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Revolution in Retirement: A Quiet Old Age?

• Interestingly, all the work I will describe was carried out after 
he retired.  During that time John co-authored about 24 
research papers which already have several hundred citations.

• Aperture masking, optical interferometry and COAST gave 
John valuable insights into the problems of dealing with 
atmospheric turbulence in astronomy.

• In the late 1990’s the outer scale of turbulence was a great 
concern.

• John was never very good at accepting the received wisdom of 
the time



Turbulent Outer Scale: Next Generation Telescopes.

• The party line was that turbulence has a spectrum determined 
by the Kolmogorov theorem.

• In fact it doesn’t, and the outer scale simply is very large 
indeed.



Understanding Atmospheric Turbulence.

• Widely accepted that it was simply characterised by a typical 
cell size (r0), ~20 cm and correlation time (t0), ~20 msec.

• Seeing was typically ~1 arcsec on a good site and that simply 
had to be lived with.

• Aperture mask results showed that was not the whole story 
by a long way.

• Anecdotal reports (e.g. from Roger Griffin) made it clear that 
there were times that the images became much clearer.

• Data badly limited by lack of fast, sensitive imaging cameras.
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LuckyCam on the NOT



LuckyCam on the NOT



• 100Her is a double 
star with 14 arc sec 
separation.  

• Here the two 
components are 
shown side by 
side. 

• The scale is about 
4 arc sec vertically

• Images were taken 
with 10 millisec
frame time, and 
stars are each 6.0 
magnitude.

Results with Lucky Astronomy
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Fast, Noiseless Detectors enable Lucky Imaging

• Take images fast enough to 
freeze image motion due to 
turbulence.

• Use reference star to let you 
choose the best images.

• Shift and add to give a good, 
sharp image.

• Easily gives Hubble Space 
Telescope resolution on 
Hubble-sized (2.5 metre) 
telescopes.

0.12 arcsec binary, Δmag ~ 2.5 
imaged with LuckyCam on the 
NOT 2.5m telescope (June 
2005)



The Einstein Cross

• The image on the left is from the Hubble Space Telescope Advanced Camera for Surveys 
(ACS) while the image on the right is the lucky image taken on the NOT in July 2009. 

• The central slightly fuzzy object is the core of the nearby Zwicky galaxy, ZW 2237+030 
that gives four gravitationally lensed images of a distant quasar at redshift of 1.7



High-Resolution Technique Field of View
• Astronomers need to be able 

to compare objects for 
meaningful science.

• Traditional adaptive optics 
gives a very small field of 
view, ~ few arcsecs in the 
visible.

• This IR image is 25x25 arcsec, 
and image quality degrades 
rapidly away from ref star.

• Lucky Imaging gives fields of 
view ~8 times bigger at the 
same wavelength.



Lucky Imaging on Larger (>2.5m) Telescopes

• The chance of getting a good sharp image on a larger 
telescope quickly becomes vanishingly small.

• But we still want to get even sharper images than Hubble, 
so we must use bigger telescopes.

• Conventional adaptive optics works adequately in the near 
infra-red, but not in the visible.

• It is in the visible (wavelengths of 300nm to 1 micron) that 
we know most of out astrophysics about stars, gas clouds 
and galaxies.

• Need another more novel approach.



Lucky Imaging on Larger 
(>2.5m) Telescopes

• Atmospheric turbulence is dominated 
by the largest scales.

• On 10 meter telescope the residual 
turbulence needs to be reduced to 
about 1/10 of its uncorrected level.

• If we can find a way to remove these, 
what is left can be managed using 
Lucky Imaging.

• Need to remove defocus, astigmatism 
and coma as a minimum

• Low order adaptive optics might well 
let us do this.

Zernike
terms 
removed

Residual 
power 
fraction

1 1.000
2 0.565
3 0.130
4 0.108
5 0.085
6 0.063
7 0.057
8 0.051
9 0.045

10 0.039
11 0.037
12 0.034



• Globular cluster M13 
on the Palomar 5m.

• Natural seeing ~650 
mas: field 7” x 7”.

• Achieved ~35 mas
resolution.

• This is the highest 
resolution image ever 
taken in the visible.

Large Telescope Lucky Imaging.



14 December 2007: U3A, King’s Lynn

• The comparison of our system, both 
without Lucky/AO and with Hubble 
Advanced Camera (ACS) is quite 
dramatic.

• The Lucky/AO images have a resolution 
~35 milliarcseconds or nearly 3 times 
that of Hubble.

Large 
Telescope 

Lucky 
Imaging.



• The Cat’s Eye 
Nebula (NGC6543) 
on the Palomar 5m.

• Natural seeing ~1.2 
arcsec.

• Green is V-band 
(4959/5007), red is 
H-alpha, blue is I-
band.

• ~110 mas
resolution, limited 
by detector 
sampling, not 
Lucky/AO.

Large Telescope Lucky Imaging.



Into the Future?

• The technique of delivering much higher resolution than ever 
before has been demonstrated.

• On the largest telescopes in the world, 5-6 times Hubble 
resolution and spectroscopy should be routinely available.

• Plan now with the IAC (La Laguna, Tenerife), the Isaac 
Newton Group (La Palma), University of Cartagena, 
University of Cologne, and Cambridge to build an instrument 
that will do this in 2-3 years from now.

• A direct intellectual legacy from John Baldwin who did so 
much to revolutionise this subject.
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