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DIRECTION 1S UNCHANGING

'he Canadian Press.
Msy 4.—A chlval-

n which Viscount Xnebworth,
- pilot, and Alrcraftman Harrison
lost thelr lives, was made by
Flight Lleutenant Erle Hobson
at the. inquest today. Despite
Lieutenant Hobson's action, a
verdict of "death due to misad-
venture' was returned.

Licutenhnt Hobson, the leader
of the section of which Lord
Knebworth was a member, de-
scribed how he unaccountably
lost his héight and at the endofa

BIG NEW INVASION
PLANNED BY JAPAN
ONROAD TOPEIPING

Larger-Scale Offensive Than
Last Is Announced to Open
Soon in North China.

CHIANG RUSHES AID NORTH

League Reserve La .
By Drop in Dollar Value

Bpecial Cable to Tez NowW York TIMES.

GENEVA, May 4.—~The League
of Nations supervisory commit-
tee dlspersed today after finding
its already difflcult task of bal-
ancing the League's $6,000,000
budget made much harder by the
dollar leaving gold.

Practlcally all of the League's
reserves, totaling $5,000,000, are
kept in dollars. When the bank
moratorilum was  proclaimed,
League officials, after consulting
bankers, declded to trust in the
dollar. They have now sustained
a paper loss of nearly $1,000,000
and have had to exchange part
of the reserve at a loss of be-

JUSEVELT ASKS PAY RISE FOR WORKERS;
PROMISES TO"HELP BUSINESS END CHAOS;
HE SENDS RAILROAD BILL TO C ON GRESS

Special to Tax Naw Yoax Tiues.
WASHINGTON, May 4—High lights of the administration’s
emergency vailroad bill, transmitted to Congrese today, are. as .
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Interferometry: one-slide tutorial

= Michelson & Young, 1890s: measurements of stars’ diameters
= Synthesis of large apertures (by poor and curious people)

A A R

P
N

. /1 Large aperture —
B high sensitivity

D

mml high angular
B resolution

At present, interferometry in astrophysics covers
wavelengths from103 cm (~30 MHz) to 10-4cm

(~300 THz), except sub-mm & far IR

Very Long Baseline Interferometry (VLBI)
— the ultimate angular resolution in astrophysics
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1963—-1965: Space VLBI “conspiracy”

Matveenko, Kardashev, Sholomitsky 1965 (manuscript of 1963)

™ Gusnueckuit uacruryt uM. I1. H. Jle6Genesa . : IMoctynuaa B penakuuio
P AW COCD ‘ 27 sinpaps 1964 r.,
M3BECTHUSN BBICHIHNX YYEBHBIX 3ABELEHHUMN nocsne ROopaGOTKH

Tow VI, Ne 4 PADHODH3MKA 1965

14 swBaps 1965 r.

ON RADIOINTERFEROMETER WITH A LARGE BASE
L. I. Matveenko, N. S. Kardashev, G. B. Sholomitsky

The radiointerferometer system without retranslation has been considered. The
signal registration at the intermediate frequency is carried out independently by each
antenna (by recording on a magnetic tape) with subsequent common processing of

5 these results. The usage of two independent heterodynes imposes the following con-

Gennady
Sholomitsky

Nikolai dition for their frequency stability ¥ 57Z/fy < 1.6-10-11D (D is the base length in
km). The merits of such interferometer have been discussed.
— Kardashev .

Leonid
Matveenko

\

® The [interferometric] system proposed here can be used conveniently for radio astronomy
observations from artificial Earth satellites. A system consisting of two antennas, placed on satellites,
would allow getting not only amplitudes but also spatial phase parameters of interference on long
baselines, thus enabling investigation of detailed brightness distribution in discrete radio sources of
very small angular sizes. In this case, ionosphere and troposphere fluctuations that make phase
measurements very difficult are eliminated.

= [Ipemnaraemyro cuctemy ynoOHO TaKKe MCIOJIb30BaTh sl paguoacTpoHoMuueckux Haomooaennu ¢ MC3. Cucrema u3
JByX aHTE€HH, ycTaHOBJIeHHbIX HA C3, paboTatolias no onrucaHHOMY BBIIIIE IPUHITUITY, TO3BOJIMT MOJIY4YaTh OPU OOJIBIINX
0a3ax HE TOJBKO AMILIUTYIHbIC, HO U TPOCTPAHCTBEHHO-()A30BbI€ XaPAKTEPUCTUKU UHTEPPEPEHIINH, a, CIETOBATEIIHHO,
JETAIBHO UCCIIEIOBATh PACIPEICICHUE IPKOCTH JUCKPETHBIX HCTOYHUKOB OYEHb MAJIbIX YIJIOBBIX pa3MepoB. B aToM
CJIy4ae yCTPaHSIOTCSI HOHOC(hEpHBIE U TponochepHbIe QUIYKTyalluu, SIBISIONIAECS OCHOBHBIM MPEMATCTBUEM MPU
u3MepeHuu (asbl.
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1967: the first VLBI fringes
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VLBI fringes on 3C 294 (short baselines),

VLBI technology demo

Broten et al. 1967, Science 156, 1592-93

Table 1. Interferometer fringe visibility, S,
21.5 X 107 watt/m* per hertz assumed flux
for 3C 286 at 610 Mhz; S/§,, assumed ratio
of flux to that of 3C 286; F/F,, ratio of
fringe amplitude to that of 3C 286; -+, fringe
visibility.

Source S/S,

3C 237 0.51
iC 273B 82
3C 286 1,00
3C 287 0.49 0 i4

VLBI detections (OH) Haystack—NRAO,
observed 1967.06.08
Moran 1968, PhD thesis, MIT

VLBI detections NRAO-USNO
Bare, Clark, Kellermann, Cohen, and
Jauncey 1967, Science 157, 189-191

Plus: “unrecorded Mklll-style VLBI developments @ Jodrell Bank, 1967 (P.Diamond, 19*%)

For first-hand history details — see
Moran J.M. 1998, ASP Conf. Ser. v. 144




SVLBI science drives: A/B at work

= The quest of high brightness in extragalactic sources

= related physics of the innermost regions in AGN
* pro memoria: tackling high T needs physically long baselines!

* Earth (~10% km) matches perfectly Tg ~10*2 K in ~ 1 Jy source

= Enigmatic (stellar) maser sources known to be compact

= Above all: pushing the parameter space envelope




SVLBI science drives: A/B at work

= The quest of high brightness in extragalactic sources

= related physics of the innermost regions in AGN
* pro memoria: tackling high T needs physically long baselines!

* Earth (~10% km) matches perfectly Tg ~10*2 K in ~ 1 Jy source

= Enigmatic (stellar) maser sources known to be compact

= Above all: pushing the parameter space envelope

"We do it not because it’s simple but because it’s hard”
—John F. Kennedy, May 1961



Best (imaging) angular resolution across EM spectrum
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Three generations of Space VLBI
1986—88 1997-2019 >2030

‘)

Must be more sensitive!
Must be versatile

Must be more efficient
Must be user friendly

Design studies:
KRT-30 (1978-82)
QUASAT (1980s)
IVS (1987-91)
ALFA (1990s)
(i)ARISE (2000s)
VSOP-2/Astro-G

TDRSS-OVLBI, @ 5m




TDRSS-OVLBI: proof of SVLBI concept, 1986

»
-

h
_“

Gerry Levy

-
-
.
-

4
,

B=2.2Dg 1

» First Space-Earth VLBI fringes in 1986
« 2.3 and 15 GHz, 3/4 ground-based telescopes, Mk3 (28 MHz /width)

« A dozen of strong quasars detected
Levy et al. 1986, Science 234, 187



VLBI beyond the Earth diameter: VSOP mission
ISAS, Japan + world-wide collaboration (1988; 1997-2003)

Angular resolution:

v zﬂ,/B

Time difference 16us

Ground-based VLBI: A=6cm; B=10000km =& ~1.5mas =

& AN TNIRENGEN
b L R R T

A,




Inter-Agency Consultative Group, Rome, 7 Nov 1986

AP




Inter-Agency Consultative Group, Rome, 7 Nov 1986
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RadioAstron (development since 1978; 2011-2019)

* 10-m antenna

« 0.327, 1.6, 5 and 22 GHz
 Dual-polarization

» Data rate128 Mbps

» 2 on-board H-masers

-

« Apogee (initial) — 343,000 km
« Data reception — Pushchino (RU),
Green Bank (USA)

* Leading agencies:

* Roscosmos

» Russian Academy of Sciences
* In development since 1978




3C 279 with RadioAstron: spiral filaments Fuentesetal, 2025, in prep

b Apr 2017

= 27 pasin EW dir.

= Alignment vs. core
shift (~35 uas)

= DRqp = 100xDRep

\ = Messy inner
EHT ALmm . Lo morphology

c 2014.02.25 R - Spirales and knots

Parsec-scale jet
J

Jet funnel

| 3 ‘—-"‘--—_____ f
E— ( Helical filaments
0.0 0.7 1.5 22 29 0.0 0.2 0.4 Accretion + \

Brightness temperature (102 K) Fractional pola disc \
Region of enhanced e
emissivity (component C32)



SVLBI space-borne hardware (TRL="?) (e el

= Antennas ~10 m and larger: tests, tests, tests... L"JSSOﬂ

“Analogue” instrumentation:

problems with
« HALCA: 22 GHz
 RadioAstron: 5 GHz
« Digital instrumentation:
« well behaving, but
 Data rate lower than needed

TDRSS VSOP LT ?”’.
i-ofk DRetalions 19973003 both missions — great success!

Diameter of antenna [m] | 58. | 88 | 10
Binax [ED"
Wavelengths [cm] 13,2

2

Data rate [Mbps]

#Maximal baseline projection on the image plane
in units of Earth Diameters [ED].




It’s about coherency...

Specific for Space VLBI

L

Active space-qualified H-maser
ASC, ~2008

« Both, PLL (HALCA and RadioAstron) and on-board H-maser (RadioAstron only) worked fine
» S0, optimise the cost or operational parameters



Three generations of Space VLBI
1986—88 1997-2019

THEZA

TDRSS-OVLBI, @ 5m




RadioAstron—-EVN MoA
1986, N. Kardashev & G.Setti




Summary
= Space VLBI: inevitable, difficult, but doable

= Science legacy:
= Brightness in AGN is somewhat above theory limits
= No “stunning” Ty values?
- Stellar and mega-masers: brighter than expected?
= Refractive scattering at work?

= The main technical bottle-neck — data downlink (data rate — likely
to be driven by indust




I‘JI.. ARy 0

‘VladimirAndreyanov Haruto Hirosawa
1931-2016  T—— b.1940
RadioAstron / . VSOP-HALCA
.
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Nikolai Kardashev
1932-2019
RadioAstron
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Inter-Union IAU URSI WG on Historical Radio Astronomy

https://rahist.nrao.edu



