Opto-Mechanics Lab 1 – First Order Optics
Background: In this lab you will set up a simple lens and use it at finite conjugates to determine image motion as a function of lateral and axial lens motion. You will see the change in axial image position due to the insertion of a plane parallel window in the beam path and how the image is shifted when the window is tilted. You will measure beam deviation due to passage through small angle prisms and compensation using a pair of (Risley) prisms. 
Finally you will investigate reflection from one and two mirror systems to see what rotations the reflected light is sensitive to and what ones it is not.

Finite conjugate set up and image motion: A point source of light will be projected through a biconvex lens to form an image at roughly 1:1 conjugates on the far side of the lens as shown in the figure below. A steel ball will be placed so that its center is at the image so the ball acts as a convex mirror to reflect the light back to the object. The return image will be tracked with a CCD camera so that lateral and axial displacement can be measured.
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Once the image is centered and in good focus on the CCD screen, move the lens laterally a small, measured amount and move the ball at the image to re-center the image. How much did the image move in relationship with the magnification?
Move the lens and ball back to their starting positions and change the object distance a known amount. Refocus the ball and see if the refocus matches theory.
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Effect of a parallel plate: With the setup aligned, insert a window of known thickness between the lens and ball. Move the ball to re-focus the set up. What is the axial relationship between the window physical thickness and its optical thickness. (In this experiment make sure you are focused on the center of the ball, not its surface. How do you know you are focused on the center of the ball?)

Now rotate the window about an axis in the plane of the window. What is the relationship between the rotation angle and the motion of the ball? Does the character of the return image change with angle?

Remove the window and insert a microscope slide in the beam by hand. How does this affect the image? Is the effect the same whether the slide is near the lens or near the ball?
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Properties of plane mirrors: Re-align the setup and place a plane mirror in the image beam about half way between the lens and the ball tilted at about 45°. Move the stage the ball is on so the ball center is again at the image location. Tilt the mirror a small, known amount and record how much the ball must be moved to keep the image centered. Does the ball motion make sense given the rotation of the mirror?
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Now rotate the mirror so it is facing the lens so the focus is about 10 mm in front of the lens. Use a 5 or 6 mm diameter ball so as not to block too much of the beam and adjust the ball position at the focus of the image. Move the mirror away from the lens a small, known amount. How far does the ball have to move to keep the focus at the center of the ball? How do you know you are focused at the center of the ball?
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As you make measurements, the micrometers are divided in English units with minor divisions of 0.001”. Try to make measurements to 0.0002” by estimating fractions of a division. Note also what happens to the image as you are making adjustments. Do you have suggestions for making the methods of adjustment more stable?
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Two mirror systems: Insert a pentaprism in the beam on a three axis rotary stage and rotate the plane mirror 90 degrees to reflect the beam back to the source. Align the system to center the spot.
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Cover the plane mirror to adjust the entrance prism face perpendicular to the beam. Does the prism have any wedge? Uncover the plane mirror and investigate the image motion as a function of which angle the prism is rotated about. Try to keep the entrance face perpendicular to the beam (at least in one direction) in order not to cross couple the angular rotations.
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Conclusion: Document your results in your lab book and return the setup to the original conditions with the lens and ball so the next group will be set to start afresh. 

If there is not time to do all the parts of the lab in 3 hours it is better to do and document what can be done in a professional manner than to rush through the experiment.
