Innovation and Discovery
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Getting into Radio Astronomy In
1963

« Summer school at CSIRO radiophysics
— lectures from Bolton, Bowen, Christiansen, Kerr....

- visit to Parkes Telescope il

» ANU grad student
— Bart Bok enabled flexibility
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Mentors
John Bolton

— Anyone can get a PhD with a telescope like this (Parkes), but
you will have to earn your PhD!

— the beginning of the networks
« meeting people - eg Fred Hoyle.... at Parkes

— beginning of my obsession with questioning things
Radhakrishnan

— Was supposed to teach me interferometry
« arrived by sail boat just as I finished my PhD

— thought experiments and the deep physics
Jan Oort

— the value and simplicity of the big picture
Dave Heeschen on management

— how to herd cats

— Too much paperwork work indicates weak management
— value your user community
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On Wavelength Chauvinism

» | eventually realised that specializing in one
observational field (radio astronomy) but being
an astronomy generalist was not only a credible
approach to research but possibly a better
approach.

» The modern mainstream consensus Is that
astronomers should be multi-wavelength
observers while specializing in a narrow area of
astronomy.

 This may not be the best approach!



Specialise In the Instrument not
In a narrow field of astronomy.

» Many discoveries are made by instrumental
experts not astronomical specialists

« Matching an opportunity enabled by new
technology to an astronomical problem is
easier If you can cover all areas of astronomy

 Cross fertilization generates innovation

— an instrumental specialist will be interacting with
astronomers from many areas

* A diversity of research styles enriches the



The technology path

» The following examples from my career
shows how | followed a technology driven
path




Interferometer: 1965
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Fitting models to visibility

NEEE amplitudes
'15
;%%ﬂﬁg%ggg } Double source with outer
" hotspots and spectral
gradient

 What are the Radio Galaxies?

» Luminosity v Linear size plot
— Evolutionary model accepted in the community
— But the predictions were wrong!
— |Is this the way to do science?



Pulsars at Caltech 1968

- doing IPS experiments at Goldstone when pulsars
were discovered

* Interactive system to display pulses

* New York pulsar meeting

— almost all discussion was about pulsating
white dwarfs
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General Relativity Experiments

 Goldstone 1970
— Improvised an interferometer using NASA dishes
— Measured the light bending

. WSRT 1974

— two sources simultaneously to remove troposphere
— example of pushing the instrumental boundary
— But no where in the form for two sources!
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Westerbork: 1970

« 12 X 25m dishes
1.5km linear array

— Two moveable
— 10 redundant spacings
— Self calibration

— Two more dishes at




Understanding sidelobes

« Simple linear array
made It
conceptually easier

Hogbom Clean




NGC326 — pressing jet
Binary Black hole?

* From the WSRT
low luminosity snap
shot project




NGC326 — pressing jet
Binary Black Hole?

 Martin Rees 1978

— One black hole already
pushes credibility — two
was a step too far

VLA 1.4GHz
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~&x 10% yr for the full circle. in the inner part of cllipticu)
alaxies where solid body roration is seen fhe rotation periods
are about 10° yr (rel. 20, which may e too shaort to explain the
radics data an the hagis of the offset beam. I the motion of the
beam is caused by procession of a pascous disk the langer time
scale implied By the radio data Becomes teasonable,

Tl the radio axis 1s associabed with a much smaller object such
as 2 black Aole in a rilved agcretion disk then the motion of the
axis will be rolated to the Bardeen and Pettorson cffect™ a
discugsed by Rees®,

We thank Dirs B. Sanders and M. Rees for helpful! discassions.
The Westerhork Observatory iz operated by the Netherlands
Foundation for Radio Astronomy with the Hnancial suppoct of
the Netherlands Qrganization for Pure Research (Z. W0 )
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Limits on cosmic radio bursts
with microsecond time scales

I't has been sugpesred' that black holes of mass =10"g
evnporate in -1 yr, ltimately annililatiog into a urst of
epergetic photons and particles. This explogsion would produce
werays directly, and & radio pu.lsn with a characteristic Irequency
of 3 GHe and an energv ~10% grg may atso be generated”.
It hax been shown™™ that such a radio burst would be far more
easily detected than the cotresponding y-ray burst, Estimates of
the energy in the radin burst are uncertain by many orders of
magiitude, and it is, of course, not known whether any primor-
d1al hla.i:k hulns cne.l al afl; howe\'er thc l;.upllmrmns of a

.

Nuotwre Vol 276 7 December

10 MHz band at 5 GHz we would
pulses o =10 s, [t is interesting
character would not be detected wif
monly wsed in radio astronomy
although such a pulse can exsily b
designed receiver. The existence of
Lo astrophysical phenomena provig
ruch a search,

Limits om the radio pelse emissia
holes have already been g2t by u
wide-beam searches for radn pubse
by supernovag’™. In contrast to the small, low-gain antc
wsed in those searches, we have used the 25-m Dwing
radiotelsscope:; our objective was nol only W probe
virlumes of space [or possihle bursts from exploding hlack b
but also to observe a variety of specific objects with
sansitivity and time resolution.

Table 1  Sourees obwse rved

Time on- Limiti
SO0 cnerg
Souree {hl (erg
Planet Jupiter k4 Gl
Star Algal 3 1x1
Prlsars PSROS50 = 08 3 3= 14
TER135+16 3 Ixl
Supermavi remman Crab 1 2%
X-Tay souToss Sco X1 2 dxll
Hyr K1 1 EES
Cyp Xl i3 5x1
Oy I i} Eal}
Cilobuler clusters M3 4 EESL
hi92 [ R
M15 2 LR
Marimal galaxy W 3 R
Badio galavy MET a 20
K|

Cluasal IC2AT3

1#1

|
|
|

We used a 5 GHr cooled parametric receiver providing a
system temperature of 635 K and an instantsneons bandwid
100 MH., The eamwidth waz 100 arc and the sensitivity
-1 K Iy . The detection mstromentalion was based
gingle channel hiph speed receiver, which could be optimige)
the range of dispersion measwres eapected. The Dbac
conpigted of un mput Gller of 10 MHz bundwidth with a chy
feristic double hump shape do facilitaie dispersed
dennfication. A derector with a 2 ps time constant follo
Pulses were detected by a comparator which compare:
adjustable fraction of the instantangous power with the ay
power. Fulses were thus detected wiren the observed tfemy
ture exceeded the average syslem lemperature by a p
farctor,

These events were recarded ntwo ways, Initially, a s
pulse duration disgriminator was wsed to discriminate ag)
pulses which were shorrer than cxpeceed from dispersion
the remaining everis were indicated on a chart recorder.
111 the nhuerving rn.nmi it h:.l:urm: nnwh-l.e L& phutngﬁmh

S - .

medium determines +, and for aur cbs:mn,g &cqu#nw and
bandwidth fipsi=IM4 (pcem™ ") The dispersion measure
[V b was estimated using a model of the electron distributian in

the galuxy™’, snd substituted in eguation (1) to gve

T EY

Back to back in
Nature Dec 19/8

Observations of all sowrces lsted in Table 1 e be used
wpetner with the reference vhservaiions 10 set an overall bt
om the rate of 1F erg radio bursts [rom explifing black holes.
Tuking the: masimum drstance sampled ineoch direcion as that
for which £, froem eguation ©2) is 10™ erp, we find & linit of
@ 10" pe~" yr". This compares with the Qmits derved in the
ecarlier unalyses’® of radio data, and is Far superivr 1o limils
obtaincd from seurches for --ray bursts.

1t muy be more interesting to consider the globulr clusters
separately from the other sources. LF the primerdial Black haleg
huve i space distribution similar 1o that of the visible matter in
the Universe. theo there would be concentrations of them in
glubular clusters, Laking 107 Ad:, as 3 Wypical mass [oc a ghobular
cluster, the: limiks in Uabke 1 wmply an wpper L of 10 e
for the fraction of the toral mass which evaporates due e 10" g
black holes eapleding and penerating 107 erg radio bursts. In
wther warts, ?nmunluﬂ black holes of <1077 g can never have
exceeded 107 of the total mass,

An cven larger mess is saompled in the M31 observations
whare our beam corrcsponds to o linear size of Lakpe.
However, the additional dispersion in M31 wod the greater
digrance result in a much higher detection limit.

These limits could he improved by using larger telescopes foc
lomger tenes angd girmultanenus obscevaticns with more than one
antennd. Interference resection in pardoular woald be groatly
Eacilitared by wging Twn of mare widely spaced antcnnas. Large
improvemants could be achieved cither by using a fast moli-
channel dedispersing backend ar possibly by obserdng at higher
fregquencies,

Wi thank ¥, Radhakrishnan frr discogsinns. The Diwingeloo
radimelescope is vperated by the Netherlands Faundation for
Radioastronomy (8.7 M) with the Hneocial support of the
Metherlands Ornganizativn [ur the  Advapcernent of Puare
Research (W00,
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From Cambridge to The Netherlands 1970
then to Australia 1996

« Steven Hawking: black holes radiate

« Small black holes evaporate in less than the age
of the Universe

« Martin Rees: a radio pulse might be observable
when they disappear

— |EEE 802.11 wireless internet standard

June 2013 Ekers, Radio Sources & Society



Fornax A
on optical image




Fornax A
Depolarization
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Fornax A
and the ant like feature

* Need a turbulant magneto-ionic medium
« RM > 20 rad m~

« Size 14”

- Eg

Nov 2010 Ron Ekers



On Conformity

* You can follow a beaten path set by the community
but if you don’t 1t 1s easy to get lost. Mark Walker

Hoyle, Burbidge and Narlikar
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The Broader View

» The instrumentalists in my theme need not be
radio astronomers

— Optical, IR, X-ray, Gamma-ray, particle physicist, ....

- Theorists who are also generalists have been just
as valuable to me as the instrumentalists

24



