
RADIO LINK INTERFEROMETRY IN THE 1960s

PIONEERING LBI AT JODRELL BANK

PUSHING ANGULAR RESOLUTION TO THE LIMIT 

• SCIENTIFIC DRIVERS FOR LBI

• JODRELL LBI – EXCITEMENT 
• “Only show in town” for most of the sixties
• Combined with sputnik tracking – Jodrell regularly in News

• LBI - PIONEERING  SCIENCE DIPLOMACY

George Miley
Leiden Observatory



SCIENTIFIC DRIVER 1
RADIO GALAXIES AND QUASARS

• REVOLUTIONISED ASTRONOMY 
• 1948 - Redshift of Cygnus A, 

• z = 0.056  (Baade & Minkowski, 1954)

• 2nd brightest radio source in sky
• In principle observable to z > 10

• 1963 Quasi-STELLAR radio sources (“quasar”)  3C273
• z = 0.158 (Schmidt, 1963)
• Enormous energy in stellar-like region.  HOW COMPACT??

      
ENORMITY OF UNIVERSE – PHILOSOPHICAL IMPACT 



STEADY STATE THEORY OF COSMOLOGY 1948

• Perfect Cosmological Principle

– Universe is homogeneous and isotropic in space AND TIME. 

• CONTINUOUS CREATION OF MATTER COMPENSATES FOR EXPANSION.

Hermann
Bondi

Tommy
Gold

Fred 
Hoyle

Age 27 Age 27 Age 32

SCIENTIFIC DRIVER 2



SIZES OF RADIO SOURCES vs REDSHIFT                                
TO DISTINGUISH BETWEEN STEADY STATE AND BIG BANG  

Hoyle, F. 1959, 
Paris Symposium on Radio Astronomy,  
IAU Symposium No. 9 
URSI Symposium No. 1

Redshift

Angular Size



JODRELL BANK - CRADLE OF LBI 

• 1957 Completion of Mark I Telescope – later Lovell Telescope
• Largest steerable telescope - 250 ft  diameter

                 

Mark I  Control Room 

Long baseline 

interferometer  control room 



THE “HENRY PALMER” LONG BASELINE GROUP
ONLY LONG BASELINE INTERFEROMETRY 1959 - 67

JODRELL GROUP 1963 WHEN I JOINED

• Forgotten heroes of LBI

HENRY 
PALMER

BARRIE 
ROWSON

BRYAN 
ANDERSON

WILF 
DONALDSON

1966                 Malvern   (Defford)          5000.0                 127            2,100,000                   940 (Mark II)   

1961

151 MHz

1965

1420 MHz

1964

408 MHz

GKM BEGUN PH.D AS “RAW” 
21-YEAR OLD IN 1963



LONG BASELINE INTERFEROMETRY IN THE SIXTIES
QUEST FOR HIGHER AND HIGHER RESOLUTION

Wilf’s 8m diam. dish at Pocklington
Controlled remotely
Built by a PhD student

Defford 1965 – 67
1.4GHz, 5 GHz

1966                 Malvern   (Defford)          5000.0                 127            2,100,000                   940 (Mark II)   

1964,  408 MHz



ELGAROY, MORRIS, ROWSON MNRAS, 124, 395 (1962) 

A radio interferometer for use with very long baselines 

“FIELD 80”

RADIO 

LINK



CLASSIC PAPER BY BARRIE ROWSON  
MNRAS 125, 177 (1963) 

“High resolution observations with a tracking interferometer”
1 THEORY  OF THE “U-V” ELLIPSE 



ROWSON  FRINGE FREQUENCY/ DELAY 
MACHINE 
Tracked fringe frequency and delay

Meccano

Speed ~ cos δ

Set initial delay 

to calculated 

delay for start HA

Delay =

1 revolution in 24h

TURN ON MOTOR AT CORRECT TIME



ROWSON FRINGE FREQUENCY/ DELAY MACHINE 
ON TEST BENCH 
Tracked fringe frequency and delay out to B >100 km 

Delay =

Photo 

courtesy 

Barrie 

Rowson



QUEST FOR HIGHER RESOLUTION - ARE THERE FRINGES?
Jodrell – Defford Baseline - 5 GHz 2 Mλ

3C273B
UNRESOVED 

1938-15
RESOLVED

FRINGES 
DURING MY 
NIGHT-DUTY

December 1966 
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1962

1965

1965



JODRELL – DEFFORD (RRE MALVERN)

1967



DISCOVERY OF QUASARS                 Alan Sandage 
Ann. Rev. Astron. Astrophys. 1999. 37: 445-486 

• “Particularly important for the quasar history was the long 
base-line interferometry made by the Jodrell Bank radio 
astronomers. 

• They performed interferometry with the Jodrell Bank 250-foot antenna, measuring the fringe visibilities 
of more than 350 3CR sources. With baselines ranging from 2200 to 61,100 wavelengths (Allen et al 
1962, Rowson 1962), they compiled a list of unresolved 3C sources whose angular diameters were 
smaller than one arcsec, and therefore had "brightness temperatures" larger than 107 K, a telling 
indication of nonthermal radiation (Palmer 1961). Also from these data, Allen, Hanbury Brown, & Palmer 
(1962) surmised that many resolved 3CR sources were double, following the previous demonstration by 
Hanbury Brown & Das Gupta that Cygnus A is double.

• The heroes of the quasar discoveries were clearly Palmer for 
his brilliant measurements with his Jodrell Bank colleagues 
of the radio angular diameters, ……….”



130 KM BASELINE AT 38 MHZ

3C 273

Unresolved 

Nature 214, 971–974 (1967)

PAVING THE WAY FOR LOFAR AND LOFAR VLBI



QUEST FOR MORE SENSITIVITY
THE MARK III TELESCOPE 1967

• 35m x 28m Increased sensitivity
• “Transportable”, but never transported

• Used to make size estimates of extended radio sources with z
• Start discriminate between Big Bang and Steady State Cosmologies 



QUASAR ANGULAR SIZES DECREASE WITH REDSHIFT
GM Nature 218, 933 (1968) 

z < 1

z > 1

STEEP-SPECTRUM QUASARS 
SPECTRAL INDEX < -0.7 

No.

Fringe Visibility

Small ><  Large



DEVELOPMENT OF INDEPENDENT LOCAL OSCILLATOR INTERFEROMETRY

•1963! Visit by Lovell to Crimea 
• Discussions with Shklovsky and Matveyenko

• Crimea – Jodrell 2200 km
• Memo by Palmer, Anderson, Rowson

• Impossible/ too expensive with linked interferometers
• Possibility of phase coherent tape recording interferometer

•1964     Palmer visits USSR

•1965- 67 Development of  tape recording interferometers
• Video tape recorders
• Atomic clocks

• Just too late

•1967 
• Canada - Broten et al. (Algonquin-Penticton)
• U.S.  NRAO – Cornell Kellermann, Cohen, Clark ; MIT Moran et al 

•1969
           --Jodrell – Arecibo 

ShklovskyLovell

See Lovell’s book “Out of the Zenith”



VLBI – UNIQUE TOOL FOR SCIENCE DIPLOMACY
• Astronomy non-threatening discipline

• Interferometry - unique bridging platform
• Bringing “enemies” together to explore the Universe
• Geographical interdependence of partners

• Whole greater than sum of parts

• e.g. VLBI INTERFEROMETRY BETWEEN DURING 1960-70S COLD WAR

Ivan Moiseyev, Director, 

Crimea Observatory  

John Payne 

NRAO Engineer 

Viktor Effanov 

Crimea Observatory 

Petr Stezhka 

Simeiz Radio  Observatory 

SCIENTIFIC DIPLOMACY HELPED BY A FEW DRINKS!!! 



LESSONS FROM LBI AND JODRELL HISTORY

• Difficult to justify expensive astronomy facilities on pure scientific grounds 

• Long-term astronomical strategy dependent on politics and diplomacy
• Jodrell sold to the public as the UK’s contribution to the international space race
• Sir Bernard Lovell - master politician and diplomat

• intrigued by science
• pioneered science outreach

• Can present geopolitical situation be exploited for astronomy?
• Pressure for increased European unification
• Preferably add multidisciplinary applications

• Pan-European engine for technology, innovation, education
• Ensure VISIBLE economic and social benefit to Europe



LOFAR-ULTRA 2040
MOST SENSITIVE + HIGHEST RESOLUTION 

LOW FREQUENCY RADIO TELESCOPE FEASIBLE

ESSENTIAL HIGH-RES COMPLEMENT TO SKA(Low)

ON REQUEST: 40-PAGE WHITE PAPER



End
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