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A Workshop on the History of Canadian Radio Astronomy
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Canadian Radio Astronomy History

@canadianradioastronomyhist196 - 112 subscribers - 58 videos

Videos related to the history of radio astronomy in Canada. >
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"RADIO ASTRONOMY AND CANADA: FIFTY YEARS OF PROGRESS™
Tuesday, 22 December 1987
Room 3001, 100 Sussex Drive, Ottawa, Canada

Morning Session (9:00 am - 12:15 pm): Chairman: J.M. MacLeod (HIA, NRC)

Welcome: L. Kerwin (President, NRC)
Introduction: D.C. Morton (Director, HIA, NRC)

The 50th Anniversary of Grote Reber's Radio Telescope
and his First Observations




Karl Jansky

Bell Telephone Labs
Holmdel, New Jersey
7:10PM Sep 16, 19
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New York Times
May 5, 1933

NEW RADIO WAVES
TRAGED T0 CENTRE
OF THE MILKY WAY

Mysterious Static, Reported
by K. G. Jansky, Held to |
Differ From Cosmic Ray. !

DIRECTION IS UNCHANGING

Recorded and Tested for More |
Than Year to Identify It as
From Earth's Galaxy.

INTENSITY IS LOW|

—————

ITS

©Only Delicate Receiver Is Able to|

Reglster—Ne Evidence of
Interstellar Signaling.

Discovery of mysterious radio
waves which appear to come from
the centre of the Milky Way galaxy
was announced yesterday by the
Bell Telephone Laboratories. The
discovery was made during re-
gearch studies on static by Karl G.
Jansky of the radio research de-
partment at Holmdel, N. J, and
was described by him in a paper

delivered before the Internztional

R o e o N e URPaabs.

Dr. Slipher concluded, at some dis-
tance sbove the earth’'s surface,
and possidbly produced by the
earth’'s atmosphere.

The galactic radio waves, the an-
nouncement says, are short waves,
14.6 meters, at a frequency of abgut
20,000,000 cycles & second. The in-
tensity of these waves Is very low,
30 that a delicatc apparatus is re-
quired for their detection.

Unlike most forms of radio dis-
turbances, the report says, these
newly found waves do not appear
to be due to any terrestrial phe-
nomena, but rather to come from
some point far off in space—prob-
ably far beyond our solar system.

If these waves came from a ter-
restrial origin, it was reasoned,
then they should have the same
intensity all the year around., But
their intensity varies regularly with
the time of day and with the sea-
sons, and they get much weaker
when the earth, moving In its orbit,
Interposes itselt between the radio
receiver and the source.

A preliminary report, published
In the Proceedings of the Institute
of Radio Engineers last December,
described studies which showed the
presence of three separate groups
of static: Static from local thunder-
storms, static from distant thunder-
storms. and a ‘‘steady hiss type
static of unknown origin."" Fur-
ther studies this year determine
the unknown origin of this third
type to be from the direction of
the centre of the Milky Way, the
earth’s own home Ralaxy.

Direction of Arrival Fixed.

The direction from which these
Wwaves arrive, the announcement
asserts, has been determined by
investigations carried on over a
considerable period. Measurements
of the horizontal component of the
waves were taken on several days

'Y gl




NRC Radio Field Station in Ottawa, 1943







Canada’s First Radio Telescope (48”)

FIG 3
FIG. 2 I0.7- CENTIMETER RADIOTELESCOPE
|0.7- CENTIMETER RADIOTELESGOPE REAR VIEW
FRONT VIEW

First observation of the Sun: 26 July 1946



Solar Eclipse: 23 November 1946
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Calibration Horn Antenna

At Goth Hill...




10.7-cm Solar Flux Monitoring Program

e Started Feb. 1947 in Ottawa.

e Moved to ARO and DRAO
in early 1960s.

* Continues today at DRAO...

Solar Flux Units F10.7 @ 1 AU
400

350 A
300 A
250 A
200
150 A

100 -

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010




...operated until 1970.

BROAD-BAND RADIOTELESCOPE

|O.7-cM RADIOTELESCOPE (10-15 cm) 150-CM RADIOTELESCOPE

GOTH HILL SoLAR NOISE ‘OBSERVATORY




Gladys A. Harvey:

Canada’s First Woman Radio Astronomer

<
o
—

*  Worked for NRC’s REED 1948-1976
* Observer at Goth Hill and Algonquin

SOME RELATIONSHIPS BETWEEN 10.7-CENTIMETER SOLAR
NOISE BURSTS, FLARES, AND SHORT-WAVE FADEOUTS

GLADYS A. HARVEY
Radio and Electrical Engineering Division, National Research Council, Ottawa, Canada
Received May 10, 1963; revised July 16, 1963

ABSTRACT

Relationships between 1953 solar noise bursts (10.7-cm), 4527 flares, and 928 short-wave fadeouts
that occurred during concurrent observing periods from July, 1957, to December, 1960, are investigated.
The bursts are those that have been unamblguously identified on the solar patrol records of the National
Research Council, Canada, and published in the ‘“Summaries of Outstanding Events at 2800 Mc”; the
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Joe Pawsey: Founder of Australian Radio Astronomy

* Married Canadian Lenore Nicoll in 1935.
* Three visits to NRC in Ottawa:

* 1941

* 1947, meets Arthur Covington...

* “At Ottawa, Covington is a young and
inexperienced man working in relative
isolation. He has got some thoroughly
useful results by good honest work and

T perseverance.”

* 1957, met with Don McKinley, Peter
Millman, C.S. Beals, Norm Broten, and
talked with Jack Locke about plans for

DRAO.

200 MHz, sea-cliff sl
interferometer at T2
Dover Heights, Sydney S885%




John Bolton (CSIRO) Gives

Colloquia at NRC in 1950-51
Befriended Covington.
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Jack Locke i
. 1956: Jack Locke arranges a 6-part colloquium

bl [:.‘ series at Dominion Observatory in Ottawa on
s radio astronomy.

Beals invites Bolton (now at Caltech) to
Ottawa again to give a colloquium on radio
astronomy.



The 21-cm Line

1945:
Henk van de Hulst predicts atomic

hydrogen in space should emit
radio waves at 1420.4058 MHz, or

21 cm.

Six years pass with no discovery.
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“Early visitors to the Radio Field Station and to Goth Hill
whom I can recall... were”--—- Appleton, Hey, Ratcliffe, Bolton,
Friis, Pawsey and van de Hulst. “I was introduced to Pawsey
during one of his early visits to the RFS by W.J. Henderson;
they attended Cambridge at the same time...” When Pawsey
saw the 10-30 cm horn in 1948 (for absolute flux
determination), “he told me about the 21 ¢cm hydrogen line
prediction and wondered whether I could make ... any
observations for its confirmation. As it stood, the
instrumentation was hardly suitable. This was the first time
that I had heard of the prediction and is one occasion when I
realized the magnitude of the difficulties of switching from one
promising area to another. I readily gave a negative reply and
realized that I would be continuing solar noise work...”

Arthur Covington in Woody Sullivan’s, The Early Years of Radio Astronomy



The 21-cm Line

1945:
Henk van de Hulst predicts atomic

hydrogen in space should emit
radio waves at 1420.4058 MHz, or
21 cm.

Six years pass with no discovery.

March 25, 1951:

Harold “Doc” Ewen &

Edward Purcell

(1952 Nobel Prize for NMR)
...measure the 21-cm line using
a horn antenna sticking out of

Hall at Harvard.
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KENNEDY ANTENNAS...% 77 qaceery

60" Radio Telescope
Harvard University's

omewhere in the nearly empty reaches of outer space,
two hydrogen atoms collide. After a 100-million year journey
at the speed of light, the signal generated by that accidental
collision reaches a super-sensitive radio telescope antenna in

Massachusetts and is recorded — and so one grain more is °D.S. KENNEDY & CO.

added to man’s knowledge of the universe.
Modern miracles like this happen every day at Harvard COHASSET, MASS. — TEL: CO4-1200

University’s Agassiz Station Observatory, where a giant new

ANTENNA EQUIPMENT

radio telescope, with its 60’ Kennedy antenna, is taking Dotwn-To-Earth SOLUTIONS (o T"“::':l Antennas

man further back in time . . . and further out into space . . . Ouwt-Of-This-Werld PROBLEMS o Siepropies :
han he has ever been before P Radar Antennas 1
than 2 ¢ en before. T heric Scatt ¢

lonospheric Scatter
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April 30, 1956.

Dr. G.5. Hume, FILE NO.

Acting Deputy iinister. REFERTO

ltecent trips to ‘merican Astronomical Society, March 22-24;
Inauguration Ceremonies, Harvard 60 Foot Hadio 'felescope, April 28, 1956.

The major reason for two recent trips made by wyself to scientific
neetings or institutions (Amcricsn kstronomical Society, flarch 22-24 -
Inauguration Ceremonies, Harvard 60 ft. radio telescope, April 28, 19%6)
hat been Lo gather information on radio astronomy and ils povsible future
use by our Jranch,

iacio astronomy as an active branch of science has arisen from the
uiscovery that, in addition to visual and photographic light, the sun,
the stars, the planets, the gas clouds of the galaxy and the external
palaxies all emit radiation of the order of centimeters or meters in
wvavelength., This relatively lony wave-lengtn radiation is electronagnetic
radiation similar in its fundamental aspects to ordinary light and with
suitable receiving equipment wmay be used Lo gain astronomical information
aboul the nositions, motions and physical characteristics of the
heavenly bodies,

At the neeting of the American Astronomical Society at Columbus,
Onio, harch 22-24 the most inportant single subjcct was radio astronomy,
Hunerous papers vere presented dealinp with planetary, stellar and
galactic radiation and a symposium waos hela dealing with instrumental
problems and the interpretation of radio observations of both near and
distant astronomical bodies,

The official opening of the new Harvard 60 ft. radio telescope on
April 28 offered similar opportunities for studying the present position.
A day of meetings were held and there were numerous opportunities for
vergonal discussions with successful research workers in this field. In
addition to these two meetings a series of six colloquia organized by
Dr. J.L. Locke and devoted to the subject of ladio Astronomy has been
held al the Dominion Obscrvatory and attended by most of the scientists
of the Oltawa area interested in this subject,

ithout attempting to review the entire ficld it would appear for
the Lype of aslronomical studies occupying our major interest at victoria,
and Lo some extenl at Oltawa namely palactic studies, that the
introduction of radio techniques is very clocely unalogous Lo the
revolution introduced into the practice of weaicine by the use of X rays,
Ordinacy pnotographic and visual light is absorbed by the dust particles
pervading the palaxy to such an extent that only a volume of space
apnroximately 2,000 parsecs in dianeter can be effectively examined.
laking use of tnc long wavelength radiation (21 cm) produced by clouds
of neutral hjdroren anu presumably other atoms and molecules it is
possible Lo penctrate Lo a distance 10 times as pgreat,

vhile this does not nake conventional astronomy obsolete any more
than the introduction of X rays oulmoded the direct use of the human eye,
nevertheless it does place at a pgreal disadvantape any major astronomical
organization which does not liave thcse techniques available.

Dr. G.S, idume, April 30, 1956.

Acting Deputy i‘inister.

liccent Lrips to Amcrican istronomical dociety, Farch 22=243
Inauyuration Cerewonies, ilarvard 60 koot lauio Telescope, A;ril 28, 19%6.

2=

ke are considering the impact of these new discoveries on the work
of our Branch and will no doubt be discussing it with you in greater
detail in the future. There are, however, one or two remarks I should
like to make in the hope of getting your reaction to them.

1. It would aopear that this is a period in history when it is neither
safe nor politc for a country like ours to fall behind others in
scientific development,

2. The continued progress of radio astronomy now seews inevitable and
if the well qualified astronomers of our Branch do not take it up
it will be done by others (e.g. the klectrical kngineering Branch of
N.K.C.) at equal or greater cost to the country and lesser profit
to asironomy.

3. While we are definitely behind other modern countries in this fast
growing branch of science this is less of adisadvantage than it might
apjear. An effort began five years zpo woula almost certainly have
loaded us up with inadequate and obsolete equipment. By starting
now when rany of the technical problems have becen solved we may well
be furtiner ancad in the lony run. ue propose to spend the nexi few
months in active stuay of instruments, techniques and costs in
order Lo be able to place ucfinite proposals before the Uepartuent,

C. S. Beala

C.5. Beals,
Dominion Astronomer



Where Should DRAO Be Built?

In March of 1957 Ed Argyle and I set out from Ottawa in
a Travelall, with some field intensity measuring equipment
which we had gathered together, to test a number of preselected
sites in British Columbia. We went by way of Greenbank and
Owens Valley, the purpose being to use the measured inter-
ference levels at these sites as a basis of comparison. We
first visited White Lake in early June and found it to be
the best of all the sites we had visited, both in terms of
interference and in convenience. At the end of June we were
joined by Nick Pattenson and George Aitken from NRC who made
additional interference measurements and propagation tests
in the 950 to 4000 MHz range. (Our own measurements were
restricted to the 55 to 950 MHz range.) The NRC results
confirmed the excellence of the site and a final decision to

locate at White Lake was made following Dr. Beals's visit to
the site in mid-July.

Jack Locke, 1% Officer in Charge
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Green Bank, West Virginia, is the original site of the U.S.
National Radio Astronomy Observatory, located in the
34,000 sq. km National Radio Quiet Zone
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March 1957 Site Testing
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June 1957 Site Testing




and on the basis of these measurements, chose a site near Penticton as being

Locke and Argyle, during April and May, measured radio noise intensities in
the 50 to 1000 mec/s band at two of the American sites: Greenbank, W.V., and Big
Pine, Cal., so that comparison might be made between Canadian and American
sites. Following this, they made preliminary measurements at several sites in
British Columbia. During July and August, the combined NRC/Observatory group
completed measurements at three of the most promising British Columbia sites

the most suitable for the Dominion Observatory telescope. Subsequent to the loca-
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PROBLEM.:

The Dominion Observatory

doesn’t have a radio astronomer
to become director of DRAOQO!

SOLUTION:
Make one!



1944-1945

Royal Canadian Navy Volunteer Reserve
Signal Corps Training as Radio Artificer
(War ended, never sent abroad.)




1945-1949: University of Toronto (Physics)
Summer 1948: Night assistant at David Dunlap Observatory
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A photographic record of the year I spent in the
tic operating the Dominion Observatory's Magnetic

Station at Resolute Bay on Cornwallis Island.

John Galt.

Midnight sun near
end of summer.
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1950-1956
University of Toronto
PhD Physics

Summer 1952

Summer student at Dominion
Astrophysical Observatory
Built photometer for Plaskett

telescope with Ed Argyle

Summer 1954

Summer student at Dominion
Astrophysical Observatory

June 29t solar eclipse expedition
to Hansen, ONT “clouded out”




1956-1957

®

The miracles of science*

Worked at Dupont for a year.

Missed research and didn’t like the company.

Applied to Leiden, Cambridge, and Jodrell Bank as a post-doctorate fellow.
Lovell said, yes, you can come to Jodrell... but we’re not sure about the
money.

Applied for Dominion Observatory radio astronomer position, was
interviewed by Beals and Locke.

Was offered the position, but observatory wasn’t ready, so Dominion paid for
John’s "postdoc" at Jodrell Bank where he was to learn the ropes of radio
astronomy before returning to Canada to be the first director of DRAO.



1958: Jodrell Bank 250-ft Telescope




NOTES

Bolton & Wild 1957 weommmmmam e iesse

FIELDS BY 21-CM ZEEMAN SPLITTING

Ap J ° 1 2 5 ° 2 5 6 Measurement of the small magnetic field believed to exist in interstellar space has so

far eluded both optical and radio techniques. However, the introduction of large radio
reflectors offers the possibility of determining longitudinal fields in localized interstellar
regions by observing the Zeeman splitting of the 21-cm line of neutral hydrogen.

In the presence of a weak magnetic field, the 21-cm line is split into three components,
of frequency (Nafe and Nelson 1948)

" w, 1420.4058 MHz
ntie 0 1.4 HZ/pG

where v is the undisplaced frequency of the line and H the longitudinal component of
the magnetic field. Numerically, the frequency difference, A, between the two ¢ com-
ponents is 2.8 Mc/s per gauss. Thus a magnetic field of 10~° gauss, such as is believed to
exist in the Galaxy, gives Av = 30 c/s.

Under normal circumstances the detection of such small shifts in the galactic emission
profiles would hardly be possible, owing to their large Doppler broadening. On the other
hand, relatively narrow profiles have been observed in absorption. Hagen, Lilley, and
McClain (1955) have reported three narrow absorption lines in the 21-cm spectrum of the
discrete source in Cassiopeia, presumably due to three individual H 1 concentrations
with different radial velocities. These lines have half-widths of about 10 k¢/s, in the cen-
ter of which the radiation is almost completely absorbed. It may reasonably be assumed
that the magnetic field is sensibly constant in direction over any one of the H 1 concen-
trations responsible for the absorption lines.

The detection of a Zeeman shift less than 1 per cent of the line width could be accom-
plished by using the radio analogue of the optical method currently employed by Bab-
cock (1953) for measuring weak solar fields. The frequency of a narrow-band receiver is
set on the edge of the line near the point of maximum steepness, and the polarization of
the antenna is switched to receive the two circular components alternately. The output
at the switching frequency is given, in units of antenna temperature, by

TaAV
I

AT =

where T, is the maximum decrease in antenna temperature of the absorption line,
Av = 2.8 X 10°H c/s is the difference in frequencies between the two ¢ components, and
w is the half-width of the absorption line, assumed of gaussian profile. Current results
indicate values of T, of the order of 1000° K if the Cassiopeia absorption lines are ob-
served with a 150-foot reflector. Hence, with u = 10 kc/s, we should expect AT = 3 X
10°H degrees. Current techniques permit the detection of AT = 1°K (H = 3 X 10~*
gauss), and instrumental improvements on this figure are likely in the future.

296

J. Paul Wild (1923-2008)



he First 21-cm Receiver for 250-ft
Built by John Galt
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AN ATTEMPT TO DETECT THE GALACTIC MAGNETIC
FIELD USING ZEEMAN SPLITTING OF THE HYDROGEN
LINE

¥ A. Galt,* C. H. Slater and W. L. H. Shuter

(Received 1959 July 1) Bill Shuter (1936-1995)

Summary

An attempt has been made to determine the strength of the galactic
magnetic field by observing the inverse Zeeman effect on the 21 cm absorption
line of neutral hydrogen. Preliminary measurements using the Cassiopeia A
radio source have shown no detectable Zeeman effect. This indicates that
the magnetic field component in the line of sight is less than 5 X 10~% oersted
at the point in the Orion spiral arm where the absorption occurs.

1. Introduction.—A general magnetic field can be postulated to explain inter-
stellar polarization of starlight, the cosmic ray spectrum, and the stability of the
spiral arm structure of the galaxy. According to Chandrasekhar and Fermi (1),
a magnetic field of the order of 7 x 10~¢ oersted may be expected although Davis
and Greenstein (2) suggest fields up to 107 oersted.

Bolton and Wild (3) have suggested that the galactic magnetic field may be
measured by observing the inverse Zeeman effect in the hyperfine structure of the
21 cm absorption spectrum of strong radio sources, using the radio analogue of
Babcock’s (4) method of measuring weak solar magnetic fields. The present
paper reports an attempt to make this measurement.

* Now at the Dominion Radio Astrophysical Observatory, Penticton, British Columbia, Canada.



188 J. A. Galt, C. H. Slater and W. L. H. Shuter Vol. 120

Maximum sensitivity will be obtained with narrow intense lines such as those
observed in the absorption spectrum of Cassiopeia A (23N5A) by Hagen, Lilley
and McClain (5) and by Muller (6). The absorption lines originate in indi-
vidual neutral hydrogen clouds of the galaxy. The narrowest of these lines, which
has a half width of about 18 ke/s and is associated with the Orion spiral arm, was
studied in this experiment.
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(C) Zeeman effect pattern obtained by subtracting the components in (B).
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Roy Hamilton John Galt Ed Argyle C. S. Beals (Dominion Astronomer)

Miriam Beals
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BACK ROW

THIRD ROW

SECOND ROW

FRONT ROY

.ARSENT WHEN PICTURE WAS TAKEN B,L.White, Dr.R.L.Velsh, J.M.Lansing

Dr.T.R.Fertz, Dr,J.L.Yen, ¥.¥.Thomson, Dr.G.0dgery
¥.Broten,- J.Grant, R.7,Tanner, Dr,¥,0,7right.

M.Pruesse, A,R,Hamilton, Dr,D,S.Heeschen, Dr,J.7,X
Dr.D.C.Rose, R.Crenzeback, Dr.J.7.Varren, Dr,R.}.(

¥iss M.,Burland, Dr.C.H.Costain, Dr.B,¥.Currie, P,
Dr,%,%helau, Dr,BR.Oke, Dr.D.E.Fogg, Nr.J.C.Noyes,

Dr.P.M.}1lman, A.E.Covington, Dr.R.M.Petrie, !Mrs.,|
Dr.H.S.Fogg, Nr.C.S.Beals,Dr.G.4.Farrover, Dr.J.F,



The 22.5 MHz Array

3
!
H

IP——————







oL,
=
=)\
=
>
S
S
-
=
S
)

Galt

1n

Costa

Bolton









Algonquin Radio Observatory

NATIONAL RESEARCH COUNCIL

ALGONQUIN RADIO OBSERVATORY

AU'I‘H'QRIZE VISITORS ONLY




“To the Edge of the Universe” (1969)

Director Cameraman GRANT CRABTREE

TO THE EDGE
OF THE UNIVERSE

Copyright by c.llfomla lnstit o of Techhology
and Cfmoglo Institute of Washington




| “7o the Edge of
the Universe”
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http://www.arocanada.com/ARO/people/John_Kenneth_Ayre.htm

19 May 1966
ARO 150-ft “First Light”

Observational Highlights from the
Algonquin Radio Observatory
1959 - 1986

< P» »l o) 003/2343

John MacLeod :: "Observational Highlights from the Algonquin Radio Observatory 1959-1986"

Workshop on the History of
Canadian Radio Astronomy
DRAO, Penticton, July 25-26, 2016

A Brief History
of the
Algonquin
150-ft / 46-m
Radio Telescope

Bob Hayward
Socorro, NM
robert.h.hayward@ gmail.com
NRC-HIA Senior Research Officer
stronomy Section (1979-1987)
JCMT Group (1987-1996)

SMTO Chief Engineer (1996-1999)
NRAO Senior Engineer (1999-2012)

Yersion : 26 July 2016
1< P »l o) 0:04/1:01:18

Bob Hayward :: "A Brief History of the Algonquin 150-ft Telescope”



ARO 150-ft / 46-m Telescope

* 19 May 1966: The Algonquin telescope be
operation. It was the largest ever built in Cana

-« It was one of the first large telescopes designed to
operate at wavelengths as short as 3 cm (10 GHz).

~ + It was the largest fully-steerable telescope in
- North America dedicated to radio astronomy until
- the 100-m Green Bank Telescope (GBT) in 2000.

* 1985: $7.9M resurfacing project approved. It
would have become one of the largest capable of
observing at 115 GHz (possibility even 230 GHz).

. * 1986: $28M cut to NRC budget. Resurfacing
. cancelled.
. 31 May 1987: Mothballed

ﬁm‘ “"",-‘ ",*/- ( b ¢ S 2
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""""

http: //Www.arocanad com/1mag/1966 Ken Site 3 _nears cmpletlon Jjpg



The Early Days of the Canadian Long
Baseline Interferometer Experiment

< P >l o) 0:19/20:19

Joseph Fletcher :: "The Canadian Long Baseline Interferometer”



Putting atomic clock on the train at Chalk River.
Joseph Fletcher wearing the tie.



John Galt and Jack Locke in the DRAQO control room



at work ...

2”9

Fringe Searchers

>>> Allen



And finally SUCCESS X

Leaving for Joint Canada/USA URSI Conference in Ottawa
at © am, Monday morning, 22 May, 1967
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Institute of Electrical and Electronics Engineers
2010 Milestone Award

IEER MILESTONE IN ELECTRICAL ENGINEERINC
AND COMPUTING e

First Radio Astronomical Observations Using‘VL.B.'_; _

On the morning of 17 April 1967, radio” astronomers used s
this radiotelescope "at DRAQ “dnd™a'second " "ona"at™ine ¥
Afgonquin Radio Observatory locatéd 3074 Km“awiay'to
make the firse successful radio “astronomical observations =
usimg Very Long Baseline Titerférometryl” Toddy,” VLBI
wetworks spam the globe, extend into space; and continue’ o

mrake significant contributions to Hoth rddio astronomy and %
geodesy,

, September 2010

\.
& IEEE

/
 The Pacemaker * The Laser
* The Integrated Circuit  The Computer
* Liquid Crystal Display  The Compact Disc

* The Internet  The Mercury Spacecraft



PLATE VII

33 mc s antenna for 20 kw meteor radar



ground
reflector

mats for
radar

antennas
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Delta Aquarid 1948
July 29
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Meteor Echoes
= “Doppler Whistlers”

0.2 SECOND-————————-.J

3

HOURLY RATES
s

No interstellar meteors

oE
10 20 3 40 S0 60 70 & 10 20 30 40 % 6 W 80 W

McKinley ( 1 9 5 1 ) VELOC|L:;1:M§£3!C. VELOCI;YA:‘oléM/SEC. m;ilf;g‘;sgg .

SOLID LINE — OBSERVED RADIO
DASHED LINE — THEORETICAL RADIO
DOTTED LINE — THEORETICAL VISVAL
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The DRAO Synthesis Telescope
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VSOP:

VLBI Space Observatory Program

S2 LLBI Correlator:
Employed VHS tapes
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CHIME

The Canadian Hydrogen Intensity Mapping Experiment is a revolutionary new Canadian radio telescope
designed to answer major questions in astrophysics & cosmology.

““““

S
SIS AL
P e T T

>

UNVEILING THE ADOLESCENT UNIVERSE

Mapping the voids between galaxies that existed 10 billion to 8 billion years ago
will reveal the rate of the Universe's expansion during this as yet unprobed period.

CHIME telescope
Inflation wilmeasure here

HE
UNIVERSITY OF

RiTiSH Y TORONTO

OLUMBIA

_anada

Bl

Yale University WestVirginiaUniversity
.h ’G

e »*

H Carnegie Mellon University \/ 7/‘

131211 10 9 8 7 6 5 4 3 2 1 O Yo B AR
Billion years ago - . rNEg':"\IA'IFJ'FE NRAO

: Expansion
. decelerating ? Expansion accelerating




CHORD

The Canadian Hydrogen Observatory and Radio-transient Detector
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A close-up of the paraboloid. | asked Dr. Galt to give
me a photograph showing him at work; this was his

contribution.
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VoOLUME 21, NUMBER 11 PHYSICAL REVIEW LETTERS 9 SEPTEMBER 1968

POSITIVE DETERMINATION OF AN INTERSTELLAR MAGNETIC FIELD BY MEASUREMENT
OF THE ZEEMAN SPLITTING OF THE 21-cm HYDROGEN LINE N

G. L. Verschuur
National Radio Astronomy Observatory,* Green Bank, West Virginia

' (Received 17 July 1968) O YVears & 2 Weeks : --_ -

Fields of the order of 2X10™° G exist in the Perseus spiral arm in the directxon of the
radio source Cassiopeia A,
July 4, 1968

200 o - , FREQUENCY wITH RESPECT TO LSR  kHz T 4
-250 -200 =150 ~-100 - 50 +50 +100 + 150 +200 +250

800 e —— e = = e + — — 1 t e

700¢F |

600 E

5C0: LBSORPTION  SPECTRUM

400+ OF CAS A .

300! Orion Arm Perseus Arm

200r

K

SYSTEM
TEMPERATURE

P ———————

+08; No field here. v v

+06-

*”" A\ f”’\/v«\/\/\f\/\’\v/ 7 ML ]
. . -\J'( . \ ]

K

'04 - Stokes V= RCP - LCP

DIFFERENCE  SPECTRUM 16.3 HOUR INTEGRATION f 20 mlcrogauss

—-O.8‘r

500 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380

CHANNEL NUMBER
FIG. 1. The absorption spectrum of Cas A, together with the difference spectrum, right-hand minus left-hand
polarization, incident on the feed representing 16.3 h of integration. Frequencies with respect to the local stan-

dard of rest are indicated. Arrowed bars represent expected peak-to-peak noise at various parts of the spectrum.



Stokes V [K]

Stokes I [K]
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21-cm Line Emission Is Everywhere.
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900-1800 MHz

World’s most sensitive
radioastronomical receiver at
1420 MHz.

* Specially outfitted with best-
performing L-band low-noise
amplifiers produced by Frank
Jiang at DAO.

I L-5AND RECEIVER ON THE MEERKAT

New Eyes

Designed for MeerKAT
telescope in South Africa, an
SKA pathfinder.




1 Spectral Line
512 Channels

b over 4 MHz
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| CHIME IceBoard
8l (Bandura et al. 2016)

1420 MHz Hydrogen Line 16,384 channels ‘SQ b2y
1612, 1665/1667, 1720 MHz Hydroxyl Lines - &

e 65,536 channels each )
40 Hydrogen Radio Recombination Lines qu
40 Helium Radio Recombination Lines &
40 Carbon Radio Recombination Lines ¥

* 40x1200= 48,000 Channels N

Bandwidth of 900 MHz = 20-fold Upgrade!
125 Spectral Lines =  125-fold Upgrade!
9,000,000 Channels = 18,000-fold Upgrade!



