OPTI 502L –Fundamentals of Applied Optics Lab 

Lab #9 – Aberrations II – Distortion, Field Curvature, and Coma

In this lab, you will learn to recognize distortion, field curvature, and coma.  Since you will build systems that have these aberrations, you will also learn something about where they come from.

Preparation:

(same as for lab 8!)

Review aberrations, what they look like and where they come from:


Defocus

Spherical aberration

Distortion

Coma


Astigmatism

Field Curvature

Lateral, longitudinal, and secondary chromatic aberration

There is a good discussion of aberrations in Hecht’s book, Optics.  The section is also in the “510L” binders, both in the lab and in the reading room.

I.  Distortion

Set up an imaging system with a large, fairly fast lens (for instance f=100mm biconvex lens). Place an iris in front of the lens, to define the system’s stop.  Use a grid for the object of the system.  (Grids on transparencies are provided in the lab.) See Zemax file ‘Lab9_Distortion_Barrel.zmx’.
Move the stop away from the lens, and measure the distortion of the system for several stop positions.  A good way to “measure distortion” would be to measure the maximum displacement you can see, and divide it by its ideal radial position.  This would give the displacement as a percentage.  Clearly draw the images in your lab notebook.  Make a plot of distortion vs. stop position. (Remember you have to close your iris enough to make it to be the aperture stop of the system).
Question 1:  Which object point is the most displaced in the image plane?  

Model your system in Zemax.  Use a dummy surface for the stop, so that you can move it easily.  Analyze the system’s distortion using “analysis/miscellaneous/grid distortion”.  Under “settings” in the distortion plot, make sure that “field width” matches the FOV in object space of your system.  Also make sure to enter your HFOV angle in the “fie” window.  Also look at “analysis/miscellaneous/ field curv/dist”.  Plot the max. distortion predicted by Zemax on your plot of distortion vs. stop position. 

Question 2:  If you were to put an object in that was half the size of your first object, by what factor would the max. distortion change?

Now put your iris at image space, shift the iris and observe distort effects. Clearly draw the images in your lab notebook.
II. Field Curvature

Set up a plano-convex lens (f=200mm) on the nodal slide and adjust the nodal point of the lens so that it passes the rotation axis of the nodal slide, adjust the focus and observe the image at ~0 degree. Tilting the lens to a large off-axis angle (10 degrees or more), adjust the focus and observe the image. Record the position change between the image planes. See file   ‘La9_field curvatureSinglet.zmx’. 

(Ideally if you want to look at pure field curvature effect, you want to build a setup as shown in file ‘La9_field curvature.zmx’ so that astigmatism is minimized.)

Measure the field curvature by comparing the axial position of best focus for the center of the object to the axial position of best focus for the off-axis object. Question 3:  Is the image plane curved toward or away from the lens?

Field curvature is usually coupled with astigmatism.  Can you find the sagittal and tangential focus?
Redo the above procedures with a Cooke triplet (projection lens used in former lab), comparing the performance.

III. Coma

Set up a simple optical system that uses a plano-convex and plano-concave lens with matching radii nearly touching in collimated space.  This assembly has no net power.  Bring this to focus with a well corrected lens.   Now tilt and decenter one of the elements relative to the other to generate coma.  Look at and sketch the resulting point spread functions through focus, for at least two different amounts of tilt in the lens.
Block half the aperture of the system up, down, left and right, see the coma pattern change. Do the results coincide with your expectations? Try simulating them with file ‘Lab9_coma.zmax’ and ‘Lab9_idealcoma.zex’.

