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FIRST FRINGES
• Canadian Group – DRAO-Algonquin    17 April 1967
• NRAO/Cornell – NRL-Green Bank         8 May 1967
• MIT – Haystack-Green Bank                  5 June 1967
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First Fringes on OH – from “The Early Days of 
VLBI” from talk by Jim Moran – in celebration 
of Barry Clark’s 60 th. 1998



VLBI equipment used at Haystack for first Fringes  8 June 1967

Video converter

Digitizer and 
recorder controller Recorder

Hewett-Packard 5065A 
Rubidium clock

Varian H-10 hydrogen maser



VLBI technology pre-cursors

• One-bit sampling theory – Van Vleck 1943
• Min. redundancy             – Arsac 1955
• One-bit digital correlator – Weinreb 1961
• Rubidium clock – Hewlett-Packard 1964
• Hydrogen maser  – Ramsey, Vessot 1964
• Video tape recorder – Ampex 1963
• IBM 6250 digital recorder  1964
• Loran C and traveling clocks for time sync



EARLY RESULTS

• Quasar brightness approaching Compton 
limit ~ 1013K

• Superluminal Expansion in Quasars
• OH and H2O Masers
• Contemporary plate motion





First use of “Closure phase” in VLBI

3C273B extended double source along 
PA ~ 60º   Haystack-Goldstone-Alaska

Rogers et al. Astron.J  193:293-301, 1974 



Goldstone Onsala



Bandwidth synthesis (BWS) using “Arsac” array of frequencies



JGR 1986



Some VLBI history papers

• Early VLBI in the USSR – Matveyenko
• The Early days of VLBI – Moran
• Thirty Years of VLBI: Early Days .. - Moran
• Long-Baseline Interferometry – Burke
• A Review of VLBI Instrumentation – Alef
• A History of the EVN: 30 Years of Fringes 

– Porcas
• A review of the History of VLBI - Clark



Data recording

• Mk I   IBM  7-track 720 kb/s  1967 – 1971
• Mk II Video VR-660 4 Mb/s    1971
• Mk II VHS   cassette 4 Mb/s
• Mk III 28 trk instrumentation 256 Mb/s1977
• Mk IV moving headstack  256 Mb/s 1991
• Mk V Computer disk             2 Gb/s  2003
• Mk 6                                     16 Gb/s 2013



CDC 3300 Mk I software 
correlator at Haystack



Mk II  VR660 





VLBI recording technology  - recent plot from Alan Whitney



Vessot’s Harvard/CFA H-masers Peters’ NASA  H-maser and Mk I 



VLBI Algorithms

• Digital fringe rotation
• Closure phase (actually already used in 

connected element interferometry –
Jennison  1958)

• Bandwidth synthesis (Arsac array of 
frequencies used for geodetic VLBI)



Mk III team at Haystack ~ 1982





VLBI TIMING

• Loran C  and traveling clocks - before 
GPS

• GPS since ~ 1990 (H-maser still needed 
to time scale <  ~ 1 day)

• 2-way satellite link tested by Arnold van 
Ardenne in 1983 – could in principle 
provide better performance than H-masers 
or Superconducting cavity oscillators





Arnold, we wish you all the very best for your retirement from

Haystack Observatory

AvA symposium 2013


