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This is not the story of which Radio Interferometer 

was the 1st to be intentionally used to carry out 

Radio Astronomy measurements.

Rather, it is the story of the Radio Interferometer that 

was the 1st to have detected an Astronomical Source.
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So what do the “textbooks” on the 

History of Radio Astronomy have to say ? 

(not that there are all that many textbooks since 

radio astronomy, at ~80 years old, is such a young science)



The First Interferometer
Specifically intended for

Radio Astronomy 

was the Australian 

Sea (Cliff) Interferometer
The "Sea Interferometer" uses a single 

aerial in which the reflection off the 
water forms the 2nd element 

of the interferometer.

The technique was developed in 1946 
by Joe Pawsey, Ruby Payne-Scott 

and Lindsay McCready
of the Radiophysics Laboratory of the 

Commonwealth Scientific and Industrial 
Research Organisation (CSIRO).

They used a WWII ShD–200 MHz  
Shore Defense Radar located at the 
Dover Heights radar station near 

Sydney, Australia, to make the first 
interferometric measurements of an 
astronomical object - the Sun – at 

sunrise on Feb 7th 1946.

1946

3
http://en.wikipedia.org/wiki/List_of_surviving_veterans_of_World_War_I

Under the Radar – The First Woman in Radio Astronomy, M. Goss, Springer, 2010, p.99



The 2nd was 

Martin Ryle’s at the 

Cavendish Lab, UK

Cosmic Noise: A History of Early Radio Astronomy, 
W.T. Sullivan, Cambridge University Press, 2009

Search and Research – Professors Ryle, Kurti and Boyd, 
J.P. Wilson, editor, Mullard House, 1971

Solar Radiation on 175 Mc./s., M. Ryle & D. Vonberg, 
Nature, 158, 1946, p.339-340

1946

First (2-element) Interferometer detected 
the Sun at 175 MHz on July 17th 1946 

2nd Interferometer, 80 MHz, Dec 1946 

East
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Ryle’s House



Replace this with…

Adapted from Instrumental Techniques in Radio Astronomy, Johan Hamaker, Dwingeloo, NL  ;  http://www.astron.nl/%7Ehamaker/les4.ps

Ideal Large

Single Dish

Small, Affordable

Single Dish
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Steer Beam by…

…adjusting phases

Filled

Tied Array
Steer Beam by…

…adjusting phases

From Single Dish to Beamformer
Arrays to Aperture Synthesis - 1

Astronomers like big dishes:

Large collecting area  

improves sensitivity

Large aperture improves  

spatial resolution.

Voltage signals summed in a    

beamformer before the detector.

Square-Law

Detector

SIZE DOES MATTER  !!!
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Can use splitters on each antenna output to 
allow for multiple beamformers. 

Adapted from Instrumental Techniques in Radio Astronomy, Johan Hamaker, Dwingeloo, NL  ;  http://www.astron.nl/%7Ehamaker/les4.ps

Filled
Tied Array

Grating
Tied Array

Correlation
Interferometer

The beam pattern has grating lobes which are 
always present and can lead to source confusion  
(e.g., the early Cambridge 1C & 2C catalogs). 

A correlator generates the cross 
products of  the signals  

between each pair of elements.
Each of these fringe visibilities 

is one component of the Fourier 
Transform of the spatial 

distribution of the brightness 
function of the observed object.

Visibility Aperture 

is built up as the Earth rotates

From Single Dish to Beamformer
Arrays to Aperture Synthesis - 2



Beamforming vs. Aperture Synthesis Interferometers
• The early radio interferometers were essentially

multi-element (usually 2) beamformer arrays
that were phased up as “transit” instruments.
– These simple “beamformers” can improve their

directionality by controlling the phase and amplitude
of the wavefront incident on the array. The signals
from the receiving elements were combined in such a
way that those from particular angles experienced
constructive interference while others experience
destructive interference.

• The spatial aspects (i.e., shape, size, position
angle, etc.) of the astronomical objects were
analyzed from their fringes.

7Radio Astronomy, J. Kraus, McGraw-Hill Inc., 1966, p.175

Point Source

Extended Source

Illumination Pattern of a
2-Element Interferometer 

• The use of interferometers to do true imaging at radio wavelengths didn’t occur until
Martin Ryle developed the concept of aperture synthesis at the University of Cambridge.

• During the late 1960s and early 1970s, as computers became capable of handling the
computationally intensive Fourier transform, they used aperture synthesis to create the
One Mile Telescope.

• Ryle was awarded the Nobel Prize in Physics in 1974 for his contribution.
– Strangely enough, even in the early 1980s, Ryle didn’t believe accurate interferometry could be done

at frequencies above 10 GHz on baselines greater than 5 km (hence the size of Cambridge’s last
array, the Five Kilometer Telescope).

– Fortunately “self-calibration”, CLEAN and various other computational intensive deconvolution
algorithms made it possible to create useful images from sparse & irregular baseline datasets.

– Modern interferometers, such as the VLA, VLBA, WRST, MERLIN, GMRT, ATCA, KAT-7,
ASKAP, etc, require powerful image processing computers.



Cosmic Noise: A History of Early Radio Astronomy, 
W.T. Sullivan, Cambridge University Press, 2009 8

What about the First 

American 

Radio Interferometer…

by Merle Tuve (Carnegie Institution of Washington)



But there is More to the Story of the 

First Radio Interferometer…

• The 1946 Australian and British telescopes may

have been the first interferometers designed and

utilized to explicitly carry out radio astronomy…

• …but neither of them were actually the first

interferometer to detect an astronomical source at

radio wavelengths.

• This was done - albeit accidently - in the United

States over a decade earlier by the Bell Labs

Experimental MUSA.
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While researching the MAR-I (which was a 2077-
element 2-D filled array designed by Bell Labs)    

and its role in the Colgate Paramp story (which is 
another oddball tale in the history of radio 

astronomy), I came across this book...

Where I “Discovered” the MUSA

History of Engineering & Science in the Bell System – Communication Sciences, S. Millman, AT&T Customer Information Center, 1984, p. 202-20310

Nike-X Prototype Multifunction Array Radar
(MAR-I) White Sands, NM (1964)

7 volumes with nearly 5,000 pages



Karl Jansky & “Star Static”

• Karl Jansky joined Bell Labs in 1928.

• He was assigned to investigate sources of
atmospheric static that might interfere
with short-wave (3-30 MHz) radio links
that were being used for transatlantic
telephone communications.

• While listening for the noise coming
from thunderstorms, he discovered…

“noise of extraterrestrial origin”

• He was to refer to it in his published
papers as “star static”.

• His famous - albeit serendipitous -
discovery was made in 1932.

• Karl Jansky is now recognized as the
Father of Radio Astronomy.

Classics in Radio Astronomy, W.T. Sullivan, D. Reildel Publishing Company, 1982, p. Frontispiece

Karl Jansky with his antenna

1932
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Jansky’s Antenna

Directional Studies of Atmospherics at High Frequencies, K.G. Jansky, Proc. of the IRE, Vol. 20, No. 12, Dec. 32, p. 1920

Frequency

14.6 meters
or

20.5 MHz

Azimuth

BW ~40°
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Jansky’s Receiver

Directional Studies of Atmospherics at High Frequencies, K.G. Jansky, Proc. of the IRE, Vol. 20, No. 12, Dec. 32, p. 1920

While Jansky’s equipment was 

very primitive by today’s 

standards, it was still up to the task 

for discovering “star static”.
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1930’s “Block Diagram”

(every symbol is a block)



Jansky, Bell Labs & 

Radio Telephony 

• The rotating aerial that Jansky
had used for his study of the
causes of static interference on
short-wave telephony was a
state-of-the-art direction finding
instrument for its time.

• Known as a Bruce Array, it had
been developed at Bell Labs by
Edmond Bruce.

http://www.nrao.edu/whatisra/images/jansky1.gif

• It was 95-ft long and was a mass of wooden beams supporting a series of metal
tubes. The structure was mounted on 4 Ford truck wheels for ease of rotation.

• In 1929, Jansky had initially erected his antenna in Cliffwood, NJ.

• A year later, it was disassembled and moved 10 miles south to the new Bell
Radio Research Laboratory at Holmdel, NJ.

• Jansky’s antenna, while useful for investigating static interference, was not
appropriate for studying the most troublesome problem with short-waves
telephone links – that of signal fading.

• This is where Harald Friis entered the picture with his design of the first
electronically steered phased-array.

Karl Jansky & his “merry-go-round”  antenna
at Holmdel, NJ, in 1933 
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History of Transatlantic Telephone Communications
• The first successful underwater telegraph cable across the Atlantic was put into

operation in 1866. Communication was done using Morse Code.

• Wireless telegraphy, which meant “Morse code transmitted with Hertzian waves”, was
used during the 1887 to 1920 period (before the term radio came into use).

• In the 1920s, Radio Telephony began to displace Radio Telegraphy.

•

• The first transatlantic telephone cable (TAT-1) system, linking Newfoundland and
Scotland, was inaugurated on September 1956.
– The coaxial cable carried 48 telephone channels.

– The total cost was about £120M. It was retired in 1978

• The first geostationary satellite for telecommunications over the Atlantic Ocean was
Early Bird Intelsat I, which was launched on April 6, 1965.
– It could handle 240 telephone channels (or one TV channel)

– Operated by AT&T while Bell Labs built the satellite & the US ground station.

– Today’s satellites can handle 100’s of TV channels & 100,000’s of telephone calls.

• The first fiber optic transatlantic telephone cable, TAT-8, went into operation in 1988.
– It carried 40,000 channels.

– The system was built at a cost of US$335M. It was retired in 2002.

– There are now about a dozen high capacity FO cables across the North Atlantic.

• During the period of interest for this story - the 1930s, WWII and into the 1950s - the
shortwave radio circuit was the only method available for making a transatlantic
telephone call.
– The poor reliability of HF radio links posed many problems.
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http://en.wikipedia.org/wiki/Wireless_telegraphy 
http://en.wikipedia.org/wiki/Transatlantic_communications_cable

http://en.wikipedia.org/wiki/Communications_satellite



The Holmdel, NJ

Experimental MUSA

16



Short Wave Radio Communication 

& the MUSA Concept

Deviations of Short Radio Waves from the London-New York Great-Circle Path, C.B. Feldman, Proceedings of the IRE, Oct 1939, 635-645

Researches in Radio Telephony, R. Bown, Journal of the Institution of Electrical Engineers, Sept 1938, p. 395-402 

• Beginning in the mid 1920s,
transatlantic telephony was done
using “Short-Wave” (3-30 MHz)
radio links.

• Bell Labs devoted a large amount
of resources to make these systems
as reliable as possible.

• Since short-waves bounce between
the earth and the ionosphere,
signals can arrive at the receiving
station from multiple elevation
angles. If they arrive out of phase,
the multipath transmission can
cause fading.

• What was needed was an antenna
with better vertical directivity & a
steerable beam. For these reasons,
Bell Labs developed the MUSA.

17



Multiple

Unit

Steerable

Antenna

A Multiple Unit Steerable Antenna for 
Short-wave Reception,  H.T. Friis & 
C.B. Feldman,  Proceedings of the 

Institute of Radio Engineers, Vol. 25, 
No. 7, July 1937, p. 841-917

3/4-mile• Designed by C. Feldman & 
H. Friis (Jansky’s boss) for 
investigating the angles of 
arrival of radio signals

• 5-20 MHz “Short Waves”

• Consisted of 6 Rhombic 
Antennas over ¾ mile long

• Had an electronically 
steerable beam in elevation 
from about 10° to 65°

• Width of beam
– 9.5 MHz was 16°x4°

– 18.6 MHz was 11°x3°

• The experimental MUSA 
had three independently 
steerable beams

6 Rhombic Antennas

Terminal Building
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To England

Steerable in 

Elevation

M

U

S

A



The Rhombic 

Antenna
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http://encyclopedia2.thefreedictionary.com/Poetic+rhyme
http://tf4m.com/rhombic-art-2/  ; 

http://jproc.ca/rrp/rrp2/coverdale.html

The rhombic was a HF broadband directional aerial
invented by Edmond Bruce & Harald Friis in 1930.
It has several advantages over other HF antennas,
such as simplicity, low cost, high forward gain and
wide frequency range .



Researches in Radio Telephony, R. Bown, Journal of the Institution of Electrical Engineers, Sept 1938, p. 395-402 

Bell Labs Experimental MUSA at Holmdel
Simplified Diagram

Audio signals on Branches A & B 
are combined together to help 
improve the signal-to-noise, 

after compensating for any delay 
between the two to prevent fading.

Branch C continuously 
sweeps through the full 
elevation range looking 

for the two strongest 
peaks on which to center 

Branch A & B. 

3
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6 Rhombic 
Antennas
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MUSA 

from the Outside

The Musa From the Outside, L.R. Lowry, 
Bell Laboratories Record, Vol. 16, No. 6, Feb. 1938, p. 203 6



A Multiple Unit 

Steerable Antenna for 

Short-wave Reception, 

H.T. Friis & 

C.B. Feldman, 

Proceedings of the 

Institute of Radio 

Engineers, Vol. 25, No. 

7, July 1937, 841-917

MUSA

from 

the 

Inside
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MUSA Phase Shifter

A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. Friis & C.B. Feldman, 

Proceedings of the Institute of Radio Engineers, Vol. 25, No. 7, July 1937, 841-917 23



MUSA Antenna Inputs 

& Rack Rear View 

A Multiple Unit Steerable Antenna for Short-wave Reception, 

H.T. Friis & C.B. Feldman,  Proceedings of the Institute of 

Radio Engineers, Vol. 25, No. 7, July 1937, 841-917 24



The 

Electronic

Steerable 

Antenna 

Array 

Concept

A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. Friis & C.B. Feldman, 
Proceedings of the Institute of Radio Engineers, Vol. 25, No. 7, July 1937, 841-917



MUSA

Array

Pattern

Analysis

A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. 

Friis & C.B. Feldman,  Proceedings of the Institute of Radio 

Engineers, Vol. 25, No. 7, July 1937, 841-917



A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. Friis & C.B. Feldman, Proceedings of the IRE, Vol. 25, No. 7, July 1937, 841-917

18 MHz 12 MHz 9 MHz 6 MHz

Vertical Directional Patterns of the Experimental MUSA 
Elevation Angle vs. Wavelength & Phase Delay
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Tapering of the MUSA Array

A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. Friis & C.B. Feldman, 

Proceedings of the Institute of Radio Engineers, Vol. 25, No. 7, July 1937, 841-917



MUSA & the Detection of Jansky’s
Star Static at 9.5 & 18.6 MHz in 1935

A Multiple Unit Steerable Antenna for Short-wave Reception, 
H.T. Friis & C.B. Feldman,  Proceedings of the Institute of Radio Engineers, Vol. 25, No. 7, July 1937, 841-917

1937

Reference 

to Jansky’s

first paper

in radio

astronomy.29



MUSA 

&

Star

Static

A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. Friis & C.B. Feldman,  Proc of the IRE, Vol. 25, No. 7, July 1937, 841-917

So what exactly 

was this 

“Star Static”?

It would remain 

unknown for a 

nearly a decade

until Grote Reber

analyzed the 

MUSA data taken 

by Friis & Feldman 

and deduced what 

the source really 

was… 

1937

30



The Experimental MUSA and its 

Impact on Radio Astronomy.

A Chronological Survey of some of the 

Papers in the Astronomical Literature… 

31



Grote Reber & Cosmic Static

Reber’s 1944 Radio Sky at 1.9m

• Grote Reber, a radio engineer & avid radio amateur, had read

Jansky's articles. By 1938, he had constructed a 31-foot

parabolic dish in his back yard in Wheaton, IL, and had

begun his own observations of the celestial sky.

• Drift scans at both 9-cm & 33-cm produced negative results, so

he built a new 1.9-m receiver. In April 1939 he found what he

termed cosmic static from the center of the Milky Way.

• He then embarked on the first survey of the radio sky in 1941.

• Reber worked by day designing radio receivers at a factory in

nearby Chicago. Taking the train was an hour each way. After

supper he slept until midnight, and then sat in his basement

and recorded the output meter readings of his receiver at one

minute intervals until he left for work the next morning.

• By 1941 he had purchased an automatic strip chart recorder.

• Reber is considered to be the world’s first radio astronomer.

http://www.bigear.org/CSMO/HTML/CS13/cs13p14.htm

Grote Reber : A Radio Astronomy Pioneer, K. I. Kellermann, in 
The New Astronomy - A Meeting to Honor Woody Sullivan on 

his 60th Birthday, edited by W. Orchiston, Springer, 2005 

1939
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References to the 

MUSA Detection in the 

Scientific Literature

Cosmic Static, G. Reber, Proceedings of the Institute 
of Radio Engineers, Vol. 28, 1940, p 68-70

1940a
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Interpretation of Radio Radiation from the Milky Way, 
C. Hard Townes, Astrophysical Journal, 

Vol. 105, 1947, p.235
http://en.wikipedia.org/wiki/Charles_Townes

http://isi.ssl.berkeley.edu/ISI_overview.ppt

1947a

American physicist who won the Nobel 
Prize in 1964 for his work in quantum 
electronics leading to the development 
of the maser and laser. He also carried 

out research in radio and IR astronomy. 

34

Townes (at 97) 
inspecting his  

Infrared Spatial 
Interferometer (ISI) 

on Mt. Wilson.  



Interpretation of Radio Radiation from the Milky Way, C. Hard Townes, Astrophysical Journal, 1947, vol. 105, p.235

1947a

35



Radio-Frequency Investigations of Astronomical Interest, G. Reber & J. Greenstein, The Observatory, Vol. 67, 1947, p. 15-26 
Early Years of Radio Astronomy in the U.S., B.F. Burke, in Radio Astronomy from Karl Jansky to Microjansky, L.I. Gurvits, S. Frey & S. Rawlings (eds),  2005

1947b

Yerkes, and later 
Caltech, astronomer, 
who in 1953 was the 

chairman of the NSF’s 
Advisory Committee 
on Astronomy which 

began the process that 
would lead to the 

creation of  the NRAO. 

In 1971 he chaired  the 
NSF panel that 

recommended that the 
VLA was a project 
"of the very highest 

urgency and priority." 
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Radio-Frequency Investigations of Astronomical Interest, G. Reber & J. Greenstein, The Observatory, Vol. 67, 1947, p. 15-26 

For thermal radiation, the signal strength should decrease at lower frequencies. 

Instead it was found that the signals were far too strong, implying a "non-thermal" process must be at work.
The MUSA’s low-frequency, narrow-beam measurements were important data points.

The theory of Synchrotron Emission  was not proposed until the early 1950’s.

1947b
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1948a

The Present Status of Microwave Astronomy, R.E. Williamson, JRASC, Vol. 42, 1948, p. 9-32
http://rasc.ca/content/re-williamson  ; http://www.astro.utoronto.ca/AALibrary/doings/DDDoings_v9n2_1976.pdf

Ralph Willliamson received his 
PhD (1943) in Chicago under 

Chandrasekhar. He was inspired to 
enter the field of radio astronomy 

after hearing Grote Reber
speak at a seminar. 

He spent time in Ithaca, NY, 
helping Charles Seeger found the 
Cornell Radio Observatory before 

joining the David Dunlap 
Observatory in 1946 as the 
department’s first theorist, 

He wrote the first radio astronomy 
paper from the Univ of Toronto in 

1948, “The Present Status of 
Microwave Astronomy”

(JRASC,42,9).  
In 1953 he accepted a job at Los 

Alamos Labs & never contributed 
to the field again. He died in 1982.



1949

F
re

q
  

One of the pioneers of radio 
astronomy, James Stanley Hey 
was a radar  researcher during 
WWII and was responsible for 

3 major early discoveries. 

He detected radiation from the 
sun; he discovered  that 

meteor trails produce radar 
echoes (thus starting a new era 
in meteor research) & he was 
the first to localize a discrete 

radio source (Cygnus A). 

In the early 1960’s at the 
Royal Radar Establishment 

near Malvern he built a 
variable spacing 

interferometer  using two 25m 
reflectors on mobile mounts 

providing baselines of up to 1 
km with an accuracy of  up to 
1”, a major achievement at the 

time. 

In 1973 he wrote, “The 
Evolution of Radio Astronomy“ 

(the 1st book I ever read 
on the subject). 

He retired in 1969 and died 
in 2000 at the age of 91.

Reports on the Progress of Astronomy – Radio Astronomy, J.S. Hey, MNRAS,  Vol. 109, 1949, p.179-214
http://www.galaxypix.com/people/people.htm?3

http://rsbm.royalsocietypublishing.org/content/48/167.full.pdf+html
http://profiles.nlm.nih.gov/ps/access/BBAPRT.pdf



1950

F
re

q
  

After WWII, John Bolton did 
pioneering work with the sea cliff 
interferometer at CSIRO. In 1955 
he led the effort at Caltech to build 
the Owens Valley Radio Observatory. 
Returning to Australia in 1961, he 
became the Director of the Parkes

Observatory. He died in 1993. 

Galactic Radiation at Radio Frequencies. III. Galactic Structure, J.G. Bolton & K.C. Westfold, 
Australian Journal of Scientific Research, Vol. 3, 1950, p.251

http://www.phys-astro.sonoma.edu/brucemedalists/bolton/index.html
http://www.adm.monash.edu.au/records-archives/archives/emeritus/emeritus-80-89.html

Keith Westford joined the CSIRO in 1949 
as a theorist in Radiophysics. In 1961, at 
the Monash University in Melbourne, he 

setup a successful theoretical astrophysics 
group. He died in 2001.



1951

The Origin of Galactic Radio-Frequency Radiation, J.H. Piddington, MNRAS, Vol. 111, 1951, p.45-63
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=04065265

http://www.eoas.info/biogs/P000711b.htm
http://csiropedia.csiro.au/display/CSIROpedia/Piddington%2C+Jack+Hobart

John Hobart Piddington was 
born in Australia in 1910. 

He carried out research on the 
reflection of radio waves by the 
ionosphere and troposphere at 
the Univ. of Cambridge and was 

awarded a PhD in 1938. 
During WWII he played a 
leading role in the secret 

development of Australian 
radar defenses at Sydney 

University and then at  the 
Radiophysics Lab of CSIRO. 
From 1945 to 1947, he was 

engaged in the development of 
the Australian version of 

Distance Measuring Equipment 
(DME) for civilian aviation. 

In 1947, he became interested in 
radio astronomy and helped 

contributed to Australia's 
leadership role in this emerging 
field of science. In 1956 he gave 
up observational astronomy to 

concentrate on 
theoretical astrophysics.  

He died in 1997.



Radio Astronomy, R. Reber, presented by J. Kraus, American Academy of Arts & Science Symposium, Dec 26, 1953
http://jump.cv.nrao.edu/dbtw-wpd/Textbase/Documents/grgnp12261953.pdf

1953



1954

Charles Higgins worked 
closely with Shain at 
Hornsby and Fleurs. 

He later became interested 
in Solar radio astronomy.  

Alexander Shain was born 
in 1922. He received a BSc

from the Univ of 
Melbourne and  joined the 

CSIR in 1943. 
During WWII he worked 
on radar. In the post-war 
years at Radiophysics he 

championed low frequency 
radio astronomy, first at 
the Hornsby Valley Field 

Station and later at Fleurs, 
where, two years after the 
Mills Cross was completed, 

the Shain Cross became 
operational in 1956. 

This new cross, consisting 
of a series of dipoles on ~1 

km long N-S and E-W 
arms, worked at a 

frequency of 19.7 MHz & 
had a beam width of 1.4º. 
It was used to survey of 
the galactic plane, map 

Centaurus A and monitor 
radio bursts from Jupiter. 
When Shain died in 1960, 

Australia lost one of its 
pioneers, and its leading 
authority on decametric

radio emission. 

Observations of Cosmic Noise at 9.15 Mc/s, C.S. Higgins & C.A. Shain, Australian Journal of Physics, vol. 7, 1954, p.460
http://www.atnf.csiro.au/news/newsletter/feb05/Shame_about_Shain.htm  ; http://arxiv.org/ftp/arxiv/papers/1012/1012.5137.pdf



The Distribution of Cosmic Radio Background Radiation, H.C. Ko, Proc. of the IRE, 1958
http://www2.ece.ohio-state.edu/~hemami/xper8.pdf  ; Contributors, IEEE Trans on Military Electronics, Vol 8 , Iss 3, 1964, p. 299 

http://www.panoramio.com/photo/55520888?source=wapi&referrer=kh.google.com

US-BTL MUSA‘37

F
re

q
  

France‘55

NL 1956

France 1942

Germ-Stockert ‘56

France 1952

NL 1956

1958

Hsien Ching Ko was born in 
Formosa in 1928. He received 
his PhD from the Ohio State 
University in1955. In 1952 he 

joined the staff of the Ohio 
State Radio Observatory and 

later became Professor of Elec. 
Engineering & Astronomy. 

He worked on various research 
problems in radio astronomy 
and radio physics, including 
cosmic radio emission, radio 
star scintillation, theory of 

radiation, and the development 
of antennas and receivers for 

radio astronomy.

UK-Admiralty ‘46
UK-RRDE 1946

UK-RRDE ‘48
UK-Cambridge‘55

UK-JBO ‘53

Aust CSIRO 1954

Australia 1956

Aust-CSIRO 1954
Aust-CSIRO 1957

Aust-CSIRO 1956

Aust-CSIRO 1956
Aust-CSIRO 1950

Aust-CSIRO 1950

Aust-CSIRO ‘56

US-OSU 1957

US-BTL 1933

US-Wheaton 1948

US-NBS 1948
US-NBS 1952

US-Wheaton 1944

In 1956, the 25m radio telescope at Stockert, Germany, was the world’s largest →



1964

Hectometer Cosmic Static, G. Reber, IEE Trans. On Military Electronics, Jul-Oct 1964, p.257-263

Cygnus A (3C 405) is one of the 
strongest radio sources in the sky, and 
would become one of the most famous.

It was discovered by Reber in 1939. 

In 1951, it was one of the first 
"radio stars“ to be identified with an 

optical source. 

By 1953, Jennison & Das Gupta 
showed it to be a double source.

Cygnus A would become the first
radio galaxy.  

Like most radio galaxies, it contains an 
active galactic nucleus with two jets 

protruding in opposite directions from 
the galaxy's center. At the ends of the 
jets are two lobes with "hot spots" of 
more intense radiation at their edges.



1983



1999

Grote Reber’s Observations of Cosmic Static, K. Kellermann, ApJ, Vol 525, 1999, p. 371-372



MUSA & the USSR

It is not obvious from 
this description 
whether USSR 

scientists actually  
knew about the MUSA 
way back in the early 
days of Soviet radio 

astronomy or whether 
this is just a modern 

day assessment. 

Most MUSA systems 
were steerable in 

elevation only.
The Development of Radio Astronomy Research at the Institute of Radio Physics and Electronics of the Academy of 

Sciences of the Ukrainian SSR, S. Y. Braude & A. V. Megn, in
A Brief History of Radio Astronomy in the USSR, Edited by S. Y. Braude et. al., Springer, 2012, p.182

2012

?



The USSR & 

Decimetric

Arrays

The Development of Radio Astronomy Research at the Institute of Radio Physics and Electronics of the Academy of Sciences of the Ukrainian SSR, S. Y. 
Braude & A. V. Megn, in A Brief History of Radio Astronomy in the USSR, Edited by S. Y. Braude et. al., Springer, 2012, p.181-203

12-20 MHz, 2 arrays separated by 332m, each 4 rows of 6-dipoles

ID-1  1961

20-40 MHz, 2 arrays separated by 470m, 
each 4 rows of 32-dipoles

ID-2  1962

10-25 MHz, T-array 
N-S 1 x 80-dipoles
E-W 2 x 64 dipoles

UTR-1  1966

10-25 MHz, T-arrays 
N-S 6 x 240-dipoles
E-W 6 x 100 dipoles

UTR-2  1972



References to the MUSA in the Astronomical Literature

• Cosmic Static, G. Reber, Proceedings of the Institute of Radio Engineers, Vol. 28, 1940, p 68-70

• Cosmic Static, G. Reber, Astrophysical Journal, 1940, Vol. 91, p. 621-624

• Interpretation of Radio Radiation from the Milky Way, C. Townes, Astrophysical Journal, 1947, p.235

• Radio-Frequency Investigations of Astronomical Interest, G. Reber & J. Greenstein, The Observatory, 1947, 
p.15-26 

• The Present Status of Microwave Astronomy, R. Williamson, JRASC, Vol. 42, 1948, p. 9-32 

• Bibliography of Radio Astronomy, M.E. Stahr, Radio Astronomy Report No. 2, Cornell University, 1948

• Cosmic Static, G. Reber, Proc. of IRE, Oct. 1948, p. 1215-1218

• Cosmic Radio Noise, J.W. Herbstreit, in Advances in Electronics, L. Marton, Academic Press, 1948

• Reports on the Progress of Astronomy – Radio Astronomy, J.S. Hey, MNRAS,  Vol. 109, 1949, p.179-214

• Galactic Radiation at Radio Frequencies. III. Galactic Structure, J.G. Bolton & K.C. Westfold, Australian 
Journal of Scientific Research, Vol. 3, 1950, p.251

• The Origin of Galactic Radio-Frequency Radiation, J.H. Piddington, MNRAS,  Vol. 111, 1951, p.45-63

• Observations of Cosmic Noise at 9.15 Mc/s, C.S. Higgins & C.A. Shain, Aust Jour Physics, vol. 7, 1954, p.460

• The Distribution of Cosmic Radio Background Radiation, H.C. Ko, Proc. of the IRE, 1958

• Hectometer Cosmic Static, G. Reber, IEE Trans. On Military Electronics, Jul-Oct 1964, p.257-263

• Classics in Radio Astronomy, W.T. Sullivan, D. Reildel Publishing Company, 1982, p.1-2

• Radio Astronomy Between Jansky and Reber, G. Reber, in Serendipitous Discoveries in Radio Astronomy, K. 
Kellermann & B. Sheets, NRAO, 1983

• The Handbook of Antenna Design, Vol 2, Edited by A.W. Rudge et. al.,  Peter Peregrinus Ltd., 1983, p 1331

• The Early Years of Radio Astronomy,  W. T. Sullivan, Cambridge Univ Press, 1984

• The History of Radio Astronomy - A Bibliography 1898-1983, S. Stevens-Rayburn, NRAO Report, c. 1984

• Grote Reber’s Observations of Cosmic Static, K. Kellermann, ApJ, Vol 525, 1999, p. 371-372

• Cosmic Noise: A History of Early Radio Astronomy, W.T. Sullivan, Cambridge University Press, 2009

• A Brief History of Radio Astronomy in the USSR, Edited by S. Y. Braude et. al., Springer, 2012, p.182

1940s

1950s

1960s to Now

Reber England AustraliaUnited StatesEarly Astronomers = 
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Ryle ???



The 2nd Experimental Array 

at Holmdel…

The “Broadside” MUSA 

51



Deviations of Short Radio Waves from the London-New 

York Great-Circle Path, C.B. Feldman, 

Proceedings of the Institute of Radio Engineers, Oct 1939, 

635-645

1939

52



Deviations of Short Radio Waves from the London-New York Great-
Circle Path, C.B. Feldman, Proc of the IRE, Oct 1939, 635-645

• The horizontally steerable MUSA used 2 
different types of broadside arrays:

– 6 Cage antennas to give a wide steering 
range but with a broad beam

– 6 Rhombic antennas to give a sharp beam 
but over a restricted range

The Broadside MUSA

53

Original

End-on

MUSA

Terminal 

Building



MUSA with Horizontal Steering

Deviations of Short Radio Waves from the London-New York Great-Circle Path, C.B. Feldman, 

Proceedings of the Institute of Radio Engineers, Oct 1939, 635-645 54

CONCLUSIONS : “Our general experience strongly indicates that wide-range azimuthal steering of both the 
transmitting & receiving antennas holds promise of recovering many decibels transmission loss 

during afternoon and evening hours, particularly during ionosphere storms.”

“There is, however, something to be gained by providing azimuthal steering at the receiver alone.”

Unfortunately there was no mention in this paper of detecting any more “Star Static”

18 MHz 9 MHz



And now for the rest of the story…

Harald Friis

55



The Dailiy Register, Monmouth Newspaper, 21 June 1971
http://209.212.22.88/data/rbr/1970-1979/1971/1971.06.21.pdf

NJ Newspaper Article on Friis’ 1971 Autobiography 

“Seventy-Five Years in an Exciting World”

56

Friis retired from 
Bell Labs in 1958

and became a 
research consultant to 

Hewlett-Packard.
He held 31 patents. 



Seventy-Five Years in an Exciting World, H. Friis, San Francisco Press, 1971, p 24-27

1971
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Seventy-Five Years in an Exciting World, H. Friis, 
San Francisco Press, 1971, p 24-27

1971
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The MUSA 

Patent

59



There were 18 “claims” in all,

(jumping over 10 thru 16)

60

This is was happens when 
you let lawyers write the 

technical specs.



http://www.dtu.dk/English/Research/Doctorates/Dr,-d-,techn,-d-,%20degrees.aspx
Seventy-Five Years in an Exciting World, H. Friis, San Francisco Press, 1971, p 24-27

http://en.wikipedia.org/wiki/Horn_antenna 
http://www.williamson-labs.com/troposcatter.htm

WT4 Millimeter Waveguide System: The WT4/WT4A Millimeter-Wave Transmission System, 
D. Alsberg et al, Bell System Technical Journal, Vol 56:, No.10,  Dec 1977

Doctor of Technology Degree
Herald Trap Friis - 20 Sept 1938

“A Multiple Unit Steerable Antenna for Short-Wave Reception”

61

Friis after MUSA

In 1941, after working on 
the MUSA, Friis went on to 

invent the reflector horn 
antenna with Alfred Beck. 

It was developed further by 
D.C. Hogg.  A large version 

was used by Penzias & 
Wilson to detect the Cosmic 

Microwave Background.

In 1954, Friis conceived 
of the billboard reflector 
for use in tropospheric

scatter communications. 
These were used in the 
Distant Early Warning 

(DEW) Line, the Alaska 
White Alice system, 
and for the Ballistic 

Missile Early Warning 
System (BMEWS).

Into 1962, Friis worked on the 
development of  tightly wound helix 

waveguide for use in a low-loss, 
mm-wave communication system. 
Fiber optics would soon displace 

this technology but it would end up 
being used on the VLA for its signal  

transmission. Some of the 60-mm 
helix guide was donated by BTL.

Friis died in 1976, 
at age 83 of a 

stroke in 
Palo Alto, CA



Meanwhile,

back at Holmdel…
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The Early Years of Radio Astronomy: Reflections 

Fifty Years after Jansky's Discovery, 

W. T. Sullivan, Cambridge University Press, 1984

Jansky & the MUSA
In a 1935 Letter to his Father

1935
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The Bell Labs Holmdel Complex in its Heyday (1970s) 

www.telephonecollectors.org/pictures/?id=135818990  ;  mainline.brynmawr.edu/Courses/cs240/fall2009/bell-labs-watertower.jpg

The water tower 

on the 472-acre 

complex was 

designed to look 

like a transistor, 

the most famous 

Bell Lab invention.

• Where Karl Jansky and Harald Friis had – serendipitously - discovered
“star static” and radio astronomy was born, 30 years before the famous
Bell Labs research complex was built in the early 1960’s.

• The 2 million sq. ft. building contained over 4,000 to 5,000 Bell Labs
scientists & engineers.

64

Note all the cars
in the parking lot

J

R



After the government 
enforced divestiture of 

AT&T in 1984, Bell Labs 
was taken over by 

Alcatel-Lucent.

The company eventually 
closed the facility in 

2006 and sold it. 

The world’s largest lab 
now sits abandoned.

Bell Labs 
Holmdel 
Complex 

Today

Google Earth & http://tkurdzuk.blogspot.com/
www.nj.com/news/index.ssf/2008/08/abandoned_bell_labs_could_make.html 65

Note no cars
in the parking lot



Bell Labs, NJ

Holmdel &

Crawford Hill

Laboratories

Holmdel 

Labs

Crawford Hill 

Labs

Google Earth

The two most famous 

Bell Labs facilities, 

at least as far as 

radio astronomers 

are concerned, 

are located within 2 

miles of each other 

(as the crow flies).

66



Bell’s Crawford Hill Lab, Holmdel, NJ

Google Earth  ;  http://commons.wikimedia.org/wiki/File:Bell_Labs_Horn_Antenna_Crawford_Hill_NJ.jpg

The sole remaining presence of Bell Labs in 
Holmdel is a small research group of  

Alcatel-Lucent working on optical 
networking and wireless technologies.

Where Penzias & Wilson Discovered the 
Cosmic Microwave Background.

In 1989 the CMB horn antenna was 
designated a National Historic Landmark.

67



Holmdel & Crawford Hill Bell Labs

http://njgin.state.nj.us/dep/DEP_iMapNJDEP/viewer.htm

2007 1931

Navesink
River

68

Satellite Image-2007 Aerial Photo-1931 (Thanks to FDR)



Aerial Photo of Jansky’s Lab & Telescope - 1931  

http://njgin.state.nj.us/dep/DEP_iMapNJDEP/viewer.htm

Radio Research Lab

Jansky

Antenna

Site
Overlay with today’s

Holmdel road network

Bell Labs
Holmdel Field Laboratory 

Radio  Research Lab

Position of 
1998 Jansky

Memorial

Note the Wye-shape of 

the future VLA !!!
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1963

1970

1979

2002

2007

1940

1947

1953

1956

1931

?
New lab 

construction 

begins in

1961

Jansky

Memorial 

(1998)

Position

indexing 

problem

Jansky’s

antenna is

clearly seen

…but 

appears to 

have 

vanished

Holmdel Lab 

abandoned

in 2006

After 20 

years no

evidence 

remains



MUSA Location

A Multiple Unit Steerable Antenna for Short-wave Reception, 
H.T. Friis & C.B. Feldman, Proc IRE, Vol. 25, No. 7, July 1937, 841-917

http://njstateatlas.com/1930/

High-altitude 1930s photo taken before MUSA built.

Identifying features like the Navesink River, a pit, two 
large buildings & the road network, the approximate 

location of the MUSA can be determined.

1931

Mid 30s

Radio Research Lab

Friis
& 

Jansky

Roberts Farmhouse Lab

Southworth
&

Waveguide Group

Jansky
Antenna 

Site

Overlay with today’s

road network

MUSA

Roberts Farmhouse Lab

Radio 
Research Lab

71



How Good of an Astronomical Radio 

Telescope would the MUSA have made?
• The Experimental MUSA was built to measure the direction of multi-path signals from

short-wave transatlantic telephone links. But what if Bell Labs had allowed it to carry
out radio astronomy observations, how good of an instrument would it have been?

• It was pointed to the northeast (i.e., London) rather than to the south, so not being a
transit instrument would have obvious drawbacks.
– But the Australian Seacliff Interferometer at Dover Heights was pointed to the east.

• Being an end-on array, it only improved directionality in elevation.
– But the single-element Seacliff Interferometer was also selective in elevation.

– And broadside arrays, like the early Ryle two-element interferometers, only improved
directionality in azimuth.

• Had they built as a N-S transit instrument, the MUSA’s multiple beams could sweep
the sky 3 times faster than any of the early Australian or British interferometers.
– Multiple beams in radio astronomy didn’t occur until 1968 when Bernard Mills Molonglo

Observatory Synthesis Telescope (MOST) in Australia provided 3 east-west fan beams using a time
shared mode.

• The MUSA used a rather low frequency which was ideal for short-wave telephony.
– But early radio telescopes did not operate all that much higher. Grote Reber’s first successful

observations in 1939 were at 160 MHz, the Australians were at 200 MHz, and Cambridge at 175
MHz and later at 80 MHz.

• The MUSA’s 5-20 MHz frequency range gave it a 4:1 bandwidth ratio.
– Modern wideband receiver designs have achieved ratios of 2:1 and are desperately seeking

bandwidth ratios of 3:1 or higher.

• The commercial MUSA systems at Manahawkin & Cooling Marsh built in 1940 had 2½
times better directivity in elevation while observing simultaneously with 4 beams at 2
different frequency bands. How many interferometers can do this even today… 72



MUSA Legacy 

The Musa     

Connector

http://en.wikipedia.org/wiki/Musa_connector &  http://uk.farnell.com/unbranded/323-010/musa-connector/dp/5096110 73

http://en.wikipedia.org/wiki/Musa_connector


The MUSA Connector
Broadcast & Video Applications 

Musa Apparatus, W.M. Sharpless,  Bell Laboratories Record, Vol. 16, No. 5, Feb. 1938, p. 195
https://intranet.rave.ac.uk/pages/viewpage.action?pageId=3768 

https://intranet.rave.ac.uk/display/FComm/Central+Apparatus+Room+%28CAR%29 74

Here the MUSA connector is used in 
a video patch panel rack. The push 

fit allows for fast &easy connections.

MUSA U-Links

MUSA Patch Panel

MUSA 
Cables

https://intranet.rave.ac.uk/display/FComm/Video+Patching


MUSA Conclusion - 1
• The Bell Labs Experimental Multiple Unit Steerable Antenna built at

Holmdel in 1935 to study transatlantic 3-30 MHz Short-Wave telephone
communications, was the first electronically steerable phased-array.

• This ¾-mile long MUSA designed by Friis & Feldman with its six
Rhombic aerials was the first interferometer to detect a celestial source.

• We now know that the star static it found at 9.5 & 18.6 MHz came from
the Cygnus region.

• The Holmdel MUSA was not only the first American interferometer to
detect an extraterrestrial object, it was indeed the first in the world,
beating the Aussies & the Brits by nearly a decade.

• While the CSIRO Sea interferometer and the Cambridge 2-element
interferometer, both built in 1946, were the first to “intentionally”
observe a celestial source, the Experimental MUSA did detect – however
inadvertently - cosmic static in October 1935. This was less than 3 years
after Jansky’s equally serendipitous discovery.

• The Experimental MUSA’s result was referenced by many of the
pioneers in radio astronomy, including…
– Jansky, Reber, Townes, Greenstein, Williamson, Hey, Bolton, Piddington,

Shain, Ko, Sullivan & Kellermann

– But surprisingly (or perhaps not) completely ignored by Ryle and his group
at Cambridge (perhaps their “not invented here” syndrome).
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MUSA Conclusion - 2
• The MUSA’s data points at 9.5 & 18.6 MHz were used by pioneering

radio astronomers to help realize that the detected emission at low
frequencies was non-thermal.

• The Friis & Feldman 1937 paper provided a detailed analysis of the
beam pattern of phased-arrays, including the effect of tapering the
amplitude response towards the end of the array to improve sidelobe
response.

• Although the direction of its beam was fixed in azimuth, it’s elevation
angle could be easily steered between 10-65° by adjusting the phasing of
its 6 Rhombic antenna elements.

• It had 3 independently steerable beams, long before any astronomical
interferometer made use of multiple beams.

• Like Jansky in 1932, Friis & his MUSA for a second time allowed Bell
Labs to serendipitously pioneer the way in radio astronomy.

• Two larger commercial MUSAs – each 2-miles long with 16-Rhombic
elements – were built by 1940 to improve transatlantic telephone
communication links during the coming Solar Maximum.
– They had dual-frequency receivers, each with 4 independent beams.

– These were the most expensive commercial radio receivers ever built.

– The cost of the receiving station was about ₤50K in 1940 (or $5M today).

– They operated until the mid 1960s before being replaced by satellites. 76



The story 

continues in…

The 

Commercial 

MUSAs

Rhombic Antenna Design, A. E. Harper, D. Van 
Nostrand Company, Inc., 1941

http://tf4m.com/att-array-of-rhombic-antennas/
77



The  End

Any Questions ? 
(from those who are still awake)

Hooray!!!
Its over…



Postscript:

What came after the 

Bell Labs Experimental MUSA ?

79

The Commercial Transatlantic MUSAs at

Manahawkin, NJ 
& 

Cooling Marsh, England



A Single-Sideband Musa Receiving System for Commercial Operation on Transatlantic Radiotelephone Circuits, A. Polkinghorn, 

Proceedings of the Institute of Radio Engineers, April 1940, 157-170

1940



Manahawkin MUSA Receiver (1 of 2)

A Single-Sideband Musa Receiving System for Commercial Operation on Transatlantic Radiotelephone Circuits, A. Polkinghorn, 

Proceedings of the Institute of Radio Engineers, April 1940, 157-170

Antennas Filters, Mixers, 2.9 MHz IF Amps Phase-Shifters

A B C D

100 KHz 2nd IF,
Branch Delay,

Combiners
&

Voice Circuits
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Aerial View 

of the

American MUSA

at 

Manahawkin, NJ 

c.1941 

Rhombic Antenna Design, A. E. Harper, D. Van 
Nostrand Company, Inc., 1941

http://tf4m.com/att-array-of-rhombic-antennas/

Plus 10 more pointed  towards London

82

MUSA Apparatus Building

AT&T

Receiver 

Station



The Commercial MUSAs:
AT&T at Manahawkin, NJ

& 

British Post Office at 

Cooling Marsh, UK 

A Single-Sideband Musa Receiving System for Commercial Operation 

on Transatlantic Radiotelephone Circuits, A. Polkinghorn, 

Proceedings of the Institute of Radio Engineers, April 1940, 157-170

• Built in the late 1930s prior to the solar maximum 
in the 1940’s.

• Consisted of 16 Rhombic antennas in an array 
that was 2 miles long.

• These MUSAs were dual-frequency receivers, 
each with 4 independent beams (for a total of 8 
independent beams)

• The Cooling Marsh MUSA used 1,079 “valves” 
(vacuum tubes).

• Cost of the Cooling Marsh MUSA was ₤50K (or 
about $4.8M today).

• Operated between 1940 & mid 1960’s when it was 
finally supplanted by communication satellites.

3 beams are 
combined
to improve 

the S/N, 
while the 4th

beam 
continuously 

sweeps in 
elevation  

looking for 
the 3 strongest 

peaks 

1940

83

View inside the  of the Manahawkin Apparatus Building 



Manahawkin MUSA Phase-Shifters

A Single-Sideband Musa Receiving System for Commercial Operation on Transatlantic Radiotelephone Circuits, A. Polkinghorn, 

Proceedings of the Institute of Radio Engineers, April 1940, 157-170



Commercial MUSA

Beam Pattern

A Single-Sideband Musa Receiving System for Commercial Operation on 

Transatlantic Radiotelephone Circuits, A. Polkinghorn, 

Proceedings of the Institute of Radio Engineers, April 1940, 157-170

The 16-element, 2-mile long 

Manahawkin and Cooling Marsh 

MUSAs produced fairly sharp 

beams with a side-lobe response that 

was more than adequate for the 

transatlantic telephony link.
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http://fultonhistory.com/Newspaper%2013/Naples%20NY%20News/Naples%20NY%20News%20%201938-
1939/Naples%20NY%20News%20%201938-1939%20-%200549.pdf



AT&T “Manahawkin” Radio Station

87

Google Earth 
http://twp.stafford.nj.us/town-square/history-of-stafford-township/

http://en.wikipedia.org/wiki/Manahawkin,_New_Jersey

From 1830, it was identified as a Lenape word meaning “Land of Good Corn.” More recent 

scholarship suggests it may mean something more like “fertile land sloping into the water.”

4 July 2007

Population (2000) = 2,004

MUSA
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London

Rhombic Antenna

Manahawkin Site Map 
(Late 1930s ?)

London

http://long-lines.net/places-routes/ManahawkinNJ/site.html

Future MUSA
Building ?

MUSA  Buried 
Transmission Lines ?

2006

AT&T Receiver Building



19411995

Manahawkin MUSA – Then & Now

89

Rhombic Antenna Design, A. E. Harper, D. Van Nostrand Company, Inc., 1941
http://tf4m.com/att-array-of-rhombic-antennas/

Google Earth (28 March 1995)



Manahawkin MUSA (15 July 2006)
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1.94 miles

Google Earth

At this resolution, 
we can’t see the 

poles (or the 
holes) that once 
belonged to any 
of the rhombic 

antennas, 
assuming they 

still exist.

Apparatus 
Building 

SW

NE

Receiver
Building 



The Manahawkin MUSA Over 75 Years
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1931

1956

1963

1972

1986

1995

2006

http://www.historicaerials.com/



Cooling Radio Station, Hoo Peninsula, Kent - An Archaeological 
Investigation of a Short-Wave Receiving Station, 

D. Gregory & S. Newsome, English Heritage, Research 
Department Report Series No. 110-2010

The British General Post 

Office MUSA at the 

Cooling Marsh Station

92

2010



Cooling 

Marsh 

Station

Map

Cooling Radio Station, 

Hoo Peninsula, Kent - An 

Archaeological 

Investigation of a Short-

Wave Receiving Station, 

D. Gregory & S. Newsome, 

English Heritage, Research 

Department Report Series 

No. 110-2010

Early 1960’s 2-D 
MUSA steerable 

in El & Az.
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1938

Wireless Section: Chairman's Address, A.J. Gill, Journal of the Institution Electrical Engineers, Vol. 84, Issue 506, 1939, p. 248-260 



The Cooling Radio Station, Gravesend at War Series No. 5, F.R. Turner, Self Published, 2000 95

2000



Cooling Radio Station, Hoo Peninsula, Kent  - An Archaeological Investigation of a Short-Wave Receiving Station, 
D. Gregory & S. Newsome, English Heritage, Research Department Report Series No. 110-2010

The Cooling Marsh Radio Station - Then

96



Cooling Radio Station, D. Gregory & S. Newsome, English Heritage, Research Department Report Series No. 110-2010
Google Earth ; http://www.kenthistoryforum.co.uk/index.php?topic=7798.0

The Cooling Marsh Radio Station - Now
All that remains of the Apparatus Building is the bottom floor & Generator Room
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Tangent : Rhombic Antenna Arrays
HMCS Coverdale

98http://jproc.ca/rrp/rrp2/coverdale.html  ;   http://luxexumbra.blogspot.com/2005_05_01_archive.html

This Special Wireless 
Station was located south 
of Moncton, NB and was 

used by the Canadian 
Navy from 1942-1971 as a 
High Frequency Direction 
Finding (HF/DF) facility. 
It also assisted in Signals 
Intercept and Search & 
Rescue operations for 

aircraft in distress.
During WWII the station 

was used to monitor & 
track German U-Boats. 
After the war, it tracked 

Soviet submarines, as well 
as other North Atlantic 

sea & air traffic.

With one array of 9 
antennas, the long axis of 

any single antenna is 
spaced every 40 degrees of 

the compass rose. By 
installing a second array 

close to the first and 
offsetting it by 20 degrees, 
it results with an antenna 
pointing every 20 degrees 

of the compass rose. 

When the signals from all 
of the antennas feeding 

the Operations Building, 
an operator could select 

any one of the 18 rhombic 
antennas an obtain a 
bearing in 20 degree 

increments. 



Backup Slides
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Thirteenth Synthesis Imaging 
Workshop - 2012

Distinction Between Phased & Correlator Arrays

100

Phase Array:
– The voltage signals from the antennas are

combined in a branching network which
forms the sums in the square-law detector.

– The beam pattern can be scanned across the
sky by inserting phase-shifters on the
antenna outputs.

Correlator Array:
– The correlator generates the cross products

of all the signal voltages.

– Each produces an output which is one
component of the Fourier Transform of the
spatial distribution of the brightness of the
observed object.

– All the same terms in the expanded phased-
array expression are present except for the
self-products (i.e., representing spatial
frequencies near the u,v origin).

– A correlator array gathers data at much
greater rate than a phased array unless the
latter is equipped to form many beam
simultaneously. In fact the phased array
would be slightly more sensitivity because it
measures the self products.

– It is cheaper to do the Fourier Transform in
software than it is to built large numbers of
beamformers.

Interferometry and Synthesis in Radio Astronomy, 
Thompson, Moran & Swenson, 1998, p.122



Grote Reber

Letter to 

Karl Jansky
18 Oct 1947

http://jump.cv.nrao.edu/dbtw-
wpd/Textbase/Documents/grgc-reber-

jansky-10181947.pdf

Reber’s letter to Jansky

includes a draft copy of 

the article Cosmic Radio 

Investigations, which 

would appear in Radio 

News in 1948.



http://jump.cv.nrao.edu/dbtw-
wpd/Textbase/Documents/grgc-jansky-

reber-10211947.pdf

Karl Jansky
Reply to 

Grote Reber
21 Oct 1947

Jansky laments to Reber

not being able to work on 

cosmic noise.

(Maybe soon, he says but, 

alas, it never happens). 

He says nothing about 

the MUSA, but did send 

Reber an 8” x 11” picture 

of it, along with one of his 

own antenna.



http://jump.cv.nrao.edu/dbtw-wpd/Textbase/Documents/grgc-jansky-reber-10211947.pdf

The 2 pictures Jansky sends to Reber
21 Oct 1947


