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This report covers the period from 1998 April 1 through 2. INVOLVEMENT IN  THE  SCIENTIFIC
1999 March 31, while the publications are for the calendalCOMMUNITY

year 1998. Dougherty, Higgs and Tapping are members of the Radio
Astronomy Committee of the Canadian Astronomical Soci-
ety (CASCA). Tapping represents Canadian astronomy in
matters related to the management of the radio-frequency
spectrum. He is a member of the Canadian delegation to the
International Telecommunications UnigiTU), and partici-
1. PERSONNEL pates in ITU Working Group 70Radio Astronomy. He is
The professional staff of the Observatory comprises T.Lthe Co-ordinator of Task Group 1/5 carrying out a band-by-
Landecker(Director), P.E. DewdneyDeputy Directof, T.A.  band study of the allocations to radio astronomy and he is
Burgess, B. Carlson, A.D. Gray, L.A. Higgs, A.P. Hoffmann, involved with a Monte Carlo interference study of the allo-
G.J. Hovey, L.B.G. Knee, B.D. Parchomchuk, K.F. Tapping,cation between 406.1 and 410 MHz. Tapping is also the

B.G. Veidt, B.J. Wallace and A.G. Willis. ~ Chairman for Canada of Commissiorn(Radio Astronomy
Wallace and Knee are Research Associates working 0Bf the International Radio Science UniédRSI) and is par-
the Canadian Galactic Plane Surv&GPS. ticipating in the URSI Working Group on Proxy Measures of

Gray moved from Research Associate to the position ofolar Activity.

Operations Manager, responsible for the DRAO telescopes, Dewdney is on the Science Councils of both the VSOP
in April 1998. and the RadioAstron Space VLBI projects and is a member
S.M. Dougherty(Research Associate, U. Calgatyans-  of the Working Group on Global VLBI of URSI Commis-
ferred from the CGPS in April 1998 to become manager Ofsjon J. He is also a member of the scientific organizing com-

the Space VLBI Correlator(supported by the Canadian mittee of Division 40(Radio Astronomy of the IAU.
Space Agency Also working on the project are W.T. Petra-  Higgs is a member of the Large Telescope Working
chenko(Natural Resources Canada, Ottaweho has been  Group which was established by URSI Commission J, and of
seconded to HIA, D. Del Rizzo and K. Dougléd. Calgar-  a Working Group on Astronomy from the Moon established
y)(since September 1998Carlson, who directed the engi- by |AU Commission 44. Willis serves on the Scientific and
neering development of the Correlation Centre, moved fronTechnical Advisory Group for AIP$ +.
this project in April 1998 and joined the HIA staff to work | andecker is an Adjunct Professor at the University of
on Future Radio Telescope Initiatives. Alberta (Electrical Engineering Dewdney is an Adjunct

R. Kothes joined DRAO in October 1998 as NSERC Vis- professor at the University of Calgary and Purton is an Ad-
iting Fellow, moving from MPI in Bonn. C. Brunt, formerly junct Professor at the University of Victoria. Landecker
at U. of Massachusetts in Amherst, arrived in February 1998ame to the end of a six-year term as member of the Board of
to take up the position of Research Associate with U. ofGovernors of Okanagan University College in July 1998.
Calgary; he is working at DRAO on the Canadian Ga'aCtiCHovey is a member of the B.C. Science Coum@'kanagah
Plane Survey. Landecker is a member of the Okanagan High-Technology

During the year M. Davies moved to an engineering po-Council.
sition in industry(May 1998 and A. Ebbers transferred to  Dewdney, Landecker and Higgs served on the Scientific
the Instrumentation Group at HIA, VictoridDecember  Qrganizing Committee of the Workshop “New Perspectives
1998. on the Interstellar Medium” held in August 199Bandecker

W. Dent and J. LightfoofRoyal Observatory, Edinburgh  as co-chair. Higgs chaired the Local Organizing Committee

have been at DRAO for lengthy periods contributing to thefor this Workshop, for which HIA was the host institution.
JCMT Correlator development.

J.A. Galt, J.D. Lacey, C.R. Purton and R.S. Roger are
continuing as Guest Workers. 3. TELESCOPES

Dewdney, based at DRAO, is the Coordinator of Future DRAO is operated by the HIA as a National Facility for
Radio Telescope Initiatives for the Herzberg Institute of As-Canadian radio astronomy. Two radio telescopes, the Syn-
trophysics. Carlson and Veidt carry out engineering researcthesis Telescope and the 26-m Telescope, are availabla
in this area. The activities of this program are reported undelimited basi$ to external users. The Solar Flux Monitoring
the Office of the Director General. Program provides data to a worldwide community of users as

L. Belostotski and A.C. Thorsley are graduate students ira scientific service. A newsletter concerning new develop-
Electrical Engineering at U. Alberta. They are both carryingments of DRAO telescopes and software is published at six-
out research work towards M.Sc. degrees at DRAO. month intervals; it is available on request. Information about
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DRAO, including the newsletter, is available on the World- A detailed comparison was made between the spectra ob-
Wide Web at http://www.drao.nrc.ca. served with the 26-m Telescope and the data from the
Leiden-Dwingeloo Surveywhich is more sensitive but is
sampled only at full-beamwidth intervals order to assess
the significance of stray-radiation corrections. Software was

The DRAO Synthesis Telescope has both continuunfieveloped to correct for stray radiation; this correction re-
(1420 MHz and 408 MHgand spectral linéH 1) capability. quires (_jetailed knowledge_ of the antenna ragiation proper-
Its combination of antenna siZ® m) and baseling600 m  ties. Us!ng antenna analysis softvy@eae Numerl_cal Electro-
gives it a wide field of view(2deg and 8deg) and good Magnetic Code — NECand empirical modelling of feed-
angular resolutior{1.0' and 3.8) at the respective frequen- strut scattering angl other effects, a model an'tenna pattern
cies and makes it well suited for studies of the interstella®@s calculated. This has been used to make first-order cor-
medium in our Galaxy and in nearby external galaxies. mrectlon_s for stray raQ|at|0n, ar!d the_ resulting corrected data
particular it is a unique instrument for the study of the inter-&'€ being used for incorporation with CGPS data from the
stellar Hi with arcminute resolution while retaining good SYynthesis Telescope. A program of actual antenna measure-
sensitivity to extended structure. Channel widths from 0.1 tgnents and more refined calculations to improve the knowl-
3 km/s are available from 256-channel spectrometers to sufidge of antenna sidelobes is in progress.

Galactic and extragalactic observations; the seven antennas

provide complete baseline coverage from 13 to 600 m. In4. COMPUTER SYSTEMS

formation on broad structures, corresponding to baselines The current computing power at the Observatory consists
shorter than 13 m, is derived from observations with theof four 200-MHz dual-processor Sun Ultra clones, along
DRAO 26-m TelescopgH 1 line) or from other single- with a number of IBM RS/6000 workstationgwo model
antenna observations. 320Hs, two model 520s, two model 550s and one K&t

Currently, the Synthesis Telescope is devoted almost er8Gl Indigo 2 and numerous X-terminals and PCs. All the
tirely to the acquisition of data for the Canadian Galacticcomputers at the Observatory are connected by a local area
Plane SurveyCGPS. This is a project involving researchers network.
from Canadian universities and several international partners The latest addition to the systeifMarch 1999 is a
which has been funded for the five-year period, 1995 - 2000Beowulf-class computer, a networked assembly of sixteen

Although 90% of the observing time on the Synthesiscomputers running under Linux. The individual machines are
Telescope is currently devoted to the CGPS, a few observat50-MHz Pentium Il PCs. This dedicated parallel-processing
tions for external users are scheduled each semester; in tkeapercomputer will be used for prototyping the data-
three years since the start of the Survey, 25 such observaeduction system for the ACSIS Correlator for the JCMT
tions have been completed, inluding two sessions of solafcurrently being developed at DRAQOto improve data re-
imaging in mid-summer. Proposals for external observationgluction for the Canadian Galactic Plane Survey, and for the
with the DRAO Synthesis Telescope should be addressed wevelopment of data-processing algorithms for future tele-
Gray (e-mail Andrew.Gray@hia.nrc.;aproposal deadlines scopes such as the Square-Kilometre Array. The Beowulf
are October 15 and April 15. A data reductioaokbookis ~ system will also be used by the Canadian Astronomy Data
available. Centre(CADC), a group within HIA at Victoria, for devel-
opment of their Data Mining project of archival astronomy.

Higgs has continued to support the export package of ap-
plication software, adding new programs as they become

The DRAO 26-m Telescope is equipped with receivers’€eded. This software package is supported for IBM RS/
covering 1350 to 1750 MHz and 6.6 GHz. All receivers have®000 machines running AlX, Sun machines running Solaris
two polarizations, connected to a digital spectrometer. Th@" Sun O/S, SGI machines running IRIX, and, most recently,
main areas of application of the L-band receiver areaid ~ PCS running Linux. He has also developed a suite of pro-

OH spectroscopy. Recombination line observations are alsgrams to calibrate spectra collected by the 26-m Telescope
possible. Pointing accuracy is 1’ rms. The 6.6-GHz re- and to produce low-spatial-frequency data to be combined

ceiver has been built for the maser line of methanol. At 6.6Vith H1 observations made by the Synthesis Telescope, as

GHz the beamwidth is 7/%and the aperture efficiency of the Part of the CGPS.

antenna is- 16%. The 26-m Telescope is also routinely used

to obtain Hi data that complement Synthesis Telescope dat®- IMAGE PROCESSING

by providing low-spatial-frequency information. Proposals Willis continues to investigate methods to improve the

for use of the telescope should be addressed to the Directguality of images produced by the Synthesis Telescope.

of the Observatorye-mail Tom.Landecker@hia.nrc)ca Since most fields currently being observed by this telescope
During 1997, the 26-m Telescope was used by Higgs antle along the northern Galactic plane, and the telescope has a

Tapping to observe some 250001 Hpectra at 12intervals  very wide field of view, effects of one of the strong sources

over the sky area being covered by the CGPS. These spect@as A or Cyg A are usually detected in every field. If the

after correction for “stray radiation” are being used to pro- Synthesis Telescope field centre is within 5deg to 10deg an-

vide short-spacing data for thelHmages observed with the gular distance from one of these sources, extremely high-

Synthesis Telescope. dynamic-range images must be produced in order to image

3.1 The Synthesis Telescope

3.2 The 26-m Telescope
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scientifically interesting structure in the field. Since neitherthe sampler. The project passed its Preliminary Design Re-
Cas A or Cyg A are well resolved by the Synthesis Tele-view in April 1998. Willis joined the project in May 1998,
scope, Fourier inversion o€LEAN components does not concentrating on the development of data processing soft-
produce sufficiently accurate model-visibility functions for ware. He has developed a prototype reduction system, based
comparison with those observed. A better method involve®n AIPS++ and has tested it on the Beowulf computer.
the Fourier transformation of higher-resolution images takerLightfoot (UKATC) is also developing software, and is
by other telescopes. In order to model bandwidth andadapting AIPS-+ routines to existing calibration techniques
integration-time effects with maximum accuracy, a slowin use on the JCMT. YeungHIA, Victoria) is working on
Fourier transform procedure must be used. However, this isontrol software for the IF system, and Ford&C) is de-
very time-consuming. In order to compute model visibilities signing IF filters and components.
in a reasonable amount of time, Willis has developed a A large amount of documentation on the design concepts
parallel-processing system which will run on the Beowulfand implementation were produced in preparation for the
computer. preliminary design review in April, 1998. Further informa-
In a paper inAstronomy and Astrophysics Supplemgntstion can be found on the World-Wide Web at http://
Willis (1999 has described many image processing routinesvww.drao.nrc.ca, under “JCMT Correlator.”
developed particularly for the DRAO Synthesis Telescope.

These methods will have many applications in Wide—field7_ THE CANADIAN GALACTIC PLANE SURVEY

imaging with aperture synthesis telescopes. . . .
' . . : : . The Canadian Galactic Plane Survey, or CGPS, is a
Higgs, working with GibsonU. Calgary is developin . i L ! '
99 g " gary pIng project of a Consortium of scientists from Canada and other

algorithms for the identification of H self-absorption fea- X . : : :
tures in the CGPS data. Wallace has developed algorithm%oum”es aimed at increasing the understanding of the many
components of the Interstellar Mediu&M) and their in-

designed t h the CGPS datasets f IO and
esignec 1o search the alasets for Sma an teraction. The project is led by TayldiJ. Calgary. The

infrared features associated with various kinds of objects .
Consortium now numbers 54, of whom 11 are graduate stu-

such as dissociating stars. dent 49 t-doctoral h
Willis, Tapping, Gray and Kothes are developing routines ents and = are post-doctoral researcners. -
The scales of ISM processes range from the point-like

for removing solar emission from Synthesis Telescope data. . . f f tars to Gal ide oh
As the Sun advances towards its peak activity, it is becomin(lgf”e;:1 ion of elnzrgy .trom S arsTo " a:jaxyk;w ep enomeTrz]a_
a significant source of emission, especially at 408 MHz uch as spiral density waves. 10 study pnenomena over this

where the sidelobe level of the antennas is relatively high. yast range of scales the consortium is creating a database of

the present approach, solar magnetograms are used as in@r minute-resolution images of the main constituents of the

to a routine which calculates a model radio image of the Sun. °§,’er a large oarea. The su:vey_reglon Is 75° | .

This model is used as input to a visibility-fitting technique =< 145% and — 357 < b < +55°. I.t images the atomic

regularly used in prcessing images from the Synthesis Telec_om_ponent of the ISM_th_ro_ugh the H line ath21 cm, and

scope. the ionized anq relatn_nshc componenttrough 403 and
1420 MHz continuum imagésThe 1420 MHz polarimeter

is opening a new window on the ISM through studies of the

6. AIPS++ magneto-ionic component.

The Herzberg Institute of Astrophysics is a partner in the Consortium partners are providing data on the molecular
AIPS++ project, the developmertted by the U.S. National component ¥°CO data from Five Colleges Radio Astronomy
Radio Astronomy Observatorof a new image-processing Observatory - FCRAQ the dust componenHiRes repro-
system for radio astronomy. Willis has done beta testing ofessed IRAS data from IPAC at 60 and 10@nd from the
the initial release of this package and continues to serve offanadian Institute for Theoretical Astrophysics - CITA - at
the AIPSt++ Scientific and Technical Advisory Committee. 12 and 2%), as well as other radio continuum datis1
MHz - Cambridge U.; 232 and 327 MHz - Beijing Astro-
nomical Observatopy

Since the start of the project in 1995, CGPS Consortium

Detailed design work is proceeding on the Auto- researchers have made significant discoveries which change
Correlation Spectrometer Imaging Systé¢ACSIS) for the  our view of the ISM. The observations have captured in ac-
JCMT. ACSIS will provide the processing for spectroscopytion the flow of material and energy from the disk of the
with focal-plane arrays. Contributions to the project are alsdGalaxy to the Halo, through the imaging of large-scale H
coming from the JCMT Group in Victoria, the UK As- features extending to high latitudes. Polarimetry with the
tronomy Technology Centre and the Joint Astronomy CentrddRAO Synthesis Telescope at 1420 MHz has proved ca-
in Hawaii. This instrument will handle data coming from as pable of detecting ionized material at extremely low densi-
many as 32 beams on the sky at the rate of 20 spectra pées, and of determining the strength of magnetic fields,
second per beam. The maximum data rate is 10 Mb/sec. AGwhich are significant in the ISM but have always been diffi-
SIS includes a processing system for combining fast teleeult to measure. Stellar winds clearly play a significant role
scope scans into spectral-line images. The project is headéd shaping the ISM, and the CGPS has revealed details of
by Dewdney. Hovey is the project engineer, while the projecthis coupling. However, the structure evident in Bnd CO
scientist is Den{fUKATC). Burgess is designing the digital images cannot always be related to specific shaping influ-
hardware *“core” of the correlator, and Casorso is designingences, and consortium researchers have also laid the ground-

6.1 Correlator for JCMT Focal-Plane Arrays
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work for statistical studies of the turbulent morphology of about 14 hours per working day. Data tapes arrive from the

the ISM. Hi in self-absorption is very evident in CGPS im- network of twelve ground radio telescopes and five tracking

ages, and consortium researchers have discovered a strosigtions around the world that are equipped with S2 record-
correlation of velocities at which self-absorption features ardéng systems and regularly contribute observations. After cor-

found with velocities predicted by the theory of the Galacticrelation, these data are transferred to the Space VLBI Labo-
spiral shock, suggesting that shock compression is leading t@atory at U. Calgary where they are calibrated and images are
the formation of molecular gas, the first stage of star formaformed. Typically, about ten observations are correlated each
tion. The large proportion of unexpected discoveries, thenonth. Some observations involve as many as eight stations
large angulartand physical scales over which phenomena — a challenge for the six-station Canadian correlator. Since
occur, and the sheer number of interesting objects along thée VSOP mission began observing in 1997, the Canadian
plane have strongly vindicated the decision to approach ISMorrelation Centre has handled a total of 153 experiments;
studies in the survey mode. 126 have been released to the principal investigators, 12

Observations began in April 1995, with a planned dura-haye been abandoned, and the remaining 15 are in various
tion of five years. By April 1999 141 out of 190 fields had stages of correlation.

been observed at DRAO, 74% of the Survey region. Observ- Fu”_production mode has been attained through an in-

ing and data reduction techniques are now well-establishegrease in the reliability, and the addition of extra staff. Dur-
and observing efficiency is very high. In calendar 1998jng the Summer of 1998, a major effort was made to fix a
nearly 47 fields were observed with the Synthesis Telescopgumbper of time-consuming problems with the correlator.

the highest number ever. o . Time lost to correlator problems amounted to less than 24
Processing of these survey data is being carried out g{gyrs in the last year.

DRAO and U. Calgary, with individual fielddeg across at  Ajmost all the data correlated at DRAO are from the
1420 MH2 being carefully calibrated and registered beforey,gop Space-VLBI mission, the majority from the VSOP
being combined into larger “mosaics(5deg square which  gyrvey of the cores of radio-bright AGN, a project in which
are then_ released to the Consortium. Datg editing and redug-gnadian astronomers are playing a leading role. A number
tion routines have been automated to a high degree, and thg \/SOPp general observing time experiments are also sent to
focus of the Consortium has moved to data analysis anfhraQ to take advantage of several unique features of the
interpretation. Seven mosaics have now been distributegsgnadian SVLBI correlator namely the ability to “fast-
with two more very close to distribution. ~__ dump” correlation coefficients up to a rate of 1 kHz, useful
Data reduction at DRAO and at U. Calgary and scientific,, pulsar studies, and the spectral-resolution “zoom” mode

analysis in Canadian universities is being supported by @5t can resample spectral line data from a resolution of 15.6
grant from the Natural Sciences and Engineering Researgf},, by a factor up to 32 times, giving a resolution of 488

Council. The survey data will uItimat_er be made ava_ilabIeHZ_ The zoom mode is especially appealing for spectral line
to the worldwide astronomy cpmmunlty - after a proprietary s ervations with VSOP since the on-board receivers have a
period — through the Canadian Astronomical Data Centrewide bandwidth of 16 MHz.

operated by HIA in Victoria. Enquiries about the CGPS The VSOP mission has been producing data from the
should be addressed to Taylor (e-mail
russ@grizzly.ras.ucalgary,ca or  Landecker (e-mail
Tom.Landecker@bhia.nrc.ca

An important part of CGPS Consortium scientific activity
in 1998 was the Workshop “New Perspectives on the Inter
stellar Medium” held at Naramata, B.C., in August 1998.
The Workshop brought together researchers working o
large-scale surveys at all wavelengths, including the CGPS,
with those interested in theoretical understanding of the IS 998 December 10, HALCA was successfully restored to

) : ull-working order, and following a full system check out,
as a whole. The proceedings of the workshop, edited by Tay; .
lor (U. Calgary, Landecker, and Joncéisaval), will be pub- the normal observing schedule restarted on 1999 January 6.

lished in 1999 as Volume 168 in the Conference Series of the The interruption to the normal observing allowed the cor-
. X e relator group to tackle a number of test programs on out-
Astronomical Society of the Pacific.

Planning has begun for a second phase of the CGPS, 0tandlng VSOP mission problems. Del Rizzo carried out a

cover the period 2000 to 2005. A proposal is being devel- - 9¢ number of correlation tests for a tgam at the Ja[_)anese
. ) Institute for Space and Astronautical Science attempting to

oped to investigate new problems, based on the understand- S .
) . . i ; . understand a timing-delay problem in some HALCA data
ing of the ISM gained during the first phase. Disk-halo in- . . )

. . Y .. that has been apparent since the start of operations in 1997.
teractions, further investigation of = the magneto-loncheI Rizzo was recently cited by the mission for his signifi
medium through polarimetry, and star formation are likely to y y 9

cant contribution to resolving this problem.
ntral them f the next phase. . .
be central themes of the next phase In addition to Space VLBI experiments, the S2 correlator

at DRAO is designed to support frequency-switched geodesy
8. SPACE VLBI experiments. The Geodetic Survey Divisi®SD) of Natu-
The Canadian Space-VLBI Correlation Centre at DRAOral Resources Canad®dRCan is testing the S2-geodesy
has been in full-production mode for the past year, operatingystem using the 46-m antenna at Algonquin Park, Ontario

spacecraft HALCA and ground-based radio telescopes on a
daily basis for the past two years. However, the mission has
not been without some tense moments. In particular,
HALCA ran into difficulties in August 1998 when the space-
‘craft stopped transmitting its status, due to a problem with
the on-board Data Handling Unit. In October 1998, HALCA
as re-booted but failed again in November. Finally, on
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and the Canadian Transportable VLBI anteni@TlVA), an effort to develop techniques that will permit successful
presently located at DRAO. The initial shake-down observaradio astronomy observations in an interference-
tions have been successfully completed, and the first geodespntaminated spectral environment.

observations are scheduled for July 1999. These observations

are part of a program to establish accurate positions at overgg. THE 2800-MHZ SOLAR FLUX MONITORING

dozen fiducial stations across Canada. These VLBI positioneROGRAM

will r_epresent the highest level of accuracy in th.e. Canadian The Solar Flux Monitoring Program, now in its 54th year,
Spatial Reference System, the basis for all precision surveysoniines to provide accurate measurements of the emission

ing in Canada. from the whole Sun at 10.7 cm wavelength. This flux is a
key indicator of solar activity and finds many applications in
diverse fields, including solar physics, solar-terrestrial rela-

9. FREQUENCY PROTECTION tions, space weather, atmospheric drag predictions for satel-

The ongoing problems with interference from the GLO-lites in low-earth orbit, and radio communications, among
NASS navigation satellites herald a situation which will be-others. Itis incorporated into two indices used for modelling
come far worse over the coming decade. The rapidly growthe upper atmosphere, the International Reference lono-
ing number of new satellite-based communication,SPhere(IR1) and the Mass-Spectrometer-Incoherent-Scatter
broadcasting and other services, using “constellations” ot MSIS) Index.
tens or hundreds of satellites will, if improperly managed The operation of the two identical flux monitors at DRAO
and regulated, make ground-based radio astronomy difficuif largely automated, from data acquisition through to data
or impossible. distribution. The distribution of data in monthly, mailed re-

As Canada’s provider of observing facilities for radio as-Ports will continue for at least one more year, but users are
tronomers, the National Research CouribiRC) is playing being encouraged to access the data via FAX, e-mail or from
an expanding role in preserving and protecting frequencyh€ DRAO web site.
space for radio astronomy. DRAO is the centre of NRC's Queries regarding the Solar Flux Program should be ad-
effort to protect radio astronomy. dressed to Tappin(e-mail Ken.Tapping@hia.nrc.xa

There are two main facets to this effort. Firstly, NRC
works with Canadian frequency managers and with thell. RESEARCH ACTIVITIES
world radio astronomical community to contribute to the .

. 7 . 11.1 Interstellar Medium
regulatory and planning process. This involves attending na-
tional and international meetings, and coordination with the Knee and Wallace have been searching the data from the
national community of radio astronomers. Secondly, theCGPS to probe the relationship between star formation in
community must explore technical methods for increasingmolecular clouds and the atomic component of these regions.
the immunity of current and future radio telescope systems tdhey have catalogued a large number of filamentary,
man-made interference and removing the effects of interferstreamer- or cone-like Hstructures which in many cases
ence from the data. appear to be associated with star-forming molecular clouds.

Tapping has been recognized by the Canadian Astronomin some cases, the velocity shift between the molecular gas
cal Society as the representative for Canadian astronomy iand the streaming His astonishingly large, many tens of
matters concerning the radio spectrum. He is currently parkilometres per second. These may be examples of regions
ticipating in two major efforts, a band-by-band review of the forming intermediate mass stars with substantial stellar
maximum levels of interference that other services are alwinds; the stars are not massive enough to photoionize mo-
lowed to radiate into bands allocated to radio astronomy, antbcular gas, but instead photodissociate and accelerate it in
a plan for band allocations for radio astronomy between 7the form of very elongated structures. The formation of
and 275 GHz. The first item results largely from pressurestreamer-type H structures in star forming regions may
from the satellite communications industry, while the seconchave consequences for the observed filamentary structure of
reflects growing commercial interests in higher frequenciesthe general H interstellar medium.

Tapping continues to participate in meetings of ITU Study The best studied as yet of suchi Hows is a multiple
Group 7 and Task Group 1/5. streamer or cone emanating from a hitherto unknown star-

Galt has built a monitoring receiver for signals from the forming molecular cloud in the Perseus Arm some 2.2 kpc
IRIDIUM system of communication satellites. These satel-distant. Several hundred solar masses ofdre moving at a
lites transmit in the range 1616.0 to 1626.5 MHz, very closefew kilometres per second in enormous 50 pc long streamers
to the band 1610.6 to 1613.8 MHz where radio astronomyrom a compacia few pg elongated molecular cloud con-
has a primary shared allocation. This radio-astronomy banthining about 100 solar masses. Remarkably, the probable
includes one of the satellite lines of OH and has been usedriving star of this flow, a luminous B-type star, has been
extensively for measurements of emission from OH-IR starsdentified. A combination of photodissociation and wind en-
and other objects. The monitor uses a horn antenna andteinment of gas appears in quantitative terms to be capable
sensitive receiver, and has wide sky coverage. The prograwof creating the observed flow over a time of order ten million
monitors the level of IRIDIUM transmissions and their useyears, comparable to the star-forming lifetimes of typical
of the band, and aims to determine the temporal and spectraiolecular clouds. The Hstreamers thus appear to be re-
characteristics of these signals. This work is an initial step irmarkably long-lived.
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11.2 Polarization of Galactic Emission light on the evolutionary status of the objects and also on

. . . how the high level of outflow activity in the cloud “feeds
CGPS images of the radio emission at 1420 MHz show 3ack” to m?)dify the star-formation aZtivity

profusion of polarized features which have no counterpart in Purton and Matthews(JCMT Group are analysing

total intensity. These features arise when smoothly distribyyo 5 Synthesis Telescope iHiata for the star-forming re-

gted b?ctkgroynd G.ala'ctlc;jsync(:jhrotrct)r? emdlssdlot? suffers Fatr,g:jion NGC 7129. Tentative results suggest the presence of a
\ay rotation in an ionized medium threaded by a magnet ompact photo-dissociation region, and an expanding H
field. The interferometer is not sensitive to the broad, smoot hell

total intensity of the emission, but the fine structure in the Knee, as part of a large consortium of HIA and other

ionization, and particularly in the magnetic field, creates ﬁneCanadian astronomers, has embarked on a large program of

structure to which the cross-polarized channels of the |nte_erMT SCUBA submillimetre and molecular spectral line

;eromgter rr(]aspond. Thehc_)bﬁle:rvatéons are val,l,J?_tr)]Ie forl the Ir}"napping of extended regions of nearby star formation re-
ormation they give on this "Faraday screen. € polarim- gions such as Taurug, Ophiuchi, and Orion. The advent of

eter has very high s?n5|t|V|ty to ionized g&ermssmn SCUBA allows for the first time systematic and unbiassed
measure as low as 1 cr?pc), and the 'data can yield valu- mapping of the dust distribution inside molecular star form-
able megsurements of thg magpe'uc field strength. ing regions; this along with complementary spectral line

The first papers ar_lalyzmg this phenomenon in _the _CGP aps are expected to provide a wealth of new information on
data were published in the Ias_t year. I_n a publicatioNay o structure, dynamics, and star formation activity in mo-
tre (Gray et al. 1998, a peculiar polarization-angle feature lecular clouds. One highlight of this programme is the dis-

{/sVdSe;cnbed.; " 'STr?.bO.Ut. theg '? lee and ctommdes V‘;]'th thPcovery of intriguing filamentary and arc-like dust structures
Il region. ThiS IS interpreted as an inter-arm enhancey, the p Ophiuchi cloud, as well as a previously undetected

ment of electrc_)n density, although its origin 1 unknown. If[sfar-infrared point source, probably a very young protostellar
presence provides a challenge for theories of the ISM, whic bject

do not_ Cl:rr:eeryt prehdlc.t f(ﬁtures of th|st tylptle.g én atﬁecon Knee and collaborators have been investigating the physi-
paper in the Astrophysical Journgray et al. 9 other cal properties of low-mass pre-protostellar molecular cores

polarization structures in the W 3/W 4/W 5/HB 3 complex using observations from the ISO satellite. The main aim of

are analyzed. Depolarization arises from the very high rotag, programme is to find evidence for protostellar activity

tion measures and rotation-measure gradients in therdd o0, collapse from far-infrared 00 and 20Qum) imaging
glons themselves.. An egtended low-density |on|z.ed.haloof Bok globules using the ISOPHOT imaging array. These
around the Hi regian W 4 |SQetected, and a magnetic field observations have for the first time detected and resolved
of 201G is measured at the inner t_)ound_ary ad W 4 halo. very cold dust emission from a number of globules. The

Gray has also been collaborating with Peracaplast- coldest dusttraced by 200um emission correlates much
dog), Brown (Ph.D. studentand Taylor(all three from U.

: . . . more closely with optical obscuration and is much more spa-
Calgary on issues related to the reduction and mterpretatloqia”y peaked than the 10am emission. This suggests that
of CGPS polarization data. They have mapped the instr

tal polarizati the field of the Svnthesis T Iut'he 200 um emission is a much better probe of the mass
mental polarization across ne field ot the SYNtnesis T€€;qiintion of cold globules than the 10@m emission

scope, and have used this information to correct images. MQihich suffers from confusion along the line of sight.
saiced polarization images many degrees in extent, with

grcmlnute resoluuon, have been_ prgpared. Faraday rotattloill_4 Non-thermal emission in WR stars

images, using data from the four individual continuum bands

of the telescope, are also being generated. Brown is working Dougherty has continued work on non-thermal radio
on Faraday-rotation effects in thermal filaments. Brown ancemission from Wolf-Rayet systems in collaboration with
Taylor (U. Calgary and Dewdney are using Faraday rotation Williams (Royal Observatory, EdinburghA high percent-

of small-diameter sources seen through the Galactic plane ge of the WR stars exhibiting non-thermal emission are in
derive information on the orientation of the Galactic mag-binary systems, where the emission is thought to arise in a
netic field; very few studies have been made at the extremelwind-collision zone where the stellar winds of the WR star

low latitudes being considered in this work. and a massive companion interact.
In collaboration with de BruyriNFRA), van der Hucht
11.3 Star Formation (SRON Utrecht and Setia-GunawafGroningen, VLBI ob-

servations have been obtained to probe the structure of the

Knee and SandellNRAO) are making large-scale maps non-thermal emission region in WR 146. Also in WR 146,
of the submillimetre dust continuum emission in the NGCthe stellar winds of both the WR star and the OB companion
1333 star-formation region using SCUBA on the JCMT. Athave been detected at 22 GHz with the VLA. The parameters
present they have obtained By 14 maps in the 85Qsm  of the two winds can now be deduced independently of dis-
and 450um bands. In addition to revealing the outflow- tance, a very uncertain parameter.
driven multiple-cavity structure of the cloud, several new With ChapmanATNF), Moffat (Montrea), and Leitherer
submillimetre protostellar objects have been discovered. ThESTSC) AT observations of the short period WE€®8.5
youngest stellar objects in the cloud show a distinct tendenciinary WR11 reveal that non-thermal electrons from deep
to cluster. Comparison between the properties of the submilwithin the stellar wind envelope may be escaping to large
limetre sources and their molecular outflows should shedadii along the contact discontinuity between the two stellar
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winds. High temporal resolution observations with the AT of some historical SNRs. DA530 joins a small group of
throughout the orbit have been obtained to pursue this posSNRs at high galactic latitudes with unusual features.
sibility.

11.7 Low-Frequency Galactic Radio Emission

11.5 He] stars Roger and Landecker, together with Swerdlyk, have
Dougherty, in conjunction with ClarkSussex, Waters ~Prought to completion a project of long standing, the map-
and FendetAmsterdan), has made radio observations of the Ping of the Galactic radio emission using the 22-MHz tele-
cluster Wd1 in Ara which reveal a very bright, extendedSCOP€ which operated at DRAO in the 1960s and 70s. C.H.
radio nebula around the[# star Ara C. It is suggested that Costain, who died in 1989, was centrally involved in this
this emission arises in a stellar wind from thgeBstar and a Wor_k. The images cover all right ascensions between decli-
relatively young detached shell. High sensitivity observa-nations — 28° and+ 80°, about 73% of the sky. The reso-
tions of the Wd1 cluster reveal a number of non-thermalution of the telescope is 1.1X 1.7° secarizenith anglg
radio sources associated with super and hyper-giants in thE"€ maps show the large-scale features of the emission from

cluster. These are unexpected and apparently unique. the Galaxy, including the thick non-thermal disk, the North
Polar Spur and absorption due to discrete Hgions and to

an extended band of thermal electrons within 40° of the Ga-
lactic centre. Comparison with data at 408 MHz shows that
The Cygnus Loop is a relatively nearby supernova remthe brightness-temperature spectral index of most of the Ga-
nant with structure thought to be determined by the details ofactic emission lies between 2.40 and 2.55. A region along
the interstellar cavity into which the remnant is expanding.the outer rim of the North Polar Spur shows a slightly higher
Leahy (U. Calgary and Roger are examining theiltmis-  spectral index than its surroundings. The mean synchrotron
sion in three mosaiced fields observed with the DRAO Synemissivity at 22 MHz deduced from the measured emission
thesis Telescope to search for evidence of interactions of thewards seven extended opaquell Hegions is ~ 1.5
SNR shock with the surrounding neutral gas. Comparisons ok 10~ *Wm™3Hz 1sr%; this is slightly higher than values
X-ray, far-infrared, and radio continuum emission with theobtained in previous estimates.
H 1 indicate a number of features with evidence of cavity
wall interactions. Estimates of the atomic gas density decret1.8 Perseus Arm Superbubble
ment in various parts of the cavity interior have also been
made. Similar studies are planned for the SNR IC 443 usin
observations already completed.
Wallace, Landecker, Taylor and Kalberld. Bonn), us-
ing the DRAO Synthesis Telescope and the Effelsberg£

h(;%—rTara_?;‘% tzlfefslcs %2?’ h daz;/tz Stuﬁ';? g;e::o;r;géhe‘lgéab the Survey. The quantities of atomic and molecular gas in the
uta. 9 , Wh N 9 9 shell are about 3¢ 1P and 16 solar masses respectively.

area, indicate that the Crab Nebula lies in a low-density re- : . ; i
gion of the ISM, while the higher-resolution DRAO data There is evidence of many young stellar objects in the shell

. . 4 . . : from infrared data. The formation of the supershell may have
Sé?\ﬁ;v no evidence of which might be interacting with the led in turn to the formation of molecular gas and then to the

Landecker, Routledge(U. Alberta, Reynolds and formatior_1 of new stars_. _The _struct_ure of thel dhell is ir_-
. . regular, implying that it is being disrupted by stellar winds
Borkowski (N. Carolina State U, Smegal(SETI Inst) and . . .
and supernovae arising from new, massive stars formed at its
Seward (Center for Astrophy$. have observed the SNR periphery
DA530 using both the DRAO Synthesis Telescope and RO- '
SAT. Thg radio appearance of the remnant su.ggfests.thls IS8 9 Solar Research
very ordinary SNR. However, the X-ray emission is ex-
tremely weak, and only non-equilibrium shock models can Solar research at DRAO, conducted by Tapping, is fo-
give an interpretation of the observed X-ray emission that isussed on the nature and origins of the slowly varying com-
consistent with reasonable parameters for the supernova egenent of solar activity. The research has two facets: models
plosion. The H observations show that the remnant liesfor the sources and emission processes, and making long-
within a shell of atomic gas, probably a bubble formed byterm observations of the distribution of emission over the
stellar winds, and the X-ray models suggest an extremelgolar disk. Collaborators include Burk@icDonald Dett-
low ambient density, consistent with this interpretation. Theweiler, Vancouvex, Harvey(NSO), and Zwaar(U. Utrech).
estimated distance is 3.5 kpc. The extremely low density haé key component of this work is the ability of the DRAO
led to the weak X-ray emission, and has also resulted in slovBynthesis Telescope to provide full-disk images of the Sun
evolution, so that the remnant, although it is about 5000with arcminute resolution.
years old, is only now entering the adiabatic phase of its Since 1992, images have been obtained at every solstice
evolution. Compared to SN1006, which has a similar size(except 199Y. The sources at 21-cm wavelength can be ac-
radio brightness and morphology, the ratio of radio to X-raycounted for in terms of free-free thermal emission from
flux is 100 times higher, and the efficiency of generation oftrapped plasma in loops overlying the plage bodies of active
radio synchrotron emissiotabout 0.4% is higher than that regions. The brightest sources occur in the regions which

11.6 Supernova Remnants

Wallace, Dewdney and Landecker have discovered a su-
%erbubble in the Perseus Arm of the Galaxy, using the CGPS
data. It is about 5° 8° in size(physical size 200x 300

©). The shell which defines the boundary of the superbubble
an be seen very clearly in H*?CO and infrared data from



8

have the most complex magnetic structure, at the point in ton, C., Roger, R., Tapping, K., Wallace, B., and Willis,

their evolution where they are reaching maximum size. This T.) 1998, The Canadian Galactic Plane Survey, Publ. As-

suggests that the plasma traps decay and require dynamismtron. Soc. Australia, 15, 56

to sustain or replace them. The mapping program will beGalt, J. 1998, OH Observations of Comet Hale-Bopp at

continued until at least the next solar maximum. 1.667 GHz and Maser Amplification of a Background
The demonstrated relationship between solar activity and Source by the Comet, AJ, 115, 1200

terrestrial phenomena such as global warming underlines th@ray, A.D., Landecker, T.L., Dewdney, P.E., and Taylor,

importance of considering the Sun in addressing environ- A.R. 1998, A Large-scale Interstellar Faraday-Rotation

mental questions. One project at DRAO is aimed at examin- Feature of Unknown Origin, Nature, 393, 660

ing the relationship between solar activity, as indicated byHirabayashi, Het al. (including B.R. Carlson and P.E. Dew-

the 10.7-cm flux index and short-term variations in the Sun’s dney 1998, Overview and Initial Results of the Very

energy output. Long Baseline Interferometry Space Observatory Pro-
gramme, Science, 281, 1825

Leahy, D.A., and Roger, R.S. 1998, Radio Spectral Index

12. GRADUATE ST_UDENTS . Variations in the Cygnus Loop, ApJ, 505, 784
Thorsley is working on extending the holography efforts Lyder, D.A., Belton, D.S., and Gower, A.C. 1998, The Dis-

pioneered by summer and co-op students working with Gray covery of a New Outflow Object — AFGL 490-iki, AJ
over the past three years. A major limitation of previous 115 gao T

efforts was that celestial sources are too weak to adequatemack’ K.-H., Klein, U., O'Dea, C.P., Willis, A.G., and Sari-
probe the outer portions of the patterns of the Synthesis Tele- palli, L., 1998, Spectral Indices, Particle Ages, and the
scope antennas in a reasonable time, so Thorsley has built a Ambient Medium of Giant Radio Galaxies. A&A. 329
transmitter to operate from local hill-tops, devising observ-  ,5; ’ ’ '
ing strategies to make the necessary observations at low %IacLeod, G.C.. Scalise, E.. Saedt, S., Jr., Galt, J.A., and

evation in the near-field of the array, and implementing it- Gaylard, M.J. 1998, Masers in Star-Forming Regions As-
erative methods for reconstructing the far-field pattern from sociated, Wi.th. the érightest Steep-Spectrum IRAS Point
incomplete near-field measurements. Sources. AJ 116. 1897

Belos;ogskl’s pr%_(lact 'St reI:ted t;()Athte ILO syste|r_1|‘| or: theMacLeod, G.C., van der Walt, D.J., North, A., Gaylard, M.J.,
proposed Square Kilometre ArrdKA) telescope. He has Galt, J.A., and Moriarty-Schieven, G.H. 1998, 6.7 GHz

dgagr;r?d a dlstzatnce—T(;zssuremen;[ tshyste|]:r|1 V\;h'Ch v(;/|ltlhdetgr- Methanol Masers Associated with IRAS-Selected
mine the separation of the apex of the reflector and the air- Sources, ApJ, 116, 2936

borne focus package to high precision. The system S'munaﬂ\'/latthews, B,C.. Wallace, B.J., and Taylor, AR., 1998,

neo.usly su.pplles the signals from which the poherent loca G55.0+0.3: A Highly Evolved Supernova Remnant, ApJ,
oscillator signals for the telescope can be derived. 493. 312

U Del R.t'ZZOhWhOh'S _enrolled N tZebM.Sc.Bpr(:glra_m it :j(o_rk Pedlar, A., Fernandez, B., Hamilton, N.G., Redman, M.P.,
NIVETSIty WHEre Ne 1S SUPETVISed by V. Bartel, 1S Studying - ang Dewdney, P.E. 1998, Free-free Absorption in the

pulsar emission using VLBI observations. Seyfert Nucleus of NGC4151, MNRAS, 300, 1071

Parch(_)mch.uk Is pursuing her M.Sc. degree through th%/eidt, B.G. 1998, Selecting 3-D Electromagnetic Software,
Open UniversityLondon. The focus of her course work has Microwave Journal. 41 126

been computer—human qommunicatipn, and she has erT\]/Y/endker, H.J., Molthagen, K., Heske, A., Higgs, L.A., and
barked upon a thesis project developing a user interface for Landecker, T.L., 1998, Infrared Properties of a Large
data from the Canadian Galactic Plane Survey when it be- Ring Arour,1d t'hé’ LBY é79 29.0.46, Ap&SS, 255, 187

comes public through the CADC. Wietfeldt, R., Van Straten, W., Del Rizzo, D., Bartel, N.,
Cannon, W., and Novikov, A. 1998, The S2 Baseband
PUBLICATIONS Processing System for Phase-Coherent Pulsar Applica-

12.1 Journal Publications, calendar year 1998 tions, A&AS, 131, 549

Bieging, J.H., Knee, L.B.G., Latter, W.B., and Olofsson, H.  12.2 Conference Proceedings, calendar year 1998
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DDO 154, ApJ, 506, 125 Conf. Series, 132, 214
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S.M., Koornneef, J., Steele, |.A., and van Blokland, A.,ties and Data
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Duncan, A.R., Haynes, R.F., Reich, W., Reich, P., and Gray, 242
A.D. 1998, A Kiloparsec-Scale Polarized Plume Associ-Giacani, E.B., Dubner, G., Cappa, C., and Testori, J. 1998,
ated with the Galactic Centre, MNRAS, 299, 942 The Structure of Atomic Gas Around the Supernova Rem-
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Galt, J.,Gray, A., Higgs, L., Knee, L., Landecker, T., Pur-Godbout, S., Joncas, G., and Drissen, L. 1998, A Kinemati-
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