OPTI 502L –Fundamentals of Applied Optics Lab 

Lab #8 – Generating and Observing Aberrations I

In this lab, you will learn to recognize defocus, spherical aberration, chromatic aberrations, and astigmatism.  Since you will build systems that have these aberrations, you will also learn something about where they come from.  Finally, you will learn a few ways to eliminate them.

Preparation:

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.

Using any system in Zemax, figure out how to make a both a single spot diagram in Zemax, and a series of spot diagrams as you move through focus.  (Use the “spt” button, and also look under analysis/spot diagrams for other options.  In the “through focus” display window, you can change the distance between steps by changing the value under “delta focus”. )  Make sure that you know what the spot diagram represents.

I.  Airy Disk

Illuminate a moderately fast lens (f/3 or so) with a collimated beam from a point source (using a pin-hole).  Using a microscope and eyepiece, observe the image of the point. To observe the diffraction pattern, create monochromatic light with a filter and stop the lens down with an iris.  (Be sure to use an iris with many leaves, so that it is really circular.  Or, try a large pinhole.)  Observe the diffraction pattern, and sketch it in your notebook.

Question 1:  How does the diffraction pattern change with color and with stop size?

II.  Defocus

Now open up the stop to f/3.  Move the microscope so that the point image is out of focus.  Measure the size of the defocused spot as a function of microscope position.  Plot diameter vs. distance from paraxial focus.  Also plot the theoretical spot sizes (you can calculate these with simple geometry).

Question 2:  How do the measured spot sizes compare with the theoretical spot sizes?  If there are any differences, what might cause them?

Put your lens in Zemax, and look at the spot diagrams through focus.  Compare the spot sizes predicted in Zemax to the ones that you measured.  You can print out the plots for your lab notebook, if you like.

III.  Spherical Aberration

A.   Observing and measuring spherical aberration

To observe spherical aberration, pick a large, fast, plano-convex lens.  Illuminate it with a white light source and a collimated beam, with the curved surface facing away from the source.  Look at the region around the focal point.  It may be useful to use a microscope with a measuring reticle in it.  You can either observe focus directly or use a screen, but the image on the screen will not be as bright.  In either case, you may need to turn off the room lights.

Using a color filter to eliminate chromatic effects, move through focus.  Record the patterns you observe, and their locations with respect to the lens.

Next, measure the longitudinal aberration due to the spherical aberration in the lens.  The longitudinal aberration is the distance between focus of rays that pass through the edge of the lens and the focus of rays that pass through the center of the lens.  

You can measure this by masking the lens with a “Hartmann mask”.  The Hartmann mask is just a screen with a series of small holes in it.  In this case, use eight or ten holes in a line.  These holes simulate “rays” going through the lens.  For each pair of holes (equal distances from the lens center), measure the location where the two rays come to focus.  You may want to block the extra holes with tape to make this easier.  Masks are provided on transparencies in the lab.  Plot the focal distance vs. the distance of the holes from the center of the lens.  Estimate the longitudinal aberration.
Make a sketch, showing rays leaving the lens, and where they go on the optical axis.  Clearly show your measurement positions and spot sizes, and the distance corresponding to longitudinal aberration.

Finally, reverse the lens in the beam, and find the minimum spot size in the beam.  

Question 3:  How does it compare to the minimum spot size before you reversed the lens?  Did reversing the lens increase, decrease, or leave the amount of spherical aberration unchanged?

B.  Modeling spherical aberration (Optional)

Enter your lens into Zemax.  Make sure to use the same lens orientation that you used in the lab.  Some large, fast lenses use SF14 instead of BK7 as the glass.  You may want to look up your lens in the manufacturer’s catalog, to see which glass is correct.  Be sure to choose a wavelength that corresponds to the color of filter that you used – you can probably just make a guess.  

Create spot diagrams through focus that correspond to the spots that you recorded above.  

Question 4:  How do the patterns compare to the ones you measured above?  What are some of the noticeable features of these spherically aberrated spot?  

Trace rays in the lens that correspond to the “rays” that you created with the masks.  You can zoom in on the layout drawing, and use the cursor to measure the longitudinal aberration.  Compare the difference in focal lengths to the distance you measured.

IV.  Longitudinal Chromatic Aberration

Use the same lens as in II, but with the curved surface toward the source.  Using the colored filters provided, measure how the focal length changes with color. 

Question 5:  What is the change in focal length between red and blue?  

Calculate the change in focal length for a red and a blue visible wavelength.  The index of refraction for BK7 is 1.5168 at a wavelength of 587.56 nm (d-light).  The Abbe number is 64.17.

Question 6:  How do the calculated and measured longitudinal chromatic aberrations compare?

Use an achromatic doublet in your system, instead of the single lens.  Sketch the images through focus, for white light illumination.  Notice any color changes, in particular.  
Question 7:  What does an achromatic doublet do to longitudinal chromatic aberration?

Question 8:  Will a spherical mirror have longitudinal chromatic aberrations?  Why or why not?  (If you’re not sure, put a curved mirror in Zemax, and check!)

V.  Lateral chromatic aberration

Image an off-axis point source(white light) with a lens prepared in the lab, put aperture stop in front of the lens with certain distance so that the chief ray will fall close to the edge of the lens. Lens edge will work as a prism and you can see the image lateral shift due to the wavelength change (Magnification changes with wavelength). Rays in green is the light path you need to build. Due to off axis imaging, the appearance of image spot also suffers the effect from the off-axis aberrations. 

Finite conjugate:

[image: image1.emf]
Object at infinity

[image: image2.emf]
Spot diagram  (object at infinity)

[image: image3.emf]
Question 9:  Which color is shifted the furthest?

VI.  Astigmatism (if you run out of time, you can finish this part in the following lab)

Pick a fast, spherical mirror.  Measure the radius of curvature, R.  Illuminate it with a point source a distance R away from the mirror.  Tilt the mirror a small amount, being sure to record the tilt angle, and place a screen or microscope at the focus.  Sketch the patterns you see, for several planes near the focus.  Find the horizontal and vertical lines that are characteristic of astigmatism, and measure their length.  Also measure the distance between those two planes.

Model the system on Zemax.  Use “mirror” in the “glass” column of the surface.  The thickness of the mirror surface must be negative, since the light must travel backwards to the image plane.  Also, the object is not at infinity in this case, as it has been in the other systems we’ve modeled.  Look at spot diagrams through focus, and compare them to your drawings.

Question 10:  How do the measured and predicted spot sizes compare?

Question 11:  How do you think the line lengths and separations will vary with mirror angle?  (Try it, if you like.)

