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Richard Jarrell
(1946-2013)

York U. Dept of History
20+ Hours of Interviews with
20 Early Canadian Radio Astronomers.
Preparing book on CAN Radio Astronomy
at time of his passing.



Surveying



Keeping Time

McGill College 
Observatory

Quebec
Observatory

Dominion
Observatory

“Now, the National Research Council time signal. 
The beginning of the long dash following ten seconds of 
silence indicates exactly one o'clock, Eastern Standard Time.”



1918: Plaskett Telescope Opens 
at Dominion Astrophysical 
Observatory in Victoria

John Stanley Plaskett 
(1865-1941)



Karl Jansky (1905-1950)
Bell Telephone Labs
Holmdel, New Jersey
7:10PM Sep 16, 1932



New York Times
May 5, 1933



NRC Radio Field Station in Ottawa, 1943



First observation of the Sun: 26 July 1946

Canada’s First Radio Telescope (48”)



Arthur Edwin Covington (1913-2001) 



Solar Eclipse: 23 November 1946

1.5 million K sunspot



Peter M. Millman (1906-1990)

                         &
 
            Donald R. W. McKinley (1912-1984) 



ground 
reflector 
mats for 

radar 
antennas   

NRC 
Springhill 
Meteor 
Observatory

Delta Aquarid 1948 
July 29



Meteor Echoes
= “Doppler Whistlers”

No interstellar meteors

McKinley (1951)



22 June 1949: 
The American Astronomical Society meets in Ottawa.

Grote Reber (1911-2002) visits the 10.7-cm radiometer 
at the Goth Hill Solar Noise Observatory.

Photo Credit: Grote Reber

1937



Goth Hill Observatory in Ottawa



Norm Broten (1921-2015) and the Goth Hill 10-ft Dish



Calibration Horn Antenna

…still in use at DRAO!

At Goth Hill...



…operated until 1970.



…operated until 1970.



Gladys A. Harvey (1916-1995)
• The First Canadian Woman Radio Astronomer
• 1937 BA Math & Physics at McMaster
• 1938 MA Math at McMaster
• Worked at NRC Radio and Elec. Eng. Division in Ottawa.
• Started at Goth Hill in March 1948.
• Member of NRC Solar Patrol for 20 years.
• Wrote sole-author Astrophysical Journal paper correlating radio 

bursts to solar flares in 1964.

Photo Credits: Heather Harvey



10.7-cm Solar Flux Monitoring Program

Ken Tapping

• Started Feb. 1947 in Ottawa.

• Moved to ARO and DRAO 
in early 1960s.

• Continues today at DRAO…

ARO

DRAO



1945:
Henk van de Hulst predicts atomic
hydrogen in space should emit
radio waves at 1420.4058 MHz, or
21 cm.

The 21-cm Line

Wavelength = 21 cm

Hydrogen
Atom

Hendrick C. van de Hulst (1918-2000)



“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



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 
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
interferometer at

Dover Heights, Sydney



Ralph E. Williamson (1917-1982)

U of T Notes taken by Vic Gaizauskas 
from Williamson’s April 1951 Lectures on Radio Astronomy

John Bolton (1922-1993) 
from CSIRO in Australia 
gave seminar at U of T on 

radio astronomy in 
November 1950.



1956: Jack Locke arranges a 6-part colloquium series 
at Dominion Observatory in Ottawa on radio 

astronomy. 

Dominion Astronomer
C.S. Beals sees 
John Bolton speak
about radio 
astronomy at 
March 1956 AAS 
Meeting in 
Columbus, OH 

Dominion Astronomer C.S. Beals invites 
Bolton (now at Caltech) to Ottawa to give a 
colloquium on radio astronomy.

Jack Locke (1921-2010)

C.S. Beals (1899-1979) 

John Bolton (1922-1993)



“In the summer of 1956, when Helen Hogg
came through Ottawa, a meeting was 
called with McKinley, Beals, Harrison (in 
place of Parsons), and myself to discuss the 
future of Canadian radio astronomy.”

65 Years Ago

Arthur Covington 
1990 Interview

with
Richard Jarrell

Arthur Covington 
Helen Sawyer Hogg 
(1905-1993)



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.

The 21-cm Line

Wavelength = 21 cm

Hydrogen
Atom

Hendrick C. van de Hulst (1918-2000)



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
window of Lyman Hall at Harvard.

The 21-cm Line



April 28, 1956
Harvard, Massachusetts



Carlyle Smith Beals
(1899-1979) 



Where Should DRAO Be Built?

Jack Locke (1921-2010)
1st Officer in Charge



Green Bank

Ottawa



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



March 1957 Site Testing



March 1957 Site Testing



Ottawa

Green Bank
Owens Valley

Vancouver
Island

Penticton



June 1957 Site Testing





PROBLEM:
The Dominion Observatory 
doesn’t have a radio astronomer
to become director of DRAO!

SOLUTION:
Make one!



1944-1945
Royal Canadian Navy Volunteer Reserve 
Signal Corps Training as Radio Artificer 

(War ended, never sent abroad.)

John Galt



1945-1949: University of Toronto (Physics)
Summer 1948: Night assistant at David Dunlap Observatory





1949-1950



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 29th solar eclipse expedition 

to Hansen, ONT “clouded out”



1956-1957

• 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 



Bolton & Wild 1957
ApJ, 125, 256

1420.4058 MHz
1.4 Hz/μG

John G. Bolton (1922-1993)

J. Paul Wild (1923-2008)



The First 21-cm Zeeman Receiver
Built by John Galt







Bill Shuter (1936-1995)



21-cm
Absorption
Line

IEEE
Right
Circular
Polarization

IEEE
Left

Circular
Polarization

Stokes V = RCP - LCP

This is the fingerprint
of the Zeeman effect.
If we see this, we can
extract the magnetic
field strength and
direction in the hydrogen
cloud!!!

Frequency



Magnetic Field Limit = 38 microgauss



April 15, 1966



February 1959: 26-m Arrives





February 1959: 26-m Arrives

















CHIME:
$17M CAD



The 22.5 MHz Array

1698 Telephone Poles





Credit: John Shakeshaft

Carman Costain (1932-1989): 1st Canadian to earn Ph.D. in Radio Astronomy



September 1965
Carman Costain

Martin Ryle



Bolton Costain Galt

January 1965





Algonquin Radio Observatory



ARO Solar Interferometer
Forty 3-m dishes 
along a 1 km E-W baseline

Gladys A. Harvey     



The Construction of the 
150-ft Telecope in the Media

Canada to Build Giant Telescope, Ottawa Citizen, Aug, 30, 1960, p35 
NRC Telescope Tender Bid - Decision Soon, Ottawa Citizen, Oct 13, 1962, p38

30 Aug 1960 

       Ottawa Citizen Newspapers

13 Oct 1960 77

$16M CAD 2018



“To the Edge of the Universe” (1969)



“To the Edge of 
the Universe”

Construction of Ribs



80

19 May 1966 
ARO 150-ft “First Light”

http://www.arocanada.com/ARO/people/John_Kenneth_Ayre.htm



Introduction : ARO 150-ft / 46-m Telescope

http://www.arocanada.com/images/1966_Ken_Site_3_nears_completion.jpg 81

c.1966

• The Algonquin telescope began operation in May
1966. It was the largest ever built in Canada.

• 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.

• Had plans for its resurfacing gone forward, it
would have become one of the largest capable of
observing at 115 GHz (possibility even 230 GHz).

• Alas, in 1986, when the refurbishment project was
cancelled, it became the first major national
facility ever to face being put into mothballs.





Putting a clock on the train at Chalk River
Joe Fletcher wearing the tie



John Galt and Jack Locke in the DRAO control room





Leaving Algonquin at 6 a.m. for Ottawa to
describe the discovery at the URSI Congress

May 22, 1967





American Academy of Arts and Sciences
1971 Rumford Prize



• The Pacemaker
• The Integrated Circuit
• Liquid Crystal Display
• The Internet

• The Laser
• The Computer
• The Compact Disc
• The Mercury Spacecraft

Institute of Electrical and Electronics Engineers
2010 Milestone Award



Aperture Synthesis

As the Earth rotates, we synthesize or fill in 
an aperture equivalent to a dish that's 
hundreds of meters across.

This allows us to see very sharp details.

Sir Martin Ryle, 1961
1974 Nobel Prize



The DRAO Synthesis Telescope



What can this synthesis telescope do for our pictures of space?

This is an image of radio waves from hydrogen gas between the stars.



The Canadian 
Galactic Plane Survey



Published as of 2001: 27 pulsars, 40 EGS

Open symbols =  -RM
Filled symbols = +RM

Faraday Rotation Measure 
Sources in the CGPS…



…with the latest data (2015).

>1500 new RM sources in the CGPS region!

Open symbols =  -RM
Filled symbols = +RM



Queen’s Radio Observatory: A Canadian Training Ground

1962-75
Vic Hughes, 
George Harrower,
Alan Bridle
supervised 20+ grad theses

Phil Kronberg Bill McCutcheon



James Clerk Maxwell Telescope (JCMT) 
Canada Gets into Star Formation 

SCUBA-2

ACSIS:
Spectral

Line
Backend



VSOP: 
VLBI Space Observatory Program

S2 LBI Correlator: 
Employed VHS tapes



WIDAR





UBC



Fast Radio Bursts









A Workshop Celebrating the Career of John A. Galt

September 22-23, 2015



John Galt's legacy continues on at the DRAO.

We plan to map 21-cm Zeeman splitting throughout 
the Milky Way with the 26-m.





Ten years go by at Jodrell 
Bank with thousands of 
hours of telescope time spent
looking for 21-cm Zeeman 
effect.
No detections.

Meanwhile, Sandy Weinreb 
uses NRAO 85-ft in Green 
Bank to look for 21-cm 
Zeeman effect.
No detections.

Meanwhile, a Caltech group 
at Owens Valley looks for 21-
cm Zeeman effect.
No detections. 

Rod Davies
(1930-2015)



Cas A



The Zeeman Effect

40 Hydrogen Radio Recombination Lines
40 Helium Radio Recombination Lines
40 Carbon Radio Recombination Lines

1420 MHz Hydrogen Line
a.k.a. “The 21-cm Line” 

1612, 1665/1667, 1720 MHz 
Hydroxyl Lines

Magnetic fields leave a fingerprint on the circular polarization of certain 
spectral lines from interstellar gas.  Radio spectral lines from 800-1800 MHz:

RCP - LCP

OH masers are so narrow, they can be 
fully split and yield total B field.



Orion Arm Perseus Arm

July 4, 1968

9 Years & 2 Weeks

No field here.

20 microgauss
Stokes V = RCP - LCP



The Orion Molecular Cloud Complex

Heiles 1997

Hat Creek 85 ft

9 years of Zeeman data 



27

73

52

60

217

1987 to 1997:

Total = 429 positions



Magnetic Fields Measured in 400+ positions



January 23, 1993



The GBT
100 meter

Hat Creek
26 meter

3 hours

1989 2005





The GBT
Beam Squint

1”

Arecibo

3”



JVLA Full Mueller A-Projection

Aperture Real Aperture Imag

Preshanth Jagannathan (NRAO)



Velocity 
Gradient

Beam Squint

…aligned with….

velocity

Stokes I

Stokes V

produces a Stokes V response
that has the exact signature of
Zeeman splitting! 

To estimate instrumental
contribution we need to know:
(1) Map of beam squint pattern.
(2) Stokes I spectral line cube
      in vicinity of source.

+

-



Troland & Heiles (1982)
“We have been unable to 

discover why these 
polarization-sensitive 

differences exist.”

48°







Ground and Hills

Scattering Cones 
from Feed Legs

Spillover around Primary



New Eyes
• 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.

Designed for MeerKAT 
telescope in South Africa, an 

SKA pathfinder.

900-1800 MHz



The New Brain 

• 1420 MHz Hydrogen Line 16,384 channels
• 1612, 1665/1667, 1720 MHz Hydroxyl Lines
• 65,536 channels each

• 40 Hydrogen Radio Recombination Lines
• 40 Helium Radio Recombination Lines
• 40 Carbon Radio Recombination Lines
• 40 x 1200 =  48,000 Channels

9,000,000 Channels = 18,000-fold Upgrade! 
125 Spectral Lines =      125-fold Upgrade! 

Bandwidth of 900 MHz =        20-fold Upgrade! 
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CHIME IceBoard 
(Bandura et al. 2016)


