 IMAGE ANALYSIS FOR CORRECTION OF OPTICAL ABERRATIONS IN TELESCOPES

SUMMARY

I did my summer training after 3rd year in IUCAA ( Inter University Centre for Astronomy and Astrophysics ) , Pune in May to July 2001. I worked under guidance of Prof. S. N. Tandon ; Professor and Head of the Instrumentation Lab in IUCAA.

My project was basically to analyse the images taken by a defective telescope and hence predict and suggest measures for correction of the defects. The method of analysis I followed was the Shack – Hartmann test which is used to test a telescopes soon after it is constructed and assembled ; to find if there are any type of defect in the alignment or structure of the telescope parts. Once the defects are found out they are corrected by suitable means and only after that the telescope is used to record images of interest .

 
In the first stage I studied about the theory of aberrations in Optical telescopes ; what are aberrations , how they arise , how they can be corrected ; with special reference to the two mirror Reflecting telescope of Cassegrain type .

The significant optical aberrations that I considered were the Seidal Third order aberrations namely Wavefront Tilt , Defocus , Spherical Aberration , Coma , Astigmatism , Field Curvature and Distortion  . Then I did a theoretical simulation exercise to examine , analyse and plot how each of these distortion look .

Now  wavefront aberrations can not be measured directly . The measurable quantity is ray aberrations ; which can be quantified from a distorted image . Then from the relation between wave and ray aberrations the former can be obtained.

The final image I used for analysis was taken performing the Shack Hartmann test of an optical , two mirror , reflecting Telescope of Cassegrain type . The image was of a Hartmann mask .

I performed the required analysis on the image to get the aberrations . I wrote programs in MATLAB , BASIC , SMPLOT , GNUPLOT . The analysis included of  finding the centroids of the images of holes of the Hartmann maskin case of the distorted and the reference image ; finding the distance between the centroids in the two cases ; then doing proper least square fitting to get the polynomial corresponding to the wavefront aberration .

Then I analyzed the results obtained to find out what corrections may be made to make the Telescope give correct images again . I found out the distance of longitudinal defocus ie. the distance by which a mirror of the Telescope is to be moved to make it correct .I also found out the angle by which the primary reflecting mirror was to be rotated to get rid of the decentering coma.      

