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A few words about meA few words about me
I grew up in a small town in Southern Colorado.         

At a very young age, I became interested in Science 
and Technology and became a Radio Amateur.

Amateur Calls: 
WØIUF, 
W4JBL, 

WA3LND, 
G4UTL, 
W3IWI, 

CE3/W3IWI, 
SM6/W3IWI, 
LA/W3IWI 

JW/W3IWI, 
JA/W3IWI, 
UA/W3IWI, 
XE/W3IWI, 

etc
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A few more words about meA few more words about me

I attended the University of Colorado in Boulder and 
did my Ph.D. dissertation by building a very large 10 
MHz Radio Telescope on a mesa north of Boulder.
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A few more words about meA few more words about me
From Boulder, I spent 2 years at NASA/ 

Marshall in Alabama working as 
Werner von Braun’s Solar Physicist.

In 1968, I moved to NASA/Goddard to 
work on VLF Radio Astronomy with 
RAE-1 (Explorer 38) and RAE-2 
(Explorer 49) satellites. 

At about the same time, VLBI and 
Pulsars caught my interest.

And in 1969, I joined the University of 
Maryland Physics&Astronomy faculty.
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Getting NASA/Goddard interested Getting NASA/Goddard interested 
in VLBIin VLBI

Goddard had an R&D program with Harry Peters 
developing Hydrogen Maser frequency standards.
Goddard was “home base” for satellite tracking 
networks (Manned & Unmanned, but not DSN).
Goddard had large general-purpose computers.
Goddard encouraged its scientific staff to work on 
independent projects of interest.
The U.MD Grad Students were an inexhaustible 
source for slave labor.
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Getting Bob Coates interestedGetting Bob Coates interested
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Getting Bob Coates interested Getting Bob Coates interested -- 22
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Getting Bob Coates interested Getting Bob Coates interested --33
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The Five Eras of VLBIThe Five Eras of VLBI

1967-1979: The Mark-1 System
– ½” Computer Tape, 800 BPI, 720 kb/s, 3 Mins/tape
– Mainframe Computer is Correlator: IBM 360-50 / -75 / -91 / -95
– Our Correlator phase model on IBM 360’s was very accurate
– Bandwidth Synthesis was developed

General Relativity Tests, Baselines, UT, Polar Motion, Closure 
Phase, Superluminal 3C279 v≈10c, Time Synchronization

– Meter Wavelength VLBI
Source Fluxes & Structure

– Pulsar VLBI
Crab Nebula
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The MarkThe Mark--1 Era1 Era
The East Coast VLBI “Family”

Program introduced many students to VLBI
– MIT & Haystack (Irwin Shapiro, Chuck Counselman, Alan Rogers)

Allen Whitney Hans Hinteregger
Curt Knight Doug Robertson
Bob Preston Marty Slade
Roger Cappallo Tom Herring
Jim Davis Brian Corey (postdoc)

– NASA/Goddard & U.MD (Tom Clark & Bill Erickson)
Nancy Vandenberg George Resch
Chopo Ma Kate Hutton
Tom Kuiper George Kaplan
Will Cronyn Gerry Marandino



6

11

The MarkThe Mark--1 Pulsar & 1 Pulsar & 
Meter Wavelength VLBIMeter Wavelength VLBI

•Telescopes = 91M @ Greenbank + 

45M @ Sugar Grove + 305M @ Arecibo

•Frequencies = 74, 111, 121, 145, 196 MHz

•Thesis Topics for Nancy Vandenberg & George Resch
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In addition to the 91m, our other VLBI In addition to the 91m, our other VLBI 
Programs used Programs used NRAO’sNRAO’s 43m for Pulsar, 43m for Pulsar, 
Source Structure & Geodesy, and the Source Structure & Geodesy, and the 
Interferometer for General Relativity.Interferometer for General Relativity.
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Some Student Activities during Some Student Activities during 
months spent at NRAOmonths spent at NRAO
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MarkMark--1 used MANY Tapes!1 used MANY Tapes!
10,000+ during “Octoberfest 1972”
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Visiting telescopes in interesting Visiting telescopes in interesting 
places, like places, like Onsala’s Onsala’s 18m18m
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Nancy’s thesis proved that the Nancy’s thesis proved that the 
compact continuum source in the compact continuum source in the 
Crab Nebula at 100Crab Nebula at 100--200 MHz was 200 MHz was 
within a fraction of an arcwithin a fraction of an arc--second second 

of the Crab Nebula Pulsar !of the Crab Nebula Pulsar !
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The MarkThe Mark--2 Era2 Era
1972-1980: The Mark-2 System
– 4 Mb/sec data rate, 2 MHz bandwidth
– Based on commercial Video Tape Recorders

• 2 inch AMPEX
• VHS

– Extensive use by astronomical community
– The ‘East Coast Mafia’ (NASA/GSFC, MIT, Haystack) did 

NOT use Mark-2 very much because the corellator did 
not give good phase data and reproducible results.
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Meanwhile on the West Meanwhile on the West 
Coast, those mean old Coast, those mean old 
outlaws, the nefarious outlaws, the nefarious 
‘Gang of Four’, were ‘Gang of Four’, were 

pursuing their own brand of pursuing their own brand of 
VLBI with the MarkVLBI with the Mark--22
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The Students have funThe Students have fun
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1975 1975 –– 81: PPME & CDP81: PPME & CDP
PPME = Pacific Plate Motion Experiment: A 
Joint program between NASA & Japanese CRL.
CDP = NASA’s Crustal Dynamics Project
– Experimental Test of Plate Tectonics and the 

1978 Minster-Jordan Plate Motion Model
– Regional Deformation along San Andreas Fault
– UT1, Polar Motion, Precession, Nutation
– Techniques = VLBI and Satellite Laser Ranging

Provided significant funding for development of 
Mark-3 Data Terminal and VLBI stations.   $ $ $$ $ $
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Early CDP: The MarkEarly CDP: The Mark--3 Era3 Era
Flexible data terminal with supporting bandwidths up 
to 224 Mb/sec (112 MHz bandwidth) using 1 inch 
tape and 28 channel instrumentation recorders. 
– Up to 28 tape tracks = channels
– Parallel recording on all channels
– Computer Control of Data Acquisition
– Dedicated Correlators

Joint Development between Haystack+NASA & 
NRAO.
Initial tests in 1977, Operational in 1980

22

Mark-3 in 1980
Early Testing at OVRO and NRAO

Tape Recorders have always been a problem !

Censored
Censored

Censored
Censored
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No, it was YOUR fault !No, it was YOUR fault !

Censored
Censored

24

1980/81: A Real Geodesy Program1980/81: A Real Geodesy Program

NASA joins with NGS 
and Haystack to 
develop the first 
Dedicated Geodetic 
VLBI station, the 18m 
Westford Radio 
Telescope
This was the beginning 
of the Polaris network
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Westford’s Dedication Ceremony: Westford’s Dedication Ceremony: 
19811981

26

1981: POLARIS augmented 1981: POLARIS augmented 
with Harvard’s 26m telescope with Harvard’s 26m telescope 

at Ft Davis, Texasat Ft Davis, Texas
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The CDP in 1981The CDP in 1981
NASA’s CDP & NGS’s Polaris projects helped to 

define the VLBI & SLR observing programs & 
technical developments for the decade of the 

80’s
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MarkMark--3 VLBI 3 VLBI 
Gets it own Gets it own 
Tee Shirt, Tee Shirt, 
courtesy of courtesy of 
Kate Hutton.Kate Hutton.
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CDP & Polaris: 1981 CDP & Polaris: 1981 -- 8787
Dedicated geodetic VLBI facilities added at 
Fort Davis, Goldstone (Mojave), Wettzell, 
Hawaii & Fairbanks
Other facilities used for geodesy included 
DSN, Onsala, OVRO, Greenbank, Bonn & 
Kashima.
Mobile VLBI stations used in California (San 
Andreas Fault) & Alaska (NOAM/PCFC 
boundary).
GPS begins to be used for geodesy. 
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Mojave (Goldstone): 1983Mojave (Goldstone): 1983
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Fairbanks Gets Cryogenics: Fairbanks Gets Cryogenics: 
19841984

32

VLBI as seen by the publicVLBI as seen by the public
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VLBI as seen by the publicVLBI as seen by the public

34

AGU AGU 
June 1987
In 1987, CDP & 

VLBI people 
presented a 
number of 
papers at the 
Spring AGU 
meeting.

Strong support 
for science 
community !!
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1984 1984 –– 19901990:: -- GAPEGAPE ––
The The GGreat reat AAlaska & laska & PPacific acific 

EExperimentxperiment

MORE TEE SHIRTS ! !
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Results 1984 Results 1984 -- 19901990
Confirmed most features of Minster-Jordan Tectonic 
model, but with ~10% difference in some velocities, 
especially Pacific - N.America.
Agreement with new NUVEL model very close.
Earthquakes “detected” in Alaska and California.
VLBI LOD shows close agreement with integrated winds 
from global climate models.
Free-core nutation of the Earth’s core detected– Annual 
Period with amplitude of ~ 2 milliarcseconds.
Etcetera!
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The 1989 Loma The 1989 Loma PrietaPrieta EarthquakeEarthquake

VLBI 
answers 
were 
available 
BEFORE 
data 
from 
GPS!

38

1990’s: IAA joins the world1990’s: IAA joins the world

We were very pleased 
to be visited by 
Andrej Finkelstein, 
Sergei Pograbenko & 
Irina Kumkova in 
1989, telling us about 
IAA and the plans for 
the QUASAR project.
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IAA visits WashingtonIAA visits Washington

Visiting 
President 
Bush (the 
first one)

40

This is Nice This is Nice (in France)(in France)



21

41

The 1990’s The 1990’s –– The MarkThe Mark--4 Era4 Era
More Data Bandwidth 

⇒ Higher Sensitivity
More Spanned Bandwidth 

⇒ More Precision on Delay Measurements
Smarter Schedules

⇒ Better Data Accuracy
New, High Quality Stations & Better Networks
Expanded Correlator Capacity

ALL OF WHICH MADE BIG 
IMPROVEMENTS IN DATA QUALITY
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The 1990’s The 1990’s –– The MarkThe Mark--4 Era4 Era

BUT – These data improvements came at 
the cost of many, many problems with: 
High Density Tape Recorders
Recording Heads
Expensive Tape
Expensive Tape Reels
Tape Shipping Problems
Etcetera!
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MarkMark--5: The New 5: The New MilleniumMillenium

Tape & Tape Recorders have always been a major 
weakness of VLBI:
– Heads are expensive - Tape is expensive to buy
– Mechanical problems in recorders         - Tape shipping problems
– Reliability at stations is poor - Etcetera

The cost of large consumer disk drives falls below 
the cost of tape. Each disk drive contains the 
mechanical drive & heads in ~2000.
Mark-5: VLBI uses an array of computer disks & 
NO TAPE !! NO HEADS !!  NO RECORDERS !!NO TAPE !! NO HEADS !!  NO RECORDERS !!
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Real MarkReal Mark--5A Hardware5A Hardware
8 standard disk drives fit in two trays 
for each terminal. Each disk drive is 
typically 2+Terabits (> 250+ Gbytes)
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EE--VLBI in the New VLBI in the New MilleniumMillenium
In addition, all the Mark-5 hardware is now able to send data 
bits through the Internet. 
When big Internet “pipes” are available at all stations (a few 
hundred Mbits/sec), then VLBI can run in real-time without 
the need to ship any data (No UPS or FedEx !).
When the “pipes” are  smaller, then data can be sent back 
more slowly (like one day to send 2 hours) after using Mark-5 
disk as a buffer. This may be faster & cheaper than sending 
via UPS/FedEx.
EVLBI can use “dark fibres” that are spares.
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VLBI VLBI –– My 35 Exciting Years ! !My 35 Exciting Years ! !

For me, the past 35 years have been a very exciting 
challenge.
A group of colleagues built from zero a scientific measuring 
“engine” that improved measurement accuracy by many 
orders of magnitude.
We transferred the technology to many new partners around 
the world.
We made many new friends and became global travellers.
Our work has been appreciated by our scientific colleagues. 
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AGU Honors the VLBI GroupAGU Honors the VLBI Group

Bowie Medal:
– Irwin Shapiro

Macelwane Medal:
– Tom Herring

AGU Fellows:
– Chuck Counselman
– Alan Rogers
– Tom Herring
– Tom Clark
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An Honor An Honor 
from from 

Goddard:Goddard:
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And now the IAA Medal !And now the IAA Medal !

Thank you very Thank you very 
much!much!

Tom ClarkTom Clark
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A few photos A few photos -- SvetloeSvetloe
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Sasha Ipatov and me at SvetloeSasha Ipatov and me at Svetloe
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Svetloe’sSvetloe’s Control RoomControl Room
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MarkMark--4 Field System running 4 Field System running 
the Svetloe telescopethe Svetloe telescope
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The Frozen Baltic SeaThe Frozen Baltic Sea
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The Frozen Baltic SeaThe Frozen Baltic Sea
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The Frozen Baltic SeaThe Frozen Baltic Sea
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Coffee in  Andrei’s OfficeCoffee in  Andrei’s Office
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Parties every nightParties every night
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Touring the IAA LabsTouring the IAA Labs
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With every meeting With every meeting ----Vodka!Vodka!
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And with Jack !And with Jack !
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The HermitageThe Hermitage
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St. St. Isaak’s Isaak’s CathedralCathedral
The view from our Hotel window
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St. St. Isaak’s Isaak’s CathedralCathedral
The view from our Hotel at NightThe view from our Hotel at Night
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Cathrine’sCathrine’s Palace @ Palace @ PushkinPushkin
in the snowin the snow
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Dinner at Andrei’sDinner at Andrei’s
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Andrei presents Andrei presents 
the Gold Medalthe Gold Medal
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Presenting the Award LecturePresenting the Award Lecture
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Andrei, Irina, Elizabeth Andrei, Irina, Elizabeth 
and Rosesand Roses
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