
~. 

Sununer solstice 1979 No. 2'3 

' J .. ····· c . -. 

. -, 

~ ~ 
1t"I0 ... z 

• 

~. 

ociety/ 

" 

i 

\ .. , 
'ft, ' ", 

.''' . •. ... , 
C{ 

W f 
Cl.. 
0 
U) 
U) 
c:{ 
u 

• 

"--_________ .....IIW1l&ll.lll.lll1Ol.iIII C.. : ', 
....... "i (l ~ 

~. 
"""'" ('\ 

.... ' I 



Cassiopeia 
No. 23 Summer Solstice Issue 1979 

CANADIAN ASTRONOMICAL SOCIETY 

SOCIETE CANADIENNE D'ASTRONOMIE 

Editor: Doug Hube, University of Alberta 

For several reasons your editor is a happy man. 

Firstly, after a brief illness and sojourn in hospital 
he has been restored to near-normal health and is able to 
assemble this issue of CASsiopeia only two weeks behind 
schedule. He can also look forward, once again, to the 
IAU General Assembly in Montreal. 

Secondly, the contributors to this issue have been most 
generous. Not only have they provided material of high 
quality,but they have provided it in large quantity. 

Thirdly, the real editor of CASsiopeia is coming home. 
Followinq a sabbatical year in Australia and New Zealand 
(see pages 22-26), Colin Scarfe will be returning to 
Canada in July. 

The deadline for the Autumnal Equinox issue is September 
15, and contributions may be sent either to Colin at the 
University of Victoria, or to me 
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I society news I 
Report on the Tenth Meeting of the Canadian Astronomical Society at the 
University of British Columbia. 

About 70 members and guests registered for the Tenth Meeting of the 
Canadian Astronomical Society. The end of May in Vancouver provided a 
climate that was most conducive to enjoyment of almost anything and 
especially an astronomical meeting. 

The Annual General Meeting considered a number of motions. 

NSERC Grants 

A major topic of discussion, as at the 1978 meeting in Saskatoon, 
was the problem of eligibility for NSERC grants of astronomers who, 
because they do not hold faculty positions at a university or because 
their salary is wholly or partially funded by an NSERC grant, are 
ineligible for any NSERC grants. The discussion centres on a proposal 
that was agreed to in principle at the 1978 meeting. The proposal, 
with minor modifications from previous forms reads as follows: 

Re-worded NSERC Grant Motion 

Whereas - the objective of grants-in-aid of research is to allow 
competent scientists to pursue their researches; 

Whereas - some competent research scientists in Canadian institutions 
are currently ineligible to compete for such grants, be it 
due to the nature of their appointment, or the source 
of their remuneration; 

Whereas - this situation is contrary to the best interests of scien
tific research in Canada and, especially to the research 
performance of a number of young Canadian scientists; 

IT IS RECOMMENDED THAT: 

granting agencies accept as eligible to compete for grants
in-aid of research any individual who 

i has demonstrated his research capability, e.g., through the 
earning of a Ph.D. degree, or equivalent, in his discipline; 

ii would be associated with a recognized institution for a 
period of at least one year after receipt of the award; 

iii is submitting a grant application approved by his institution, 
who would then administer the funds received. 

Such an individual would be eligible even if part or all of his 
salary were paid from research funds. 
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However - grants-in-aid of research obtained by an individual whose 
salary is paid in whole or in part from research funds may 
not be used to pay the salary of persons who would be 
eligible to apply for research grants under the terms of 
the present recommendations. 

John MacLeod, as chairman of the CASCA Committee considering this 
problem, rep orted the responses to a letter sent to eleven professional 
societies whose members receive NSERC grants. The letter asked the 
societies for an opinion on the above motion. Six responses had been 
received. Most of those expressed the personal opinions of the presidents 
of the societies since there had not been enough time to present the 
proposals to their councils. 

The Canadian Mathematical Society responded that they had discussed 
this issue previously. They suggested that universities should provide non
paying faculty appointments (say, Adjunct Professor or the like) which 
would provide non-faculty researchers with a title and university associa
tion making them eligible for NSERC grants. However, this does not provide 
a solution for astronomers who derive part or all of their salary from 
NSERC funds. 

The Canadian Association of Physicists had already discussed this 
problem and had outlined a formal policy. They are opposed to the motion 
because they feel that it would create a pool of physicists (in their case) 
hanging on to unive rsities when they should be moving out into society. 

John MacLeod then suggested the following possible modifications to the 
CASCA proposal. 

( i) 

(ii) 

( iii) 

Ask for a system similar to Medical Research Council Fellow
ships (and old NRC postdocs) where a fellowship would be 
awarded for at least two years (and possibly 3). The salary 
would be paid directly b y NSERC, say $15K, 16K, 17K. Ask for 
about 10 of these to start. 

Ask universities to consider appointing such people as 
"adjunct professors" in order to permit them to apply for 
NSERC operating grants. 

Permit such people to apply for NSERC operating grants: 

(a) with an upper limit of " X" dollars, or, 

(b) with no upper l i mit specified. 

(iv) Applicant would have to be at least three y ears beyond his 
Ph.D. to become eligible. 

Item 1 differs from ordinary post doctoral fellowships in that applica
tion may be made at times other than immediately after receipt of Ph.D. 

The NSERC committee and Council of CASCA hope that members of the 
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society will discuss this proposal in future issues of Cassiopeia. 

Radio Astronomy Committee 

Norm Broton, chairman of the CASCA committee on Radi o Astronomy 
presented a report on a proposal for a very long baseline radio inter
ferometer array. A detaile d proposal will be sent to al l me mbers of 
the society in the near future . The array wh ich initially would have 
six radio telescopes spaced across Canada would provide an outstanding 
observing facility. 

A proposal to resurface the Algonquin Radio Observatory's 46m 
telescope was also presented. The committee is sending a questionnaire 
to users and potential users of the telescope asking for an indication 
of the research projects that would be undertaken if the telescope were 
resurfaced. 

Emp loymen t 

The following motion moved by Serge Pineault and seconded by Harvey 
Richer was passed at the meeting. 

"The Canadian Astronomical Society depl ores the practice of some 
Canadian Universities of offering teaching positions with appointments 
of less than one year." 

This motion arose because of the number of universities that are 
hiring staff only for the duration of the teaching year. It was felt 
that this was unfair to any individual with respect to the preparat ion 
time for the courses that were to be taught and, a l so, with respect to 
time needed to do a little bit of research. 

Future Meetings 

The next Meeting of the Canadian Astronomical Society will be h e l d 
at St. Mary's University, Halifax, Nova Scotia at the end of June 1980. 

Final Note 

Gordon Walker, with the help of Bill McCutcheon, arranged and 
delivered a most enjoyable meeting. It was very informal and wel l 
planned. Thanks to both. 
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I REPORTS OF MEETINGS I 
Summary of ACA and CNC/IAU Meetings 

The Sixteenth Meeting of the Associate Committee on Astronomy, 

and the Meeting of the Canadian National Committee for the IAU took place 

at the Herzberg Institute of Astrophysics in Ottawa on January 26, 1979. 

After the undersigned had filled out the appropriate forms in triplicate, 

the workmen with ;ackhammers who were demolishing the ladies' washroom 

just outside the meeting room were persuaded to divert their efforts to 

the men's facility at the remote end of the hallway, and the meetings 

were called to order by the Chairman, Ian Halliday. The atmosphere of 

the meetings was rather heated - not because the agenda was filled with 

particularly contentious issues - but because NRC's heating facility was 

on the fritz that day, and both the room temperature and humidity were 

uncomfortably high. 

Following custom, the IAU business was dealt with first. The 

question of an appropriate category of adherence for Canada in the IAU 

was discussed again briefly. Ian Halliday reported that a letter had 

been received from the Secretary of NRC's Committee on International 

Scientific and Technological Affiliations (CISTA) to the effect that the 

present level of financial support for the IAU would be maintained at least 

until after the Montreal General Assembly. 

Considerable time was given over to matters in connection with 

the XVII th General Assembly. John Galt presented the report of his 

Subcommittee recommending new IAU members and invited participants for 

the G.A. Following some discussion of the report, a total of 25 people 

were accepted as prospective new members and 13 as invited participants. 

The Committee then approved Ian Halliday as the Canadian national 

representative for the G.A., Jeremy Tatum and F.D.A. Hartwick as the 

representatives on the Finance and Nominating Committees, respectively. 

Alan Batten reported on behalf of the National Organizing . Committee for 

the G.A. By the time you read this the registration fee for Montreal 

will be $60.00, having gone UP from $50.00 on May 15 . NRC has provided 
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an additional grant in support of the G.A:, bringing its total cash 

grant to $82,500. This, along with a 'Province of nuebec grant of $34,000 

plus some smaller donations, puts the short term financing on a sound 

footing; the long term financial circumstances will depend on the number 

of participants. Dr. Batten indicated that the IAU executive members 

had expressed their disappointement that Canada had not been able to 

provide more grants for travel assistance. He estimated that the French 

National Assembly had provided in excess of 80 such grants for travel to 

Grenoble. Any grants received from Canadian industry will be explicitly 

acknowledged in the Programme of the G.A. So, if your uncle (or aunt) 

is President of Acme Aerospace Industries (or the equivalent), I'm sure 

Alan would be appreciative of any lobbying you might undertake in this 

regard. 

Another matter dealt with was a proposal to replace NRC by the 

Royal Society of Canada as the Canadian adhering body for the IAU. There 

was a strong recommendation that no such change ' should be made because 

the present system is efficient and serves the interests of Canadian astronomy 

well. 

1vith the IAU business completed the Committee turned its 

attention to ACA matters. Ian Halliday reported that , he had attended the 

opening ceremony of l'Observatoire astronomique du Quebec at mont Megantic, 

and had been impressed by the new facility. Jack Locke offered an interesting 

summary of the visit of a Saudi Arabian delegation to Canadian observatories, 

astronomical institutions and industries. The purpose of the visit was 

to demonstrate Canadian expertise and competence in astronomy in support 

of representations made to Saudi Arabia aimed at securing contracts for 

the planning, management and construction of their new National Observatory. 

The visitors seemed much impressed with what they learned and it was Dr. 

Locke's assessment that the level of Canadian participation in the Saudi 

Arabian project would be promoted by the visit. ' In developments subsequent 

to the meeting of January 26, formal approval in principle to proceed 

with the project has been given by the Crown Council. The first step is 
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to be a site survey, carried out with assistance from DAO staff, for the 

main optical telescope o~ the Observatory. 

Following Jack Locke's report, the Committee broke for lunch, 

and, no doubt bearing in mind the by now sad state of both washroom 

. facilities, enthusiastically agreed to cross the street to the cafeteria 

in the External Affairs Building. 

After a welcome break, the afternoon session began with several 

reports dealing with the CFHT. The offices o~ the CF1IT Corporation are 

now located in temporary quarters in Haimea and negotiations are ?roceeding 

for the purchase of a site for the permanent building. Delays have been 

experienced in the construction of a power line up the mountain and in 

the preparation of the mid-level facilities. However, the telesco?e 

construction is expected to be completed in September,1979. The ?rima ry 

mirror, having been completed at DAO, will soon arrive in Hawa i i, and the 

prime focus should be available for use by astronomers in December, 1979 . 

The Cassegrain and IR foci are scheduled to be ready for use by February, 

1980 . 

NSERC has agreed to establish a special fund to pay travel and 

per di em expenses for Canadian university astronomers . who are granted 

observing time on the CFHT. This money will be available starting 

in fiscal year 1979-80. 

Reports from the various subcommittees were the next items on 

the agenda. One of the points discussed was a requirement for a series 

of bulletins to inform prospective CFHT users of existing and planned 

instrumentation and capabilities. The nee ds for a clearinghouse to which 

proposals may be s ent, and for a CFHT Users' Committee were foreseen. 

No decisions were reached in these regards, however. 

Arguments were also presented in support of a new intermedia t e

size optical telescope. The CFHT will ensure that Canadians will have 

access to a large telescop e in the future, bu t th ere i s a danger it may 
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be used to alleviate an increasing shortage of moderate-sized facilities. 

Other proposals for linking the I~IRTand CFHT and for a design study on 

a new 3-metre Canadian telescope were referred for additional study. 

A definite recommendation of the Committee was that a programme 

to strengthen theoretical astrophysics in Canada should be instituted. 

The aim is that a number of positions in theoretical astronomy, each 

lasting for up to 3 years, should be made available at the universities. 

These positions should be supported through NSERC and open to experienced 

scientists as well as younger ones. Watch for reports of subsequent 

meetings to see how this proposal fares. 

The focus of the meeting then switched to a ' consideration of 

radio astronomy instrumentation. The CASCA Radio Astronomy Committee 

has received a number of proposals for new facilities - including a 

VLB array and a 25 - m millimetre wavelength telescope. By the time you 

read this, it is probable that their priority list and a proposal based 

on the highest priority item will have been announced at the May CASCA 

meeting in Vancouver. 

The matter of resurfacing the 46-m telescope at ARO was discussed 

in view of the recommendation by the ad hoc Committee, on Radio Astronomy 

within HIA that the potential university users should be polled to 

determine their support for this project. The Associate Committee 

reaffirmed its resolution favouring this project and Carman Costain agreed 

to ask the CASCA Radio Astronomy Committee to undertake the polling. 

A final item of general interest was that of Scientific Exchanges 

with China. A total of 11 Canadian astronomers have indicated an interest 

in this programme to date. The Chinese are being particularly inscrutable 

on this matter it appears. To date the Department of External Affairs 

has not received any response from them. Apparently, in spite of what 

you might read into this, it does not mean that the programme is dead, 

because no response has been received even in those scientific areas 
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where it is known that an interest exists. Nevertheless, if your 

sabbatical is to start in the near future and you plan to spend it 

at the University of Peking, it might be wise not to count on the exchange 

programme to support you. 

Lorne Avery 

Secretary ACA, CNC/lAU 

Commission 46 Meeting of Astronomers and School Teachers 

On August 13, in Montreal, Commission 46 (Teaching of Astronomy) will 

sponsor a meeting between Canadian school teachers and professional 

astronomers. Short presentations will be given by a number of astro

nomers on topics including: The Role of the R.A.S.C. in Teaching Astro

nomy, Audio-Visual Materials for Teaching Astronomy, Observational 

Activities for High School Students, and Telescopes for Teaching. 

The all day meeting will close with a Piaget Workshop, with applica

tions in astronomy. Professional astronomers are welcome to parti

cipate. A request to me will eventually bring a detailed agenda and 

details on location of the meeting. 

Commission 46 is also organizing an all day meeting on "Teaching in 

Astronomy at the University Level", to be a part of the regularly 

scheduled sessions. Invited speakers included G. Abell, G. Verschuur, 

H. Eichhorn, and D. Clarke. Most of the day's presentations and 

discussions will involve teaching astronomy to science students, 

although some comments will surely be directed towards the problems 

of teaching astronomy to non-science students. You are welcome to 

attend, ani abstracts are solicited for contributed papers (10 minutes). 

A detailed agenda is available on request. 
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PLANS FOR THB IAU XVllth GENERAL ASSEMBLY 

Preparations are now well advanced in Montreal, and 
work is in full swing in order that we may be ready to welcome 
the world's astronomers in August. Approximately 1500 people 
have already indicated their intention of co ming and we still 
have hopes of equalling, if not exceeding, the Grenoble atten
dance of about 2150. 

We still await the final details of the scientific 
programme, but a provisional version sent to us shows that this 
will be a very full and exciting meeting. There are many joint 
commission meetings, in addition to the eight Joint Discussions, 
and many people will have difficulty choosing which session to 
go to. Work begins right away on the afternoon on Tuesday 
August 14, so do not plan to arrive that evening thinking that 
you will miss only the Inaugural Ceremony and the formal part 
of the Assembly. 

The social side of the programme has been well plan
ned. It begins on the evening of the 13th with a reception by 
the Rector of the University, and the ne xt day, after the 
Inaugural Ceremony, all registered participants and guests will 
be entertained to lunch by the City of Montreal. The various 
tours have proved popular, for the most part, although two 
have been cancelled becaus e of lack of support. Some have 
reached their maximum, but most are still open to those who 
have not yet made their choice. Two concerts have been ar
ranged , one on the opening night and the other in the second 
week. 

The three Invited Discourses will be as announced 
In the Preliminary Programme and will take place down-town in 
the Queen Elizabeth Hotel . The closing banquet is to be in 
the Gymnasium of McGill Un iversity on Wednesday 22nd August. 

The astronomers of the Universite de Montreal, and 
the staff of UAI 1979 are all working very hard to mak e this 
IAU Assemb ly a great success. We hope that as many Canadian 
astronomers will come as possibly can , and that they will 
contribute to our efforts by helping to play host to the 
participants in the first IAU General Assembly on Canadian soil. 
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POSITION AVAILABLE 

Planeta rium Supervisor 

Depa r t ment of Mathematics and Astronomy 
Unive rsity of Manitoba 

Wi nn ipeg , Manitoba 

A position as Planeta rium Supe rvisor in the Astronomy program at th e 
Univer s ity of Manitoba wi ll be available as of August 20 , 19 79 . Th e 
pos itio ll i s a non- fa c ul ty posit i on with a p robationary period of one 
yea r. 

Qua lifications 

M. Sc . in c luding course s i n astronomy p l us r e lated e xpe rie nce in a 
p lanetarium, observatory , or physical laboratory working with op ti cal 
~nd e l ec tronic equipmen t. An equ ivale nt combination of educa tion and 
e xperie nce will b e cons ide r ed . 

Re presentative Du ties 

a) Writing , producing , presen ting p lanetarium shows . 
b) Administration of Planetarium operation . 
c) Organiz i ng and s upe r vising e l e mentary astronomy course 

laboratories and observations . 

To apply for the position please send a letter including a curri c ulum 
vitae and t h e name of three people wil l ing to submit r e f erences to: 

Sta f f Development and Emp l oyment Office 
Room 203 , Administration Bui l ding 
Univer s ity of Manitoba , 
Winni peg , Manitoba , R3T 2N2 

Please ment ion Job Vacancy Number 500 - 155- 79 . 

-11-



Professor J. E. Kennedy Honoured 

J. E. Kennedy, Assistant Dean of the College of Arts 
and Science and Professor of Physics at the University 
of Saskatchewan was named Patron for Saskatchewan Library 
Week, March 24-31, 1979. The theme for Library Week, which 
is sponsored annually by the Saskatchewan Library Association, 
was "Saskatchewan Libraries ... Information for Living"; 
it was the first occasion that Library Week had a theme 
dealing with science and technology. 

During Library week Professor Kennedy made an extensive 
tour of the province speaking to various local groups at 
the Regional Libraries on this topic. His lectures were 
supplemented with slides taken from plates in his book 
collection covering 19th century astronomy. 

1 notes from universities I 
The University of Western Ontario 

Geoff Clayton and Doug Wade completed their Master's degrees 

this spring. Several of the other students are nearing completion 

of their degrees. 

David Gray presented a paper, "High Resolution Spectroscopy the 

Touchstone of Photometry" at the workshop on multicolor photometry held 

March 16-17th in Schenectady, New York at the Dudley Observatory. 

Brian Martin a,nd David Gray have found the photospheric turbu

lence to be the same in Super-Metal-Rich and normal K-giants. The 

measured differences in T(T) must be due to a component of the turbu

lence that is not readily measureable or to differences in line 

blanketing. 

The General Assembly of the R.A.S.C. met on campus May 18-21. 

There were visits to the Cronyn and Elginfield observatories. OUr sum~ 

mer Open House program runs each Saturday evening in June, July, and 

August. 

-12-



RAVIAL VELOCITIES BY VR. ALAN H. GATTEN 

Th.L6 tape on. fLad-laJ.. veloc.d:.1e-6 wcu pILepaJLed by VIL. Baften. to be 
U-6ed -In. con.jun.ction. wJ..th the tape on. b-ln.aJLY -6ta!L-6 by the late VIL. J.F. 
HeaJLd, the tea 0 n wh-lch ILecenily appeaJLed -In. the VeILn.aJ.. Equ-ln.ox -l-6-6ue 
On CCU-6-l0PeJ..a, No. 22, 1979. 

Alan. Baften. J..-6 a -6eMOIL ILe-6eaJLch 06MceIL at the VOm-lMon. A-6tlLo phY-6-lcaJ.. 
Ob-6 eILvatoILY, HelLzbelLg IYl.-6tJ..tute 06 A-6tlLophY-6-lc-6 , V-lctolL-la , B.C. He jo-ln.ed 
the -6ta66 theILe -In..d:.1ally CU a pO-6tdocto/La£. 6e£.£.ow about ;twenty yeaM ago 
an.d hcu co~buted -6-lgM6-lcan.t£.y to the advan.ce-6 -In. a-6tlLon.omy dulL-ln.g 
thJ..-6 pelL-lod. 

Man. hcu devoted a gILeat deaf 06 w time -In. the pcut 60M yea!L-6 to w 
dutie-6 cu ChaJ..!Lman. on the Comm-lttee oILgaMZ-ln.g the XVII Gen.elLaJ.. A-6-6embly 06 
the InteILn.ation.aJ.. A-6tlLon.om-lcaJ.. Un.-lon. -6chedufed 60IL Mon.tJLeaJ.. 6ILom 14th to 
23ILd AugU-6t, 1979. A-6 -600n. cu tw g-lgan.tic un.deJLtafUn.g -l-6 -6UCC~-6nuUy 
completed, Alan. we£.£. de-6e1Lv e-6 a len.gthy pe!LJ..od 06 ILe£.axation.. 

H-l-6 COOpeILation. -In. mafUn.g tw mateIL-laJ.. available to the ILeadeM 06 
Ccu-6-lopeJ..a J..-6 gILatenutty ackn.owledged . 

Un.-lVeMJ..ty 06 Scukatchewan. , 
Scu kato 0 n. , Scu katchewan., 
Jun.e 15th , 1979. 
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RADIAL VELOCITIES 

When astronomers observe and measure the spectrum of a star, one of 
the quantities they can determine is the velocity of the star, towards us 
or away from us, along the line of sight. The technical name for this 
quantity is radial velocity, and I want to talk to you about how we measure 
radial velocities and why we attempt to do so. 

Starlight that has been collected by a telescope and passed through a 
spectrograph is spread out into a coloured band of light that we call a 
spectrum. A photograph of a spectrum is called a spectrogram. Each colour 
in the spectrum corresponds to light waves of a definite and characteristic 
wavelength. There is really, of course, a continuous sequence of wave
lengths , although our eyes can recognize at most about seven distinct 
colours. The smallest difference in wavelength that we can measure depends 
on the width of the slit through which we admit the starlight to the spectro
graph: our spectrogram is a series of images of that slit, each in a dif
ferent colour (or wavelength), juxtaposed side by side in order of increasing 
wavelength. If we photograph a laboratory spectrum that contains features 
of known wavelength at the same time and through the same spectrograph as 
the star spectrum, then we can determine the wavelength that corresponds to 
any position in the stellar spectrogram. 

When we examine a stellar spectrogram closely, we find that some images 
of the slit are missing, or at least very much fainter than their neighbours. 
Our spectrogram has the appearance of a coloured band of light crossed by a 
number of dark lines. This is because the relatively cool gases in the outer 
layers of a star absorb selectively the light they receive from the hotter 
layers below. Just which wavelengths they absorb depends on the chemical 
elements doing the absorbing. Almost all stars have much the same chemical 
composition, being made predominantly of hydrogen and secondarily of helium. 
All the other chemical elements together make up only about two per cent of 
a star's mass. Which atoms do the absorbing, however, depends on how hot the 
star is. In the spectrum of a star like the Sun, the most obvious lines are 
those of iron and other metals. In those of cooler stars the lines of simple 
molecules are important. In the spectra of hotter stars one sees lines of 
ionized metals (metal atoms that have lost one of their electrons) and lines 
of hydrogen. In the very hottest stars, lines of helium become the strongest 
features. The important point for us is that the wavelengths of these lines, 
and therefore their positions on the spectrogram, are properties of the ab
sorbing atoms: provided we know which atom is producing a line, we can cal
culate the position it ought to have in OUL spectrogram, with respect to the 
features in the comparison laboratory spectrum that we have photographed 
alongside the star spectrum. 

In 1843, the Austrian physicist Doppler pointed out that light waves 
received by an observer moving relative to their source, along the line 
joining source and observer, should appear to have slightly different wave
lengths from those they would have if the observer were stationary with 
respect to the source. The wavelengths would be longer (redder light) if 
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source and observer were receding from each other, and shorter (bluer light) 
if they were approaching. Doppler believed that the colour of a star would 
be changed, and he supposed that red stars were receding from us and blue 
stars approaching us. He was right in principle, and when we consider dis
tant galaxies receding from us at velocities nearly equal to that of light 
itself, we do have to allow for the fact that they look redder than do nearby 
ones. We know to-day, however, that the stars in our own Galaxy have velo
cities much too small to affect their colours appreciably, and that blue 
stars are simply hotter than red ones. The French scientist Fizeau, however, 
pointed out in 1848 that the lines in stellar spectra provide excellent 
markers, and that their wavelengths (and therefore positions with respect to 
the comparison spectrum) would be modified in the way that Doppler proposed. 
French scientists still talk of the Doppler-Fizeau effect, although the rest 
of us usually call the shift of spectral lines simply the Doppler shift. 

If a spectral line arising in a source at rest with respect to the ob
server has a wavelength AO, then it is easily shown that the same line in a 
source moving with respect to the observer with a radial velocity v has a 
wavelength A, which is approximately given by 

A - AO 
AO 

= 
v 
c 

where c is the velocity of light. We also adopt the convention that a velo
city of approach is negative. This equation is an --.approximation even if we 
ignore the theory of relativity, and it won't~o for very distant galaxies 
for which v is nearly equal to c. For stars in our own Galaxy, however, v 
is always very much smaller than c and the approximation is quite acceptable. 
The problem of determining a radial velocity, therefore, depends on how 
accurately we can measure A and how accurately we can determine what AO 
should be. The quantity c is known more accurately than either A or AO, so 
we do not have to worry about any uncertainty in it. 

Now the measurement of A depends on the properties of the spectrograph, 
the nature of the spectrum, and the accuracy of our measuring devices. Each 
spectral line, as we have said, is an image of the spectrograph slit. If 
the spectrograph is designed to make the image of the slit very narrow all 
the lines (at least in the spectra of stars like the Sun) will also be very 
narrow and their positions can be measured very precisely. If we do this by 
making the slit itself too narrow, however, we shall waste a lot of the star
light our telescope has collected and unnecessarily lengthen our exposure 
times. We also have to remember that a photographic emulsion is made up of 
individual grains, and nothing is gained by making the image of the slit on 
the photographic plate narrower than the size of an individual grain. The 
designer of spectrographs has to balance all these considerations. At the 
Dominion Astrophysical Observatory we are very fortunate to have modern spec
trographs designed for us by Dr. Harvey Richardson. These enable us to get 
maximum performance from our modest-sized telescopes. The nature of the 
spectrum is also important. Stars like the Sun have many sharp lines in 
their spectra, no wider than the image of the slit formed by the spectro
graph. The positions of these can be measured very precisely. In hotter 
stars, however, various physical processes affect the absorption of light by 
individual atoms and have the effect of smearing out the spectral lines into 
broad features, much wider than the image of the spectrograph slit, and much 
harder to measure precisely. Because there are also fewer lines to measure, 
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the radial velocities of hot stars are always determined with less certainty 
than those of cool ones. Finally, we must take great care to have an accu
rate measuring device. Often one uses a screw of as nearly constant pitch 
as possible. The plate is placed on a carriage that is turned by the screw, 
and the number of turns measures the distance between (say) some feature of 
the comparison spectrum and an absorption line in the stellar spectrum. Until 
recently, one would look at the spectrogram through a microscope and simply 
judge as well as possible the setting for each line. For sharp lines this 
presented no difficulty, but it was not easy to measure broad lines accurately. 
Increasingly, astronomers are now using devices which display the distribution 
of intensity across a spectral line on an oscilloscope screen. The device 
scans the spectrum rapidly in both directions, and the operator must move the 
plate carriage until the two traces produced coincide. He has then measured 
the position of the line. The positions of sharp lines on a spectrogram can 
be measured to within one micron (one thousandth of a millimetre). What does 
that imply for the accuracy of the radial velocity we are trying to measure? 
This depends on how much the spectrograph we use spreads out the starlight on 
the photographic plate--the quantity that astionomers call dispersion. For 
exampl~, if two lines whose wavelengths differ by 2Yz Angstroms (1 Angstrom 
is 10-8 cm) are separated by a millimetre on the plate, the dispersion is 
said to be 2Yz A/rom. This is the highest dispersion we use at Victoria, and if 
a line is displaced by one micron from its normal position, this would cor
respond to a velocity of about 0.2 km/sec. If we measure many lines on the 
spectrogram, the mean radial velocity that we derive is even more accurate. In 
favourable cases we can detect velocity changes with the spectrograph of the 
order of 0.1 km/sec. Unfortunately, only the brightest stars can be observed 
at such high dispersion--spreading the light out along the photographic 
plate increases exposure times. If we have to observe a star at a much lower 
dispersion of 60 A/rom, our one-micron shift, the smallest we can detect, cor
responds to a velocity of 4Yz km/sec. Thus even the velocities of stars that 
have sharp lines in their spectra are relatively poorly determined at this 
dispersion, and those of stars with broad lines in their spectra are even more 
uncertain. 

We turn now to the determination of AO - the wavelength that a line 
would have if the star were at rest relative to us. At first sight this 
might seem fairly easy. Wavelengths of spectral lines can be measured very 
accurately in the laboratory--sometimes to one ten-thousandth of an Angs trom. 
It doesn't always follow, however, that an atom will radiate exactly the same 
way in the laboratory as ~n a star's atmosphere. More important still, in 
a spectrum like that of the Sun with many lines crowded together, one parti
cular feature may be a blend of several contributing lines whose wavelength 
differs considerably from that of the principal component. It is fairly 
obvious that the degree to which such blends are formed must depend on the 
dispersion of the spectrogram: at low dispersions there will be many more 
blends than at higher ones. We have to determine empirically what AO should 
be--ideally for each new spectrograph individually. This can only be done 
if we can observe spectroscopically some object that shows a star-like spec-
trum and whose radial velocity is known independently of any spectroscopic 
observations. Fortunately, the minor planets are such objects. They reflect the 
light and spectrum of the Sun, and our knowledge of their orbits and that 
of the Earth would enable us to calculate their radial velocities even if 
we could make no spectroscopic observations at all. From observations of 
the minor planets, therefore, we can deduce what AO must be in the spectra of 
stars like the Sun. (In all this work, incidentally , we must remember that 
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we observe from a moving and rotating Earth. We usually make corrections 
for our own motion so that published radial velocities are relative to the 
Sun). To determine appropriate values of AO in spectra unlike that of the 
Sun, we look for clusters or double star systems that contain stars like 
the Sun and of the type we want to measure associated together and, presum
ably, having the same radial velocity. The International Astronomical Union 
has published lists of stars that have been observed extensively at several 
observatories and found to be constant in velocity. These stars serve as 
standards and enable other workers to omit some of the steps just described. 
But it is stilla good idea, once in a while, to check the wavelength syste~ 
of any spectrograph by observing the minor planets. 

These are the p:dnciples behind the determination of radial velocities: 
there are many variations of method. Image-intensifier tubes are increa
singly being used instead of photographic plates and spectrograms can thus 
be obtained for much fainter stars. Dr. Roger Griffin of Cambridge, England, 
has developed an interesting device that measures radial velocities photo
metrically. Instead of recording the spectrum on a photographic plate, he 
passes it through a mask in which slits have been cut to match thE: absorp
tion lines in the spectrum itself. Behind the mask is a photomultiplier 
which conver ts the light signal to an electric current. As the mask is 
moved in the focal plane of the spectrograph along the i~age of the s p ectrum, 
a minimum amount of light is transmitted when the absorption lines in the 
spectrum line up with the slits in the mask. Of course the measures must be 
referred to a comparison spectrum, just as in the photographic methods. This 
method is now in use at several obsE:rvatories, including Victorta, and holds 
out great promise for the study of stars with sharp spectral lines. 

NO\J why do astronomers do all this? Radial velocities are in fact the 
clue to several importanL problems. The study of spectroscopic binaries 
and much of our knowledge of stellar masses depend on the determination of 
radial velocities. The late Dr. Heard has described the interest and the 
imvortance of this work to you in an excellent tape made just before his 
death. Both Canada's major optical observator ies have pursued this work. 
Another important application of radial velocities is to the study of galac
tic structure. The Galaxy is rotating in much the same way as our Solar 
System rotates: that is to say that stars farther from the centre are 
taking longer to travel around the centre, and travel more slowly, than do 
those nearer in. From this fact we can make quite definite predictions 
about how radial velocities will vary (on average) in different directions 
in the sky, and if we actually make measurements we can deduce the direc
tion of the centre of the Galaxy, the size of the Galaxy~ and how far out 
from the centre \ve arE:. This kind of investigation ,vas a maj or part of the 
work of the Dominion Astrophysical Observatory (especially of J. S. Plaskett, 
J. A. Pearce, and R. M. Petrie) throughout most of its first fifty years. 
Another application is in the study of stat" clusters. It is alw3.:-'s diffi
cult to sort out which stars actually belong to n cluster and which OGes 
are foreground obj ~c ts that jillit happen to be seen in the same direction in 
space. Fortllnately, the stars in a cluster are moving tog0ther and have a 
characteristic velocity. Thus the radial velocity is often a ~ood way to 
sort out the sheep and the goats--although on e mu£t make eno ugh observations 
of each star to recognize the spectroscopic binaries. Once we kno~ which 
stars are members of a clus ter, we can use meas ures o f their colours and 
magnitudes both to estimate the distance of the cluster and to test our 
theories of stellar evolution. Although the emphasis of my talk hes been 
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on the determination of the radial vel ocities of stars, and not everything 
I have said can be applied directly to large radial velocities of external 
galaxies, yet we should not forget that one of the most important applica
tions of radial-velocity techniques is to the study of external galaxies. 
Indeed, since it is now gener~lly believed that the galaxies are receding 
from each other with velocities proportional to their distance, the radial 
velocity of a galaxy is used as a measure of its distance. One could list 
many other individual applications of radial ve l oci ties, but to do so would 
become tedious. We should cultiva te the hab it of regarding the radial ve l o
city of a star as one of the fundamental data , like i ts position, its 
apparent magnitude, or its distance, that we should try to obtain whenever 
possible. Ideally, radial veloc i t i e s should be known f or all stars that 
are bright enough to observe spectroscopically with moderately powerful 
equipment. We are a long way from this goal. 
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IresearCh newsl 

THE 1.4 GHz SYNTHESIS RADIOTELESCOPE AT THE 

DOMINION RADIO ASTROPHYSICAL OBSERVATORY 

The Observatory at Penticton welcomes proposals from 

outside astronomers to collaborate on observations using 

the Synthesis Radiotelescopee 
The telescope is designed for observations of both 

atomic hydrogen and adjacent wide-band continuum emission 
at 2lcm wavelength. The telescope comprises two 9m para
boloids which move on a precision E-W track of 300m length 

which enables a synthesis of resolution 2.0 x 2.0 cosec(6) 
arcmin within a 2-degree field. Two more fixed paraboloids 

are being added to provide 4 simultaneous spacings and 1 
arcmin resolution. 

The telescope is particularly suited to observations of 

line and/or continuum eroission from extended objects in the 

range of angular size 5 to 100 arcmin. Most observations 

of extended galactic nebulae, where the H-line information 

is of prime interest, are made with full sampling of the 
u-v plane. Such observations are usually supplemented by 
observations with the 26-m paraboloid which provide the 

spatial components equivalent to the baselines less than 

12m which cannot be measured with the interferometer. 

Observations of extragalactic objects or sourceS for 

which the continuum emission is the major interest can be 

done as grating surveys for which the interval between 

interferometer spacings is any multiple of 4.29m. Examples 
of some recent observations are given in Observatory Notes 
in the December 1978 issue of Journal of the RASC (Vol.72, 

p344) • 
The 1.4 GHz receiving 3ystern*has a total system noise 

of -lOOK. The continuum emission from a 15 ~Hz band, which 

straddles but does not include the line emission, is cross-

* A full description of the system is given by Roger, Costain, 
Lacey, Landecker and Bowers, Proc.IEEE 61, 1270 (1973). 
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correlated with two analog correlators in phase quadrature. 

A band containing the line emission is processed by a 3-level 

digital cross-correIa tor containing 12~ quadrature-pair delay 

channels. These provide coefficients for a transformation 

into 12R frequency channels with anyone of the following 

overall bandwidths and resolutions: 
OVERALL BAND CHANNEL RESOLUTION 
JV'.Hz krn/s kHz km/s 

.125 26 1.6 0.33 

.25 53 3.1 0.66 

.5 106 6.2 1.32 
1.0 211 12.5 2.64 
2.0 422 25.0 5.2R 
4.0 R44 50.0 10.56 

The channel separation is about 2/3 of the channel width. 

For H-line maps the rms noise level can be expressed as 

(n)~ (N\l Trms = 2.8 13 7lJ) sin(6) Kelvin 

where ~ is the declination and B is the overall bandwidth in 

~Hz. The grating spacing interval, n, and the maximum spacing, 

N, are both in units of 4.29m. Thus, for a typical survey of 

a galactic nebula at declination 50 degrees using 70 spacings 

and the 0.25 MHz band, the rms noise on line maps will be 4.3 
Kelvine 

The noise level for a continuum map is 

Trrns = Rl n~ &16) i sin( 6) mK 

or in terms of flux density per beam area 

Srms = 1 .. 6 n~ &Ib)-~ mJY/ba 

For example, a continuum survey at every fourth spacing (n = 4) 
out to the maximum spacing (N = 70) will have an rms noise level 

of 3.2 mJy per synthesized beam area. The expressions and 

examples used assume full hour-angle coverage (12 hrs) at each 

spacing. 
Observing with the synthesis telescope is carried out 

with an on-line computer which controls the track motors, 
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start and stop times, phase rotation, delay compensation, 

and data logging from both continuum and spectrometer chan

nels. The new 4-antenna system (estimated completion 

September 1979) will provide complete computer control of 
the telescope pointing for both calibrations and observa
tions. 

Routine setting up of observations is done by an observing 
assistant and thus does n ot require the guest observer to be 

present" 
Synthesis of the maps can be done on the PDP 11/45 computer 

using the Observatory's software . Guest observers are encouraged 

to undertake most of the data reduction. Documented programs 

for the display and manipulation of the map files, including 

a CL£AN routine, are available. 

More details regarding the telescope and the scheduling 

of observations can be obtained by writing to the undersigned 
at 

R. S. Roger 

Dominion Radio Astrophysical Observatory, 
National Research Council, 
Herzberg Inst. of Astrophysics, 
Box 24R, 
Penticton, B.C. V2A 6K3 
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SOME REFLECTIONS FROM DOWN UNDER 

Colin Scarfe 

Even in these days when most astronomers seem to be globetrotters, 

I suppose I am one of a minority of Canadian astronomers who has spent 

some time in Australia and New Zealand, so I thought I might share some 

of my experiences with readers of Cassiopeia. I have now been at 

Mt Stromlo Observatory, Canberra, since the end of June 1978, except for 

the summer months, early December to late March, which I spent in the 

Physics Department at the University of Canterbury, Christchurch. 

Mt Stromlo is a very stimulating place to work, with nearly twenty 

professional astronomers, including long-term visitors such as myself, 

and close to thirty research students engaged in Ph.D. programs. It lies 

just to the west of Canberra, whose growth has been exceedingly rapid in 

recent years, resulting in light pollution comparable to that currently 

experienced by the D.A.O. in Victoria. Nevertheless a considerable amount 

of observing takes place on Mt Stromlo, particularly with the 1.85m 

telescope which is somewhat oversubscribed. This telescope, which is 

equipped with a TV acquisition and guiding system, is used chiefly with 

a detector consisting of an array of photodiodes, preceded by six image 

tubes in series and followed by pulse counting electronics. The detector 

is easily transferred back and forth from the Cassegrain spectrograph to 

the coude, and permits rapid digital recording of the spectra of faint 

objects. It is similar in many respects to the Boksenberg Image Photon 

Counting System in use with the Anglo-Australian Telescope. 

Also at Mt Stromlo are a O.76m photometric reflector, which is 

currently being used for development of a TV photometer, the Uppsala 

Schmidt, and the Yale-Columbia refractor, all of which see frequent use. 

The old 1. 27m "Great Melbourne Telescope" has been dismantled and is 

undergoing substantial modernisation. 

Mt Stromlo has a wide range of computing facilities, which include 

a new digital VAX-ll/780 computer, the first of its kind in Australia, 

a HP 2l00A and several PDP-II's mostly used for data acquisition and 

reduction. The library is well stocked and well organised by a full time 

librarian and there are extensive optical, mechanical and electronic 

workshops. 
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Three telescopes at Siding Spring Observatory, some 600 km north 

of Canberra, are owned and operated by Mt Stromlo. They are respectively 

1.Om, 0.6m and 0.4m in aperture, and are used primarily for photometry, 

the smaller ones being somewhat underused. A very convenient system of 

logging photometric data directly onto magnetic tape cassettes has been 

developed and is in general use. Siding Spring has substantially more 

photometric sky than Mt Stromlo, but is inferior to the best sites 

elsewhere. 

Of course, Siding Spring boasts two of the finest telescopes in 

the world, the Anglo-Australian Telescope and the U.K. Schmidt, which 

now has its southern Sky Survey about 80% complete to a substantially 

fainter limiting magnitude than the Palomar Sky Survey. The A.A.T. is 

proving to be a very fine instrument indeed, with its exceptionally fast 

and accurate pointing and its excellent auxiliary equipment. It is heavily 

oversubscribed. 

At Siding Spring Lodge, which is run by the Australian National 

University, of which Mt Stromlo is a part, astronomers are provided with 

comfortable accommodation and substantial meals. 

Conditions for astronomy in New Zealand are a good deal less 

favourable, due in major part to lack of money to hire additional good 

staff and to develop equipment. A small group at the University of 

Canterbury has taken on most of the task of operating Mt John University 

Observatory. The Universities of Pennsylvania and Florida still maintain 

a stake in Mt John, but their great distance tends to make them leave 

the place largely to the New Zealand group. The principal telescopes at 

Mt John are two 0.6m instruments of which one, originally built by Optical 

Craftsmen, is now being completely rebuilt at the University. The other, 

by Boller and Chivens, is used primarily with an echelle spectrograph 

which gives very high dispersion and deserves a larger telescope. There 

is also available a photometer which was converted to computer control 

earlier this year, but Mt John does not have many photometric nights 

and is better suited to spectroscopy. Observing time is readily available, 

however, to those who are willing to persevere. The Observatory is some 

230 km from Christchurch, in the centre of the South Island, within sight 

of the Southern Alps. Mt John itself rises about 300m above an almost 

treeless plateau, and is rather subject to strong winds . There i s a 
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comfortable flat for visiting astronomers, but one has to supply and 

prepare ones own meals. 

--., 

I have, of course, been accompanied by my family on my travels 

and the experience has been rewarding for them, too. The Australian 

National University owns a considerable amount of property in Canberra 

and provides housing at reasonable rentE to visitors as well as to many 

of its own staff and students. Before our departure for New Zealand we 

had a house on Mt Stromlo, and since our return, in one of the Canberra 

suburbs, both owned by the university. 

Canberra is a remarkable city, be i ng very new, and planned in 

detail from the outset. In many respects it is like a huge park, so 

clean that it is almost sterile. It is arranged in several clusters of 

suburbs, with arterial roads running through the intervening greenbelt. 

Each suburb has a shopping centre, usually with a nearby school, toward 

its centre, and each cluster has a larger shopping area and a high school. 

Although it is a city geared to motor transport, each suburb is well 

equipped with foot- and bicycle-paths and children's playgrounds. The 

housing is of good quality and comfortable, though there are few houses 

with basements for storage. Heating is neoessary in Canberra's winter, 

but full central heating is a rarity, wood and oil-burning stoves and 

electric heaters being more common. And a stove-full of hard eucalyptus 

wood provides a very satisfactory heat! 

Canberra is well equipped with schools, and my children, aged 8 

and 5, have on the whole got on well despite the inevitable phase shift 

of half a year. It is my impression that the general academic level of 

the early years is a little lower than is normal in Canada, but the 

teaching seems of high quality and quite modern in methods. And the 

Australian National University has a beautiful campus to match its growing 

reputation as a centre of excellence. 

Christchurch is a rather more "normal" city than Canberra, having 

developed more gradually. It is the principal centre of the South Island, 

both commercial and cultural. It has beer. described as a rather English 

city, but it might also pass for a Canadian one . It abounds in comfortable 

homes and well-kept gardens and has a rather unhurried air. 

The University of Canterbury has origins over a century ago, but 

established itself about 1965 on a campus well away from the city centre. 
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The pleasant site has been rather spoiled by drab buildings; however, 

the newer ones are more attractive. We inadvertently chose a poor time to 

arrive there, shortly before the Christmas holidays, when the university, 

like almost everything in New Zealand, virtually shuts down for nearly a 

month. However, we were accommodated for a month in a university "transit 

house" conveniently close to the campus, and then moved to another house, 

somewhat further away. 

The schools that our children attended in Christchurch after the summer 

holidays ended January 31, were of the more traditional variety, but from what 

we saw, of quite good quality. Standards of dress for school were a little 

rigid, but as in Australia, the wearing of school uniforms was optional. 

One pleasant feature of New Zealand is that food is quite inexpensive, 

particularly meat and dairy produce. This is not so true in Australia, 

where food is only slightly cheaper than in Canada. Rents are lower in both 

countries than in Canada, but cars are costly to buy and to run. Gasoline 

costs about 38¢ a litre in New Zealand, a good deal more than in Australia, 

but the cost of labour for maintenance is lower in New Zealand than in 

Australia and Canada. When one buys a used car in New Zealand, one is 

required by law to produce a down payment amounting to at least 60% of the 

purchase price. No such restriction exists in Australia however. 

Australia produces a large quantity of wine, and although some of it 

is of poor quality, much of it is excellent and quite inexpensive. One's 

first visit to a wine shop can be a bewildering experience, so great is 

the variety available. In New Zealand prices for locally-produced wines 

are also fairly cheap, but the quality is not so good, nor is there so wide 

a choice. 

We have of course spent part of our time seeing some of the sights 

of both countries, but realize that there is very much more to see than 

time has permitted. (After all, one has to work some of the time.) Still 

we have seen enough of the eastern seaboard of Australia to realize that 

its reputation for superb beaches is quite justified. And New Zealand's 

mountains and lakes are quite comparable wi t h Canadas for beauty , as are 

the fiords of the south west coast. Both countries have severa l National 

Parks, Australia's tending to be small but numerous, New Zealand~few and 

larger, as in Canada. In both countries the flora are most interesting and 
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quite different from Canada's, and what New Zealand lacks in animal life 

(virtually no native mammals) it makes up for in the sheer profusion of 

its .lush west coast rain forest. Australia of course has its extraordinary 

collection of marsupials and other unique creatures such as the platypus. 

Kangaroos are so numerous that we saw many, alas, that had been killed by 

traffic particularly in Queensland. And Australian birds are spectacular, 

with parrots and cockatoos of many brilliant varieties abundant even in 

the far south. 

Australia and New Zealand are both fascinating places to visit. 

Of the two, Australia has much the more to offer astronomically, and is a 
1 

splendid place to spend a year's sabbatical leave. However New Zealands 

incredibly varied scenery is something that should not be missed on a 

visit to this part of the world. In this article I have mentioned only a 

few of the experiences and impressions gained by myself and my family, and 

they may well correspond poorly with those of others who have been here. 

I hope that any who disagree with the views I have expressed will bear 

in mind that they are purely personal, and based on only a few months' 

observations. However I also hope that my remarks may be of use to others 

who might be contemplating a trip "down under". 
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