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Content:
● A tribute to the Bernard Lyot genius – part 1

● Two main topics:
● Bernard Lyot and invention of coronagraph: interesting 
instrumental development

● The LSO coronagraph: ZEISS 200/3000/4000 instrument



Problem:
● “how to observe something very 

faint just near something very 
bright through the terrestrial 
atmosphere?”

● It is so simple! (Once it is solved...)



Solving person:
● Bernard Lyot, ~1930, Meudon + 

Pic du Midi (France) 
● the lunar surface behaves like 

volcanic dust and that Mars has 
sandstorms,…

● Inventor and almost a “genius”



Instrumental parasitic light? 
● What is the reason we do not see coronal 

emission from high latitudes?
● They have to be in the telescope! Where?
● Telescope parts

– The objective lens?
– The occulter (artificial moon)?
– Something else?



Step by step - 1 
● An objective lens: history, status of perfection, have a 

look from another side...



Step by step - 2 
● An objective lens: 

– dust, scratches → clean + perfect 
– balsam + multiple lenses → single lens (crazy person!)



Step by step - 3 
● An objective lens: 

– clean and perfect single lens
– a second optical system to image the solar image but 

to stop the parasitic light originating at the aperture



Step by step – 3 
● An objective lens: 

– clean and perfect single lens
– a second optical system to re-image the solar image 

but to stop the parasitic light from the aperture
– Coronagraph: 2 mutual optical systems: telescope + 

re-imaging secondary optical system



Step by step – 4 
● Realization: 

– Pic Du Midi, July 1930
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Imperfections 
● Nothing is perfect in the real world...
● Single lens: 

– chromatic aberration → focal length ~ wavelength
– physical aberrations → inner (paraxial) and outer 

beams with different focus and image quality → very 
low D/f ratio

– low light intensity



Pic du Midi (1929) 
● Pyrénées (2877 m asl, 1929) 



Scientific results – a diary
● 13/07/1930 - he got unmistakable views of three solar 

prominences - the first sightings of prominences in full 
daylight ever made without spectroscopic equipment

● 25/07/1930: rapid motions in prominences → discovery by...
● 29/07/1930: polarization of the coronal emission
● 20/07+03/08/1930: visually 530 + 637 nm coronal lines
● 08/1930: photographs of the white-light corona and spectra 

of the 530 + 637 nm coronal lines
● Esclangon presented Lyot's paper to the Académie on 

November 10, 1930 and in print a month later + other 
articles later (French → English)



Scientific results – a summary
● He documented that thank to Pic du Midi conditions and his 

innovative coronagraph concept it is possible: 
– solar prominences and emission corona in their prominent 

emission lines
– spectral profiles of the prominent emission lines of solar 

prominences and emission corona
● Cordial response of the french astro community
● A hot topic: PdM superior conditions + bright corona or really 

the coronagraph principle?
● An independent check: W. Grotrian and H. Kienle, 12/07/1931



Scientific results – awards
●     Lalande Prize from the French Academy of Sciences
●     Janssen Medal from the French Academy of Sciences
●     Prix Jules Janssen, the highest award of the Sociéte  

    astronomique de France
●     Gold Medal of the Royal Astronomical Society (1939)
●     Howard N. Potts Medal (1942)
●     Bruce Medal (1947)
●     Henry Draper Medal of the National Academy of 

    Sciences (USA)



Solar “coronal” stations
● Pic du Midi: 1931-1939 – developments + occasional observations
● Highlight in 40ties (as the exoplanets nowadays)
● Regular observations: Pic du Midi (1943→?) → Arosa (Switzerland, 

1947-1975), Wendelstein (Germany, 1947-1979), Kanzelhoehe 
(Austria. 1948-1964), Climax (USA, 1947-1957), Sacramento Peak 
(USA, 1953-1966-?), Kislovodsk (USSR, 1957→), Alma Ata (USSR, 
1957-1962 + 1973→?), Ulan Bator (Mongolia, 1971-1973) and 
Lomnicky Stit (Slovakia, 1966→2009)
=> Maona Loa (USA), Kislovodsk (Russia), LSO (Slovakia) + orbit

● What for?



Coronography nowadays
● Solar: 

– ground-based (Maona Loa, Kislovodsk, LSO + DKIST) 
– space-borne: SOHO, STEREO (Spartan, SMM, Skylab)

● Stellar: with adaptive optics as a inevitable condition for the g-b
– ground-based - Hale 5.1m Mt. Palomar, VLT/NACO, Keck/NIRC2, 

Gemini South/NICI, Gemini North/NIRI, VLT/SPHERE, Gemini 
South/GPI, MagAO/Clio2, Subaru/SCExAO

– space-born - HST - Near Infrared Camera and Multi-Object 
Spectrometer (NICMOS), JWST - NIRCam and Mid-Infrared 
Instrument MIRI, Extrasolar Imaging Planetary Coronagraph (in 
plan). 

● What for? Extrasolar planets, circumstellar disks, AGN, host 
galaxies in quasars



LSO
● LSO coronagraphs: ZEISS 200/3000/4000



LSO: ZEISS 200/3000/4000
● ZEISS 200/3000/4000 coronagraph(s)



LSO: ZEISS 200/3000/4000
● ZEISS 200/3000/4000 coronagraph

– developed for the AISAS at 50ties/60ties
– primary objective lens: D=~20 cm, fcor=~3m, feff=~4m
– solar disk image diameters: dcor=~30mm, deff=~40 mm



LSO: ZEISS 200/3000/4000
● Optics calculations: analytical, 

secondary optical system is 
diffraction limited!



LSO: ZEISS 200/3000/4000
● Primary objective lens: BK7 glass



LSO: ZEISS 200/3000/4000
● Primary objective lens: BK7 glass



LSO: ZEISS 200/3000/4000
● Primary objective lens: BK7 glass



LSO: ZEISS 200/3000/4000
● Primary objective lens: BK7 glass



LSO: ZEISS 200/3000/4000
● Mechanics: coronagraph + mount + dome + (operation)



LSO: ZEISS 200/3000/4000
● The occulting mask (artificial moon): 

– different diameters
– a reflecting plane to reject

the solar disk image light
– a “skirt” in the focal plane

of coronagraph
– pros and cons...



LSO: ZEISS 200/3000/4000
● The field lens: BK7, hole in 

the center with a special 
screw, tilting holder for the 
occulter exchange



LSO: ZEISS 200/3000/4000
● Secondary optics around the Lyot stop

– 1/ D 34 mm; curvature radius +52.88 mm / ∞
– 2/ D 13 mm; curvature radius -33.48 mm / -45.99 mm
– Lyot stop (iris diaphragm)
– 3/ D 24 mm; curvature radius -1392.90 mm / +42.70 mm



LSO: ZEISS 200/3000/4000
● Re-imaging objective lens: BK7 glass, diameter 94 mm

– 1/ curvature radius  440.60 mm / -177.060 mm
– 2/ curvature radius  176.14 mm /  588.50 mm
– 3/ curvature radius  588.50 mm /  176.14 mm
– 4/ curvature radius -176.42 mm /  438.35 mm



LSO: ZEISS 200/3000/4000
● Re-imaging objective lens: BK7 glass, diameter 94 mm



LSO: ZEISS 200/3000/4000 
● The final image (primary obj. lens focus set for λ 530 nm)!



LSO: ZEISS 200/3000/4000 
● The final image (primary objective lens focus: 530 nm)

– focused/defocused light
– Coronal/solar disk light
– Eye sensitivity ~ λ



LSO: ZEISS 200/3000/4000 
● The Lyot stop effect



LSO: ZEISS 200/3000/4000 
● How to see the coronal/prominence light? Block somehow the 

unfocused light!
● Options:

– detector sensitivity ~ λ
– optical narrow-band filter
– spectral instruments: 

● prism
● diffraction grating
● Lyot-Ohman filter
● Fabry-Perot 
● ...



B. LYOT @ Pic du Midi 
● BL’s spectral instruments: 

● Prism spectrometer
● diffraction grating sp.
● Lyot-Ohman filter



LSO: ZEISS 200/3000/4000 
● Seeing is more convincing…
● Let’s go to the dome to see the ZEISS 200/3000/400 

coronagraph!



LSO: ZEISS 200/3000/4000 
● Optics: obj. lens, art. moon, field lens, Lyot stop, 3 add. 

lenses, re-imaging objective
● Mechanics: front tube, diffuser, intensity calibration mask, 

obj. lens focusing and cleaning, atr. moon exchange, post-
focus instrument: radial shift + rotation
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