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Prague ï historical city of astronomy: Tycho de 
Brahe, Kepler, Einstein, Doppler é and 

astronomical X ray optics  
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History of Grazing Incidence X-Ray 
Optics in the Czech Republic 

Å 1st X-ray mirror in 1969/1970, for solar telescope in INTERKOSMOS program 

Å The early stages of the X-ray optics developments in the Czech Republic are 

closely related to the INTERKOSMOS Space Program (Soviet and East European 

equivalent of ESA operated until 1989). All of the X-ray imaging telescopes 

onboard Soviet spacecrafts were equipped with the Czech X-ray optics 

(exception: X-ray normal incidence mirrors in the special channel of the TEREK 

telescope). Later on, laboratory applications have started. 

Å Total number of X-ray mirrors produced: more than 50 

Å Total number of mirrors flown in space: 8 

Å Total  spacecrafts with Czech X-ray optics: 4 

Å Total number of space experiments with Czech X-ray optics onboard: 8 
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Various replicated X-ray optics 

CF mirror  

Thin Ni 
Wolter 
shell  

CF+epoxy  

Thin CF 
mirror  

Double sided 
sandwich  flats  

X-ray micromirror  

The Grazing Incidence Astronomical X - Ray Optics in the Czech Republic: more 
than 40  years of development  



¶ 1969 first considerations started 

¶ 1970 first X-ray mirror produced (Wolter 1, 50 mm) 

¶ 1971 Wolter 1, 80 mm 

¶ 1976 Wolter 1, 115 mm 

¶ 1979 first mirrors flown in space (two Wolter 50 mm, Vertikal 9 rocket) 

¶ 1980 Vertikal 11 rocket (two Wolter 50 mm) 

¶ 1981 first large Wolter mirror (240 mm) 

¶ 1981 Salyut 7 orbital station (Wolter 240 mm nested) 

¶ 1985 applications for plasma physics, EH 17 mm, PP 20 mm 

¶ 1987 first high quality X-ray foils for foil mirror X-ray  telescope  (SODART) 

¶ 1988 Fobos 1 Mars probe, TEREK X-Ray Telescope 

¶ 1989 KORONAS I X-ray mirror, Wolter 80 mm 

¶ 1990 first micromirror (aperture less than 1 mm) 

¶ 1993 collaboration with SAO, USA, WF X-ray optics  started 

¶ 1996 first Lobster Eye test module produced, Schmidt geometry 

¶ 1997 double-sided X-ray reflecting flats 

¶ 1997 Lobster Eye Angel geometry project started 

¶ 1999 first Lobster Eye test module produced, Angel geometry 

¶ 2001 thin segmented X-ray mirrors  
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Å1999 first Lobster Eye test module produced, Angel geometry 

Å2001 thin segmented X-ray mirrors  

Å2004 thermal glass forming of samples of laboratory X-ray optics started 

Å2005 replication of multilayers for X-ray optics 

Å2006 X-ray optics based on Si wafers, Si wafers shaping started 

Å2009 K-B Optics started 

Å2014 1D LE optics 

 

 

 

Development before 1987 completely independent without  any contact to other 

groups and without access to relevant literature and/or meetings and workshops 

 

The development of galvanoplastic replication completely independent on Italian 

 Brera efforts 
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X - ray mirrors produced by 
replication in the Czech Republic 

X -  ray images of the laser plasma 
by the 17 mm EH microscope 

(IPPLM Warsaw)  

One of the first Czech X -ray Wolter 
mirrors, 1970, aperture 50 mm  EH and PP microscopes  

Wollter mirror for 
Phobos 1 space 
probe  
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The  four  mandrel  used  for  the  manufacture  of   X- ray  
mirror  nested  array  for  the  RT-4M soft  X- ray  
telescope  (Glass  ceramics  Sital) .  Flown  onboard  the  
space  station  Salyut  7 in  1981 . 

Replicated Wolter -  1 X - ray mirrors of the 
KORONAS satellite (aperture 80 mm) , 1989  

Two identical mirrors (large hyperbolas) 
of the RT -4M mirror array (Ni surfaces), 

1981.  

TEREK 

Phobos 1  

1988  



RT-4M on Salyut 7, 1981 

     The soft X-ray telescope RT-4M 
with the Czech nested X-ray 
mirror array (top right) with the 
largest diameter 240 mm was 
flown onboard the space station 
Salyut 7. Result of a 
collaboration of Lebedev Physical 
Institute in Moscow with the 
Astronomical Institute in 
Ondrejov within the 
INTERCOSMOS program 

 

    Inner shell electroformed  gold!  
Unique technology! 
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X-ray reflecting Ni foils for 
SODART 
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2 years of development of 

technology for high quality Ni 

foils for the SODART telescope, 

1986-1988 

 

Galvanoplastic replication of 

glass flat mandrels, sizes up to 

300 x 400 mm 

 

Thickness homogeneity 

improved from 8 to 2 % 
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The galvanoplastic 

(electroforming) 

replication adopted 

from gramophone 

industry 

 

Solar X-ray Wolter 

mirror 8Ë0 mm thick 

Ni 

115 mm aperture X-ray 

mirror for AUOS-S-IK, 

solar,  FWHM < 10 

arcsec, thick Ni  
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Thin Ni mirror for 

DSRI, 1986, thin Ni, 

150 mm 

50 mm Wolter, 

1974, thick Ni 

80 mm Wolter, 

1970, thick NI 

Microscopic X-

ray mirrors, 1985 

Thick Ni left, 

Ni/epoxy right 
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Ceramic mandrel 1977 

First Czech X-ray 

mirror, Wolter  50 

mm,1970 

115 mm Wolter, 

Ni/epoxy, 1979 
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X-ray Optics 

laboratory at 

Astronomical 

Institute 

OndŚejov 



Last years 2015-2015 
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Various modules of MFO Multi Foil 

Optics 

Novel substrates bent thin glass foils 

and Si wafers 

Lobster Eye Optics 

K-B Optics 
 

 



Czech-US Seminar on Astronomical X-
Ray Optics May 2007 

Visit to Komorni Hradek Chateau AXRO2016 



Train ride to ON Semiconductor 
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International Workshop on Astronomical X-ray 
Optics AXRO2008 Prague Dec 2008 

 

A new tradition is born éé 
AXRO2016 



AXRO2009 

AXRO2016 



!·whнллф ŀǘ ǘƘŜ YƻƳƻǊƴƝ IǊłŘŜƪ 
Castle 
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AXRO2010 at Liblice Chateau 
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AXRO2011:with Prince Lobkowicz 
at Melnik Castle 
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