RADIO LINK INTERFEROMETRY IN THE 1960s

PIONEERING LBI AT JODRELL BANK

PUSHING ANGULAR RESOLUTION TO THE LIMIT

George Miley
Leiden Observatory

e SCIENTIFIC DRIVERS FOR LBI

e JODRELL LBI-EXCITEMENT

e “Only show in town” for most of the sixties
e Combined with sputnik tracking — Jodrell regularly in News

 LBI-PIONEERING SCIENCE DIPLOMACY




SCIENTIFIC DRIVER 1
RADIO GALAXIES AND QUASARS

* REVOLUTIONISED ASTRONOMY

* 1948 - Redshift of Cygnus A,
* 2z=0.056 (Baade & Minkowski, 1954)

* 2nd brightest radio source in sky
* |In principle observabletoz>10

* 1963 Quasi-STELLAR radio sources (“quasar”) 3C273
e 2z=0.158 (Schmidt, 1963)
* Enormous energy in stellar-like region. HOW COMPACT??

ENORMITY OF UNIVERSE — PHILOSOPHICAL IMPACT




g_fIEIilI;ITIFIC DRIVER 2
Y STATE THEORY OF COSMOLOGY 1948

Hermann \ |
Bondi

Age 27

Tommy
Gold

Age 27

Fred
Hoyle
Age 32

ADY S
- TATE
© THE
HEORY oF Tyg
EXPaA
NDIN’
NG

H. Bonds
di and
¢ o UNIVE
(Received Colé NIVER SE
o The appi & 1948 July 1) A NEW MODEL FOR THE EXPANDING UNIVERSE
Titi, rabyil:
o :c:\") h‘;ﬁ;l}gny of the law ummary F. Hoyle
cusm;,;‘;:;napv hO:‘nnd that 'err:s(:f_ terrestrig) pp, (Received 1948 August 5)
Properties :r:ls'tx on,;?:neous um'::: physics g m{Su_s t0 cosmo}, Summary
ol scconsfdemtil:ve!ﬁm&?ch a um'v;.::: Thcrefor(.use u"a::{,() is examined By immd!.\cling continuous creal‘;'\un of matter into the ﬁe\d equations gf
o I'Vations th ns of 10(__81' h ’ e imp]' a §tr,‘c‘ [ 18uously g nl genzynl ﬂ\?ﬂ‘ﬂt‘j a stationary um\_mrse showing expansion pmpemes is
or ':i';uous Crca:t the u“‘-ve'mennod),nm"_ ications Ofaif,al basis fo‘: obtained without recourse t0 2 cosmical constant-
Surece on of e m ics | min,
statio, obsery matter 5, St be g these
fre foﬁfg ho, og;)‘:)n. The ':lz:ﬂcc at ::: anding, g, bage for m . Intfodu(t‘fon.-—(:reatiun of matter Was mentioned about twenty years 380
The op° 8ive OUS universe rvable prtc which s ;n“- there Ore article by Jeans (1) who remarked:
detail, m‘:,hy"cal pro agree are obtaine :; Perties of so“’evcr, far":llSt Y «The type of conjecture which presents itself, somewhat insistently, 18 that
the Pmug;e Tties of the » and all the uch an cXpaoo low the centres of the cbulae {galaxies) a7 of the nature of cingular points, 3t W i
e formulatio, creation pro, Ohscf\'an'nna]"d’"g matter is poured into our UNIVerse from some other and entirely extraneous spatial
n of a field t;:c SS are cons;j tests dimension, so thats to a denizen of our aniverse, they appear as oints at which
LI The L. The cory js cn,’:fldered in s matter is being continually created” Subsequent astroP ysical developments
axiom of ph unrestricted Perfect cogy, cally dichs:cm" have, however shown little support for this particular form of creation.
not affecteq Ysical scie repeatabil; tological Princi e More recently Dirac (2) has pointed out that continuous creation of matter
of cosmo], by the po ce.  Thig bility of 4 Wl can be related 0 the wider questions of cosmology: The following Wor is
and, in mogy must b sition and h'mPhes that €Xperiments ; concerned with ¢his aspect of the matter and arose from a discussion wit]
Physic ™, a suj € princj the tim the outc, S Is the [ Gold who remarked that through continuous creation of matter it might be
ysics we Uitable o cipally € at which tcome of funda B btai i . o ich th 4 ot
can hay haye €osmolo .COnchc ¥ ch it js f) an ex " mentaf possxﬁle to obtain an exga.n ng u_n.werse in which t _epmper _enstty of matter
ariad ap necome ace 8Y is requj with thj carried oyt Periment js remained constant. This possibility seemed attractives especxaﬂy_when taken
Hhand el ustomed ired for jtg ; s fundame, - A syste in conjunction with aesthetic objections to the creation of the universe in the remote
rhavanet to distingy,; Justificatj ntal assym o past. For it is against the spirit of scientific enquiry to regard observable effects
e vwhin Buish betwee on. In Iah Ption as arising from * wusesunknowntose‘xence”,-mdthia'mprincipleiswhatcreation—
n conditiong \x_ in-the-past implies:
. Bondi for valuable comments on the

a2 dvenunga dit .
hle 1018 which The writer's thanks are due t° Mr
present paper and also for many discussions on the general problems of cosmology-
2. Newtonian Uﬂiverses.——We begin by mentioning the difficulties occurring
ot theories of the expanding universe. A comprehensive review of

Perfect
Cosmological Principle el



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

Redshift

Hoyle, F. 1959,

Paris Symposium on Radio Astronomy,
~__Einstein-de Sitter |AU Symposium No. 9

URSI Symposium No. 1

[ Stea dy-state theory
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5. Apparent diameter Al of a source of absolute
diameter 1), plotted against redshift.




JODRELL BANK - CRADLE OF LB
P - Mark | Control Room

Long baseline
interferometer control room

* 1957 Completion of Mark | Telescope - later Lovell Telescope
e Largeststeerable telescope - 250 ft diameter



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

JODRELL GROUP 1963 WHEN | JOINED

= B ' 1964 e Forgotten heroes of LBI
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MOST RECENT LONG-BASE-LINE EXPERIMENTS

Date Name Frequency Base Line Collecting .
(mHz.) {km.) (wavelengths) Area®

1961 Holywell 158.0 60.3 32,000 710

1963 Lincoln 158.0 115 61,000 710

1964 Pocklington 408.0 131 180,000 390

1965 Malvern (Deflord) 1420.0 127 600.000 1,600

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



LONG BASELINE INTERFEROMETRY IN THE SIXTIES

s

QUEST FOR HIGHER AND HIGHER RESOLUTION

|| HOLYWELL

Defford 1965 — 67
1.4GHz, 5 GHz

ANCHESTER

MUCKLESTONE &

POCKLINGTON

1964, 408 MHz

WINDY
HILL

HOLME MOSS

S—

ngf’if ¢ .L INCOLN
o BIRMINGHAM Wilf’s 8m diam. dish at Pocklington

Controlled remotely
camemioce | BUilt by a PhD student

OXFORD.
LONDON ®—
MOST RECENT LONG-BASE-LINE EXPERIMENTS
Name Frequency Base Line Collecting

(mHz.) {(km.) (wavelengths) Area®
Holywell 158.0 60.3 32,000 710
Lincoln 158.0 115 61,000 710
Pocklington 408.0 131 180,000 390
Malvern (Deflord) 1420.0 127 600.000 1,600

" Malvern (Defford) 5000.0 -~ 127 2,100,000 -

940 (Mark II)



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

A radio interferometer for use with very long baselines
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Fic. 3.—Block diagram of radio link system. M, mixer; T, microwave transmitter;
R, microwave receiver; S.A., signal amplifier; C.A., continuous wave amplifier; F, frequency

multiplier to convert 77 Mc|s to 15-4 Mc[s; L.O., local oscillator.

in Mc[s.

The numbers are frequencies




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

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

» . ~ s g ¥ . Fi1G. 7(b).—The locus of observations on the fringe amplitude plane showing the positéons
~The :pheru:al tm”gle used f oricala‘lat’ng d‘-ﬂ-ermual delay s and reso of maxima and minima for the source model consisting of two points.

Two deductions can be made from these equations. First, equation (8) shows
that, for a given actual baseline, the east-west component of the resolution
depends only on the hour angle of the source and not onits declination. Secondly,
it can be shown that the locus of the point of observation on the fringe amplitude
plane is an ellipse, for if we have an ellipse with semi-major axis @ and semi-minor
axis b its equatien can be given in terms of the parameter ¢ as

x=asing¢
- y=bcos¢



ROWSON FRINGE FREQUENCY/ DELAY

MACHINE

Tracked fringe frequency and delay

Delay = k+K'-FdI=k+ KLf cosdcos Dcos (H—h)
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ROWSON FRINGE FREQUENCY/ DELAY MACHINE
ON TEST BENCH
Tracked fringe frequency and delay out to B >7100 km

C

Delay = k+Kde:=k+ KL} cosdcos Dcos (H—h)
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courtesy
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QUEST FOR HIGHER RESOLUTION - ARE THERE FRINGES?
Jodrell - Defford Baseline - 5 GHz 2 MA

3C273B
UNRESOVED

1938-15
RESOLVED

FRINGES

2 =< | DURING MY
o2 NIGHT-DUTY
z%cs a December 1966

Fringes observed from 3C 273 on 19th December 1966 (4998 MHz)



| Letter Published: 26 November 1960

1960

A RADIO INTERFEROMETER FOR USE WITH

1962

New Limits to the Diameters of Some Radio Sources
L. R. ALLEN, H. P. PALMER & B. ROWSON

Nature 188, 731-732 (1960) \ Cite this article

VERY LONG BASELINES

O. Elgaroy*, D. Morrist and B. Rowson

(Received 1962 June 6)}

1962

1965

by

.5

AN ANALYSIS OF THE ANGULAR SIZES OF RADIO SOURCES

L. R. Allen, R. Hanbury Brown and H. P. Palmer

962MNRAS.125..

(Received 1962 July 18)*

Letter Published: 01 January 1965

Observations of the Quasi-stellar and Other Radio
Sources with an Interferometer of Resolving Power 0.4
sec of Arc

B. ANDERSON, W. DONALDSON, H. P. PALMER & B. ROWSON

1965

Article Published: 01 February 1966

Angular Diameters of Some Radio Sources with
Anomalous High-Frequency Spectra

D. BARBER, W. DONALDSON, G. K. MILEY & H. SMITH

Nature 209, 753-755 (1966) | Cite this article




JODRELL - DEFFORD (RRE MALVERN

Letter Published: 25 February 1967
Radio Diameter Measurements with Interferometer
Baselines of One Million and Two Million Wavelengths

1 967 H. P. PALMER, B. ROWSON, B. ANDERSON, W. DONALDSON, G. K. MILEY, H. GENT, R. L. ADGIE, O. B.

SLEE & J. H. CROWTHER

Nature 213, 789-790 (1967) | Cite this article

with a 21 em interforometer between Jodrell Bank and

the Royal Radar Establishment, Malvern, over a baseline

L ETT E RS TO T H E E D ITO R of more than half a million wavelengths have already been
published’?. Nine sources were shown to be smaller

than 0-1 sec of arc in at least ono dlmensmx:i Dur}:ng 1066

the performance of the digital {ringe s machine was

ASTRONOMY grmfl(;' improved and, mgnddm:xf top?:rther measure-

Radio Di i ments at 21 cm, observations were made at the shorter
io Diameter Measurements with wavelengths of 11 cm and 6 cm, the radio telescope

'“‘9"0":"_;_“"’5“""'"” of One Million Mark II being used in place of tho Mark I at Jodrell
and Two Million Wavelengths Bank. At the shortest wavelength the maximum effoctive
MEASUREMENTS of the angular sizes of radio sources made baseline is greater than two million wavelengt

Table 1. SUMMARY OF OBSERVATIONS AT WAYELENGTH 4

Source Identification Max, baseline mx melm» Mlx bascline Notes on the observations?
nd red-shift (2)§ 10 104
3C 48 Quasar (%=0-367) P‘ F — Resolved at moat honr angles but results not yet
fully interpreted
0202+ 14 (VRAO 91) F F - Unresalved.* 0 < 0-05”
cTAn r F - No signifioant chango in ringe amplitude with
solved. 0<0-06"
3084 Seyfert galaxy (Z=0-0172) r J Nn nlm(ﬂmm nlmn e in rnm amplitude with
PNy g R iy W g
NRAO 140 F ¥ - Unresolved.* 6 < 0:05"
NRA40 150 r F — Unresolved.* 6 < 0-05°
0403-13 Quasar (Z=0-571)t F F — Unresolved. a <005
3C 119 Quasar? F F - o signiflcant, change in fringe amplitude with
Sous Aagie, Uarcsolved. 6< 000
0430+05 axy (Z=0:03)t F ¥ - Unresolved.* @ < 005"
0440-00 (YRA0 190)  Quasar — F — Unresolved.* 0 < 0-05
3C 138 Quasar (Z=0-75 F » - Double. Component separation <0-2"
Quasar F ¥ — Double. Component separation <0-2*
Galaxy F NF — Dimensions >0-2"
F F = Unresolved.* 6 < 005"
Quasart - ¥ - TUnresolved.* 0 < 0057
Galaxy F - — Double. Component separation~1"
Quasar F P — Unresolved.* 0 S 005
Quasar (Z=1:187) F F
F F —
3C 273R F ¥ F saiticant rhfmge in fringe amplitude with
angle. Unresolved. 0 < 0-025
scam Galaxy (2 =0:00430) ¥ ® — Unresolve fore, 0 < 01 Dn contalning small
age of the total flu
1245-10 Quasart F - Unresolved.* 0 < 0-05°
30 279 Quasar (7 =0-540) F 3 ¥ No siguifiount change in fringe amplitud with
angle. Unresolved -
3¢ 280 F —
3C 287 Quasar (Z =1065) F r — No significant ehange In fringe am litude with
hour angle. Unresolved. 0 < 0-05'
3C 280 Quasar (Z=0-849) F ¥ - e significant change i fringe amplitude with
‘hour anglo. Tnresoived. 0 <
30 205 Galaxy (%=0-460) r F — Low fringe visibility at minimum mnlnmm
30 208 Quasar (Z=1-436) v NF — -
30 3001 Quasar (Z = 0:904) ¥ F - Unresolved.s 0 < 0:05°
1508-05 — F — Unresolved.* @ < 005
1510-08 Quasar (Z=0361) ¥ F — Unresolved. 6 € 005"
3C 348 F — - See text
3C 3431 F - - Soe text
3C 345 Quasar (7 =0-505) I — No significant ehange in frirge amplitude with
hour angle. Unresolved. 0<0-0f
NRA0 530 ¥ » — No significant ehange in frings nm plitude with
hour angle. Unzesolved. 6<
30 380 Quasar (Z=0-63) ¥ 4 o slgnmcuu change in fringe -‘lmvllludz with
hour angle. Unresolved.
1985-15 r F Double. E.~W. separation
3C 405 F F Tow fringo visibllity at mininnm resclation at
both 21
3¢ 410 ¥ NP - Dimensions >0:1°
30 418 F F — TUnresolved.* 6 < 005"
2127404 F F - Unresolved.* 0 5 005"
2145 +06 Quasar F r — Unresolved.* 0 S 04
2205-18 Quasar F P - Unresolved.* 0 < 0:05
3C 446 Quasar (Z = 1-402) F F = Unresolved.® 0 < 0:05"
T4 102 Quasar (Z=1-037) ¥ ¥ No significant cmnge m Anmze apyplitude with
“hour angle. Tn <005
304543 Quasar (Z=086)+ F ¥ F No significant rhxnge in fﬂmu- amplitude with
angle. Unresolved. 0<0:025"
FIndicates thut fringes were observed. NP, indicates that ringes wero not observed, —, indicates o omnmom
ot obsered at all hour angles, but shows no change In fringe amplitnde betweo at different resol
5 A1 Tt Jdontlcatione And SlshiR meamaroments Sion hacs TAVE boan Dabaned. extopt trass Markod 1 which more Lingly comvaunicated to us

by Professor Bottonin adva uuMrpmvuumon. The red-shift parameter Z = where 2 and Zen are the wavelengths at which the radiation was observed
and emitted respectivel
3 The angular disme

0, of each sourcc is given for the shortest wavelongth at which the source was obscrved.




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 Ais double.

The heroes of the quasar discoveries were clearly Palmer for
his brilliant measurements with his Jodrell Bank colleagues
of the radio angular diameters, .......... 7



PAVING THE WAY FOR LOFAR AND LOFAR VLBI

130 KM BASELINE AT 38 MHZ

at 38 Mc/s

Discrete Radio Sources

by
Q. B. SLEE*
Royal Radar Establishment, Malvern

P. K. WRAITH

University of Manchester,
Nuffield Radio Astronomy Laboratories,

Nature 214, 971-974 (1967)

Long baseline interferometer observations between Jodrell Bank
and the Royal Radar Establishment of thirty-four radio sources
have provided valuable information about radio source structures.
lonospheric and interplanetary scattering effects are present at
38 Mc/s but do not prevent high resolution studies of sources.
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QUEST FOR MORE SENSITIVITY
THE MARK 1ll TELESCOPE 1967
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QUASAR ANGULAR SIZES DECREASE WITH REDSHIFT
GM Nature 218, 933 (1968)

STEEP-SPECTRUM QUASARS
SPECTRAL INDEX < -0.7
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DEVELOPMENT OF INDEPENDENT LOCAL OSCILLATOR INTERFEROMETRY

*1963! Visit by Lovell to Crimea Lovell |
* 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

Shklovsky

See Lovell’s book “Out of the Zenith”

*1965- 67 Development of tape recording interferometers
* Video taperecorders
* Atomic clocks

e Justtoo late

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

*1969
--Jodrell - Arecibo



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

Viktor Effanov
Crimea Observatory

John Payne
NRAO Engineer

Simeiz Radio Observatory

Ivan Moiseyev, Director,
Crimea 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
e Sir Bernard Lovell - master politician and diplomat
* intrigued by science
* pioneered science outreach

* Can present geopolitical situation be exploited for astronomy?
* Pressure forincreased 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
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