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HISTORICAL ORIGINS OF VLBI 

Historically, applications of interferorrletry havc becn primarily for astronomical purposes 
beginning with the work of A.A. Michelson and F.G. Pease in 1920. These early experi- 
ments used optical wavelengths to measure the angular diameters of stars. The method 
operated by combining starlight received from two separate optical paths, which had t o  be 
established and maintained a t  equal optical lengths (Figure 1 ). This task proved to  be 
extremely difficult and prevented the primary mirrors from being separable by more than 
20 ft., mainly because of atmospheric dissimilarities in the two interferometer arms. A 
dissimilarity in optical path of only 0 . 2 ~  ( 112 an optical wavelength) is sufficient t o  de- 
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Figure 1. Michelson/Pease stellar interferometer 

*This paper presents the results of one phaw of research carried out at the Jet Propulsion Laboratory, California Insti- 
tute of Technology, Pasadena, California, under contract No. NAS 7-100, sponsored by the National Aeronautics and 
Space Administration. 



s t toy  thc  intcrfcrcnuc 1u t t c rn  (or fnngcs)  w h t c l ~  IS  tlic o i ~ t p l ~ t  o f  ally ir~tcrl'cbrolr~ctcr s y s t ~ . ~ ~ ~ .  

With t h c  crncrgencc o f  ntrlio ac;tronomy as a discipline in thc 1030s  cslnc thc dcsirc t o  
orcatc tlic analog o f  the  Micl~clsun/Poasc stellar i1iLcrfcro~nctl.1- ~ i s i r ~ g  radio waves instcad oi 
optical  wsvclengths. l 'hese early r;itiio i ~ l t c r f ~ r ~ t ~ . l t ~ t t ~ r s  were t l i ~  S O - c ' ; I I J c ~  I~:~~-rI-wirt '~l  sys- 
tems, bc~.ausc: oablcs or solrle otht ' r  pl~asc-stablc cc>rnni~~nic ; r t io~ls  link W;IS tlet5dt.d to dcrivc 
thc  t'irst local oscillator signals (1;igur.c 2 ) .  As M 1t11 ~t.; optical forcrunnct-, tllc I-adio p i~t l i<  
1-lad t o  be stable t o  bet ter  than ouc-hsll '  an KI- '  w a v c l c ~ ~ g t h  to  maintain the  I'ringc outprrt ol. 
thc  intcrfcrorncter.  -1l1c: prsc.tic;~lity of laying i::tbles has lilnitetl shor t  bnsclillc i t ]  t c r t r o -  
rnctcrs to a h o u t  I km. w1icrt.a~ microw;ivc rclny links have allowed a n t e n n ; ~  scpa ra t io~ i s  LII '  

t o  about I00 krn. 

Bccaust. the  resolving powcr of a n  intc'rfcrollirter is dcpct~tlcri t  o n  tlzc rat io of' the  wavulcngtl~ 
to !he antenna seprjratioli. thurt: was the incvitijblc dcsiri. to tnovu tllc ;intcnna spacing to 
intercontint 'ntal d is tar~ccs ,  il' possible. Thc  t ~ r - c a k t I i ~ - u ~ ~ ~ l i  in achicving thcsc vcry long hasc- 

lilies occurred in  1 907132 ~ C C ~ L I S ~ '  of' i n ~ p r n v c m c ~ ~ t s  i l l  clu:tn turn electronic f rcqucncy sys tcn ls  

wliicli af'fordccl essenti;illy i d c ~ ~ t i c a l  pt,rSorrnancc of t w o  o r  rnorc scparate dcvices fo r  gcncra- 
t ing local oscillator signals. Thc i r i~provcd f ruc l~~cncy  systt.111s climinutctl t h c  r ~ c . ~ d  I'or a 
pllnsc-stablc link bctwecr? the Lwo rtcciving st;~tiolls. rl~akilig i t  possjblc Tor thc s ta t ions  tn  hc 
scp;iratcd by arbitr:irily large dist;!nccs lirnitccl only hy tht. eartll's d i ~ r n c t ~ r .  'l'his, thctl, w:~s 
thc origin of- the radio ;tstior10111~ tec.liniclire o f ' vc ry  l o ~ i g  basclinc intcrferomctry (VLUI ). 
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Figurc 2 .  Conventional  hard-wircd radio interfcrometel 



Perhaps it would have been more apt t o  term the method independent station radio inter- 
ferometry, so as not to imply that only very long baselines were allowed. 

When the baselines are comparatively short, and phase-stable communication links are 
available, the outputs of  the heterodyne receivers are conveniently combined at a common 
site t o  produce fringes. However, on a very long baseline the output of the rcccivers must 
be handled differently. The only method so far demonstrated consists of recording receiver 
output on magnetic tapes along with time codes from each station. Two implementations 
exist in this type of  recording: an analog approach favored by the Canadians and a digital 
method used by virtually all U.S. teams. These magnetic tapes are brought together for 
cross-correlation processing, usually several days or  weeks after the time they were recorded. 
I t  is the cross-correlation process which yields the fringe response of the interferometer. A 
schematic diagram of the VLBI tcchnique is given in Figure 3. 

Since the original experiments in 1920, interfcrometry has been used for astronomical ap- 
plications and particularly for measuring the angular diameters of the sources of light or  
of radio waves. The early publications on VLRI, however, correctly identified applications 
to  geophys i~s ,"~  although the predictions of centimeter-level measurements are yet t o  be 
realized over very long baselines. 

Fo r  those interested in the general VLBI literature and the use of this concept in the study 
of spatial structure of celestial radio sources, general survey  article^^?^ will be of interest. 

D I G I T A L  D I G I T A L  
RECORDING RECORDING 

M A I L  B IT  --- 
I 

7 STREAMS y--I- 
TAPE 

FAST 
FRINGES 

COMPUTER 
F R I N G E  M O D E L  CROSS-CORRE LATOR 

A 

GEOPHYSICAL 
MULTI .PARAMETER A N D  

ADJUSTMENT & ESTIMATION ASTRONOMICAL 
PARAMETERS 

CALIBRATIONS 

Figure 3.  The VLBI technique. 



THE VLBl TECHNIQUE 

In VL,BI mcasurernents, thc radto stgnal prociuccd by a distant sourcc is recorded s~riiul- 
taneously a t  two racl~o antciinas. Bc~ause  of  a d~f'fercncc tn ray paths, reception of tlic \ig- 
nal tnliy he clclayed in tlrlic a t  unc antcnna relative to thc other. By cross ctlrrelatlng thc 
two sigxialq, tlic tirnc delay and/or ~ t s  tirne delivutive may be d e t c r r n i n ~ d . ~ , ~  Whcn narxoh 
baricl rucorciln~, cq~iiprnenl 1s ~lccd,  only thc dcrivativc of the tirne delay rnay bc rncasured 
wit11 adcqiratc ~ ~ r c c i s ~ o t ~ ~ ,  If thc r a d ~ o  signal is generated by an extragalactic objcct, the 
radto soiirrc rnay bc rcgarcled as a llxed olyect because of ~ t s  great distance. 

'I-hc, tlmc variat~on of the time delay is due enlircly t o  thc earth's motion, but dependc, of 
course, on thc source location and the baseline vector between the two antennas. In  
gencral, measurement of  the derivative of thc tirnc dclay for many natural sources can Icad, 
by mean5 of a least-scluares analysis, t o  the deterrn~nation of'source locations; the basclinc 
vector; and earth-motion parameters, such a t  U'I'-1 and polar motion. 

Figure 4 shows a schematic diagratrl of n radio intrrferor-neter station pair, while Figure 5 
-f 

gives the gcorr~ctry o f  thc situation. As thcsc two aritennas are separated by a distance IDI, 
thcre may bc a dtffercncc in thc tlme of reception of' the signal : ~ t  tlic two antennas. This 
delay. r p ,  IS given by 
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Figure 5. lnterfexorneter geometry. 
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10 cm MEASUREMENT ACCURACY IN  A SINGLE D A Y  

REFERENCE EARTH LOCATIONS MEASURED IN  THREE DIMENSIONAL 
GEOCENTRIC COORDINATES RELATIVE TO EXTRAGALACTIC RADIO 
SOURCES 
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a NO TRANSMISSION OF LIGHT OR RADIO SIGNALS NECESSARY 
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INHERENTLY PASSIVE, USING ONLY NATURAL RADIO SIGNALS 
(NO CYCLOMATES) 

Figure 10. ARILS systern Lharacteristics. 

ARIES 

EXTRAGALACTIC 
RANDOM RADIO 

EARTH 
STRAIN RATE c- SMUT I ON CROSS CORRELATION 
MONITORING L tGEN PURPOSE J I SIGNAL D m C T l O N  I 

COMPUTER) (MINI-COMPUTER) 

Figure 1 1 .  Schematic of ARIES i~nplernentation. 
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