Homework #1:
Problem
Three rays are incident on the face of a plane-parallel plate of glass prism in air.  Ray B is normal to the first face. Sketch the ray paths through the plate, describe and explain your answer.  
Label the rays within the plate as A’, B’, C’ and past the plate as A’’, B’’, and C’’. No calculations are needed.
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Solution
The index of glass is greater than air. Rays bend towards the surface normal upon entering a higher index material and away from the normal when entering a lower index material.  

A’’, B’’, and C’’ are parallel to A, B, and C respectively.  A’ is refracted (bent) up in the glass relative to A at the first interface, B’ is undeviated and C’ is refracted down relative to C.  Furthermore, B, B’ and B’’ are coincident.
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Problem

Three rays are incident on the face of a glass prism in air.  The prism vertex angle is equal to the critical angle.  Ray B is normal to the prism face. Sketch the ray paths, describe and explain your answer.  No calculations are needed.
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Solution
The index of glass is greater than air. Rays bend towards the surface normal upon entering a higher index material and away from the normal when entering a lower index material.  Also, light incident at an interface with a lower index material and an angle greater then the critical angle is totally internally reflected.
Ray B and B’ are normal to the first interface.  Since the prism vertex is the critical angle, B’’ is tangent to the output face.  C’’ is bent down relative to C’ and C.  A’’ is totally internally reflected by the second face of the prism.
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Problem

The f-number of a lens is
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 for an object at infinity.  The numerical aperture in image space of a lens in air is
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, regardless of the object conjugate.  The working or effective f-number is defined as
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Paraxial optics assumes all angles are small, and therefore
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.  At what NA is there a 1% error in the small angle approximation?  What working F/#?
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Solution
The small angle approximation uses the first term of the Taylor series expansion
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.  The second term of the expansion 
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can be taken as the absolute error.  The relative error is
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.  For a relative error of 
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, NA = 0.243 and F/# = 2.1 (or practically 2).
Problem.
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The sag formula for a spherical surface,
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, approximates the surface as a parabola, where 
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is the sag,
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is the radial coordinate, and
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is the vertex radius.  A parabola converts a point source at its focus to a plane wave, but is more costly to make than a spherical surface.  
A collimated beam 100 mm in diameter is required.  What is the maximum wavefront error (OPD) in waves due to using a perfect F/10 spherical mirror as a collimator instead of a parabola at 633 nm (red HeNe)? 
What happens to the OPD error if the F/# is held constant and the beam diameter is reduced to 50 mm?

Solution
One could solve by calculating sag difference between a sphere (circle) and a parabola, which would be fine, and noting that the OPD is twice the sag difference.  The maximum difference would be at the edge of the aperture for a parabola and sphere with the same vertex radius.
One can also calculate the OPD of a spherical mirror using Zemax or CodeV. A parabola is stigmatic (perfect imaging), so the OPD of the sphere is the entire error.  For an F/10 spherical mirror used as a collimator there peak-to-valley OPD is 0.31 waves.

Given the small OPD difference between a parabola and sphere already calculated, approximating a sphere by a parabola is appropriate to estimate the change in OPD.  The diameter (radial coordinate) is reduced by a factor of 2 and so is the vertex radius to keep the F/# constant. The sag formula implies a change of sag of (1/2)2/(1/2) so the OPD is reduced by a factor of 2 (changed by a factor of 1/2).  

Problem
When an autostigmatic microscope is focused on a plane mirror normal to the optical axis the spot position on the detector is the location of the optical axis on the camera.  When an autostigmatic microscope is focused at the center-of-curvature of a spherical surface the point image will be at the same location on the detector as the cat’s eye image.

What happens to the point image on the camera when the mirror is moved perpendicular to the axis of the microscope a distance Δx?  Explain your reasoning.

Solution
The projected spot of the microscope is an object for the mirror.  Moving the mirror Δx puts the mirror’s object -Δx from the mirror axis and its image is at Δx from the mirror axis (normal to mirror through vertex) by symmetry.  The point image will move 2Δx M on the camera, where M is the magnification of the microscope.

Keep in mind that a spherical mirrors focal length is f = R/2, and the magnification for an object at R = 2f is -1.

Problem
The schematic autostigmatic microscope shown in class and below has some deficiencies in its design.  Stray light is a big issue.  What should be done about stray light? 
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Solution

A collimated beam incident on the flat surfaces of the beam splitter will create a lot of stray light.  A parallel plate beam splitter should be used in collimated space where possible, perhaps even wedged.  A parallel plate will displace the beam which needs to be accounted for in the design, but introduces no aberrations to a collimated beam.

The through path of the beam splitter from the source has a lot of light, and a beam dump should probably be incorporated.

Don’t make the bores of the source and camera axes smooth.  Consider putting baffles in place.
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