final designs minimize the Forbes effect, have
cellent transformation properties, which should be ma
tained from one fabrication run to another. Custom Scient
~Tucson! produced the iz, ij, ih, ik, il, and il’ filters and are
willing to make the rest. In the interval 1995-8, Young a
Milone upgraded the study with a better telluric atmosph
model~MODTRAN 3.7! and have investigated the emissio
in the thermal passbands (> K). They are currently prepar
ing a paper on the improved S/N expected from these filt
and on the expected extinction curves for all the filters. O
servational trials will be completed once our IR array, no
under construction, is available at the RAO.

7.4 Light Curve Analysis Code Improvements

Milone has collaborated with J. Kallrath~Bonn & BASF!,
Dirk Terrell ~U.Fla.!, and Andrew T. Young~San Diego SU!
to improve further the Wilson-Devinney synthetic light curv
code that is intrinsically suited to modeling the radiati
properties of stars,~Milone 1993; 1997!. A further upgrade
to our WD code,WD93K93D @which uses R.E. Wilson’s
1993 upgraded program features, namely non-linear lim
darkening and better reflection treatment, and Kurucz 1
atmospheres grids~cf. Kurucz in Milone 1993, pp. 93-101!#,
additionally now outputs 3-D plot data~residuals vs. phase
vs. WL!, giving the spectrum of the residuals, and thus
vealing the nature of any light curve perturbations.

In July, 1995 a workshop was held at the University
Calgary which resulted in still further improvements, inclu
ing:

•Kurucz’ atmospheres fluxes in the atmospheres sub
tine ~Stagg & Milone 1993!;

•a new convergence engine using damped least squ
~Kallrath, et al., 1998!;

•a packaged front-end providing a choice of light cur
modeling code; and
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•automatic iteration, with a parameter constraints file
preclude exploration of non-physical regions of parame
space.

WD95 is the most powerful light curve analysis tool w
have developed thus far; a WD98 version, making use
1998 improvements by Wilson to his basic program, is c
rently undergoing testing.

7.5 Radio Astronomy

Taylor heads the Galactic Plane Survey being carried
at the Dominion Radio Astrophysical Observatory in Pen
ton, B.C.

7.6 Space Astronomy

Kwok continued his involvement with the Odin Mission
Leahy’s involvement in space satellite missions consis

of: a! Preparations for scheduling of observations of x-r
sources with the X-ray timing experiment USA on the A
GOS satellite; b! Science planning for the ultraviolet tele
scope on the Russian Spektrum-X-Gamma satellite; an!
Performing a concept study for a Canadian x-ray astrono
satellite, using silicon strip detectors and coded mask.

7.7 X-Ray Astronomy

Leahy carried out studies of supernova remnants us
X-ray imaging data and spectral data of the hot shocked
and using radio observations of synchrotron radiation. S
studies are important to obtain information on the physics
the explosions, shock acceleration of relativistic particl
and the effects on the interstellar medium. Current proje
in this area include:

•Analysis of ROSAT x-ray observations of the Cygn
Loop supernova remnant;

•DRAO 408 and 1420 MHz continuum and 1420 MHz H
line maps of the Cygnus Loop, IC443, and of superno
remnants in the Galactic Plane Survey;

•Analysis of Kitt Peak Schmidt telescope observations
supernova remnants.

Leahy is also studying X-ray binary systems. These c
sist of a normal type star in orbit with a neutron star, whi
is an intense source of X-rays, powered by the gravitatio
energy released by infalling matter. Current x-ray bina
projects include:

•XTE and ASCA observations of the x-ray binarie
HerX-1, LMC X-4 and LSI161 303: analysis of spectra
pulse shapes, and orbital/long-cycle phase dependence;

•Observations of Her X-1 by the EUVE satellite;
•Monte Carlo calculations of X-ray radiation transfer th

matter near a neutron star;
•Calculations of pulse shape reprocessing in circumste

matter, including propagation delays;
•Theoretical model of pulse shape formation in x-ray

nary pulsars;
•Optical spectroscopic of x-ray binaries for the purpose

orbit determination;
•Theoretical calculation of second order bremsstrahlu

transition rates in strong magnetic fields;
•Analysis of ROSAT x-ray observations of Her X-1.
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In addition, Leahy analyzed and modelled ROSAT x-r
observations of the cluster of galaxies 3C129, Kitt Pe
Schmidt telescope observations of HII regions, combin
with radio and infrared observations; acquired and mode
JCMT CO line observations of the HII region Sh219; a
observed and modelled symbiotic stars.
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