OPTI 415/515 “Study guide for exam 1”
This list is fairly complete.  Exam 1 can include anything covered in the lectures up to the exam date, and homework assignments 1-3 and part of 4 as described below.  Keep in mind that all exams are cumulative.
Optical Systems

I think everything in the slides matters.  The slides are mostly definitions that should have been seen before.  First order optics matters, you should be able to do basic calculations.  The difference between infinite conjugate and finite conjugate microscopes is useful concept.  Memorizing all the manufacturer tube lens focal lengths would be silly.  In practice knowing that they are around 200 mm or somewhat smaller is useful.  
Homework #1

· OPD vs. surface errors

· What is the critical angle? 

· How about Brewster’s angle?

· Sag formula – calculating sag or radius given the other

· What happens to an image when the object is decentered?  

· Difference between confocal and cat’s eye images and their behavior

· Generic layout of an autostigmatic microscope

· Autocollimator (autostigmatic telescope) – it is just a telescope with a beam splitter, source and image

· An optical system images two pairs of planes: object and all the associated image planes, and entrance pupil to exit pupil.  One could state it is the aperture stop that is imaged to all the associated pupil planes, which is certainly correct.  However, an optical system often has constraints on both object/image locations and entrance / exit pupil locations which in turn constrain the aperture stop location.

Measurement of radii, index and thickness

These notes have more basic concepts, which are all important.  How do you use a radius bench?  ( Find cat’s eye and confocal positions and measure the distance between with a slide / stage / ruler / etc.  Note that slide 7 has a simple converging beam that focuses and is moved.  The converging beam is representative of either an interferometer focus or autostigmatic microscope focus for either tool can be used to do this operation.  Index is a ratio, which implies two values must be measured.

Test instruments that measure wavefront are an optical system.  Like all other optical systems they do two imaging operations at once.  In fact, one could even note that an interferometer is really the combination of two optical systems, an illumination system that matches the wavefront to the part under test, and an imaging system that images the mirror onto the detector.  In effect there are two optical systems, each with its own pair of object/image planes and entrance/exit pupils.  

A mirror under test (say a spherical mirror from center-of-curvature) is the object for the imaging system and the aperture stop (if you are testing the entire surface) for the illumination / wavefront matching optics.

For a Shack-Hartmann test setup, the image of the object should be formed on the lenslet array.

I would not worry too much about trying to optimize the parameters of a singlet from measurements in class; however, the concept that there are a certain number of parameters and so with the appropriate number of measurements one could determine such things is useful knowledge.
Measurement of EFL and distortion
How does a nodal slide work?  What happens to the image if you rotate a lens a small angle about the nodal point?  What if you rotate the lens about some other axis a small amount (e.g. a couple mrad), could you figure out where the image is located?  Ways to measure distortion and more concepts, all of which are useful.
Intro to abs & more metrics
There are several simple equations that are probably worth knowing.  What is the definition of RMS? Strehl? Airy disk diameter?  Approximate angular divergence through an aperture (FWHM 1.02 ~1 …).  Definitions and defining equations where appropriate.

Diffraction limited depth of focus how to calculate and how it is derived.  Ways of specifying system performance.  Defocus and no light on axis, how does that happen? 
Definition of aberrations – can you draw a figure with a reference sphere and aberrated wavefront and define transverse, longitudinal and wavefront aberrations?

RMS vs. PV – 
MTF / contrast definitions.  MTF vs. OTF and phase reversal with defocus.

Airy disk size

Diffraction vs. geometric calculations – why use one vs. the other?

Homework #2
Ways to calculate focal length of which reciprocal magnification is one.  

Cassegrain and Gregorian telescope – what are the components. Pro and con of the two designs (there are many but one is shorter, which is good, but the other has two concave mirrors which is an advantage).

Definition of sphere, parabola, hyperbola and ellipse – be able to sketch all four, concave or convex.  All are perfectly stigmatic for a single pair of points, be prepared to sketch them (sphere – object and image at CC, parabola, point at “focus” and at infinity – the focus, …) – CC (paraxial) vs. focal point position for all.

Interesting point about RMS vs. centroid or chief ray was hinted at – the values can be vastly different if there are odd aberrations present, but are the same if only even or rotationally symmetric aberrations are present.  Consider focus and spherical – rays in a spot diagram area distributed symmetrically around the chief ray so the RMS OPD calculation should be the same for both since the centroid should be at the chief ray.  Even astigmatism would be ok since it is even symmetric.  However, coma displaces all rays to one side of the chief ray, which means the centroid of the psf is not centered on the chief ray and the two values are significantly different.
Be aware of basic layouts to test an optics using an interferometer.  Concave optics with a converging test optic on the interferometer: sphere from CC, parabola – autocollimation double pass against a flat, ellipse – interferometer at long focus of ellipse and a tooling ball at near focus, hyperbola it is like the autocollimation test of a parabola with a concave spherical mirror centered on the virtual focus of the mirror replacing the flat

Convex mirror tests?  Just a sphere for now.

Zernikes
Why do we care about Zernikes?  When are they useful, when can you be mislead?  Basic properties of orthogonality.  Why do we care about it?  Fitting over a full circle vs. obscured or masked off?  If you fit first to 11 then to 25 coefficients, what happens if orthogonal?  Or not?
Could you prove that two polynomials are or are not orthogonal?  What about some vectors?
Interferometry
How to do a test plate fit.  Is it convex or concave?  How much in waves and um or nm?  A bump or a hole?  Could you figure out the sag of a long radius mirror using a test plate?  Its radius?
Twyman-Green, Fizeau, Mach-Zehnder, Shack-cube layouts – uses, pros and cons

Interference objectives: Michelson, Mirau, Linnik – layout / pros/ cons

What can you do with white light interferometry that you can’t do with a long coherence length source? What requirement(s) does a short coherence length source impose on an interferometer?

Phase shifting
Temporal phase shifting – how many frames do you need? – what is the 4-bucket algorithm?  What is useful about it?  Why are there other algorithms? The modulation map is useful, why?

Interferometers measure in comparison to a reference surface?  Is it possible to calibrate the reference surface?

Shear plate – how does it work?  Why is it useful? Why wedge it?  It is a shearing interferometer, so what does spherical aberration look like?  Focus error?  How can you determine if a beam has astigmatism with a shear plate?
Instantaneous phase shifting interferometers – why would you want one?  Why do temporal phase shifting interferometers still exist?  (price, resolution, constraints imposed by circular polarization)

Homework #4 – prob #2 – Since we will have barely discussed Shack-Hartmann testers if at all before the exam you do not need to understand how to do this problem before the exam.  The rest of the problems on Homework #4 could show up on the exam. 

Alignment
For a rotationally symmetric optical system – what must be done for a system to be aligned?  Could you generalize this to a non-rotationally symmetric system?  Alignment can be broken crudely into two steps – first order properties and aberration control.  Others would describe alignment as “foot, inch, mm, micron” or some similar phrase, where in general terms put the parts on the table, get them about where they need to be, get them so light gets through and then finely adjust.
Keep in mind for the future that alignment can be done in assembly or in component manufacturing, or usually some combination.  In other words, sometimes things are in general purpose mounts on a table and everything gets adjusted.  This is “in assembly”.  Conversely, parts can be manufactured (diamond turning, injection molding, or with great care by hand) such that the components drop in place and are aligned.  This is in manufacturing.  Most systems require some adjustments, but it is desirable to do things in manufacturing of components, and is required for very high volume applications.

How do you align an alignment telescope to an axis?  The axis could be defined by two small apertures that are back illuminated.  Since one might block the view of the other, you can assume it is on a kinematic support that allows it to be removed to view the other, and replaced accurately.  If the targets are reticles on glass, you can look through the reticle – but wedge in the plate or tilt of the plate will result in a bad alignment.

Stray light
We’ve talked about it some, and today’s lecture covers it.  Basic definitions, and some sense of good and bad things to do should be understood.
