OPTI 415/515 Optical Specifications, Fabrication, and Testing ( ; nwr ;ﬁ.

Midterm #1

_

1) (15) A light box (with green mercury lamp) is used to compare the shape of an unknown
surface against a flat reference surface. The interferogram below is produced. The diameter of

the optical component is 50 mm.

E - R A) Can you determine if the part is convex or
concave from this single image? If not,
describe specifically how to determine if the
unknown part is concave or COnvex.
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B) Calculate the sag of the surface in nm
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C) Determine the radius-of-curvature in mm.
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2) (10) Sketch a schematic layout for a temporal phase shifting Twyman-Green and Fizeau
interferometer using a laser source for testing a flat mirror. You do not need to sketch the details
of how the collimated beam is produced. Identify the key components including test and
reference surfaces, phase shifter, and digital camera where the interferogram is located. What
surface should be imaged onto the detector array?
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3) (5) Compare the relative advantages of a Twyman-Green and Fizeau interferometer. Assume
a temporal phase shifting system, not instantaneous phase shifting.

r"/‘htcuu:'('/bloj% o/oL/'cf @~ C O e 6 /‘Mﬂ/ Co 7&(«-.7
olo m-—1Z ?QL]V*/&, GCLU/‘\C\/

— Req oine hase g‘t\:‘fié/’n b /”USA/'/'
/éqil/% Jmfﬂe/‘u‘ . Soy VU@L 7/ }

T_ + A//owr < 'UJ“7LM<“'7[ @OVL € e i
G w/irfow—/awa\}é/('/t/ o L /‘“U/NZIAMOJ.Q
/éaf‘e/f

-+ eaf% Y5 ﬂleﬁ(, SL;[?Zf
+  Caun Cq;’u‘e G.CCO‘/.‘NOJ@]L-& p/[/f%/m%

ot e et v eC



4) (10) Sketch the layout and describe the process for measuring the index of refraction of a glass
using a prism. Identify the required components. There are at least two possible ways of doing
this, you only need to describe one. ‘
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5) (15) Sketch the optical setup to test the following components using an interferometer with
converging spherical wavefront as shown below. Details of the interferometer are not required.
Identify the components, center-of-curvature, etc. for each setup.

a) concave spherical surface
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b) autocollimation test of a concave parabola
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¢) layout for testing a concave ellipsoid using a tooling ball
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6) (10) A spherical mirror has a radius-of-curvature of 100 mm and a diameter of 10 mm

a) Sketch the mirror and indicate its center-of-curvature and focal point locations. A 1 mm tall
object (arrow) is placed at the center-of-curvature pointing up with its base on the axis. Show
the object and image. What is the transverse magnification?
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b) What is the “diffraction limited” depth-of-focus of the mirror according to the Rayleigh
criterion for the image of an object placed at the center-of-curvature?
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7) (5) Zernike polynomials are orthogonal overa U4« + Citre (C :

What would happen if Zernike polynomials were used to fit data over a triangular aperture?
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8) (15) Phase shifting interferometry is used to measure the phase of a wavefront and thereby gl%
determine errors in a surface.

A) Write an equation describing two-beam interference including a term for phase-shifting.
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B) How far must the reference mirror in a Twyman-Green interferometer be moved to cause a Y
wavelength (90 degree) phase shift with a 633 nm HeNe source?

700—;» */L,(:“ (’% T (S E nm ol

/(7,'//0/ moye ( ZL as Mu(/l\ 7?/1»-\
o eack A sep.

C) Phase shifting interferometers are sensitive to a variety of effects.
can adversely affect the quality of measured data.
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List at least three items that



9) (15) Shear plate interferometer.

a) Sketch a shear plate interferometer used for testing collimation of a beam. The interferometer
is designed to have 5 horizontal fringes when the beam is collimated.
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b) What happens to the fringes if the beam is not perfectly collimated?
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¢) How can you use a shear plate to test for astigmatism in a nearly collimated beam?
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d) For 1
Find

Question for 515 students (20 points)
(Extra credit for 415 students)

The Seidel aberrations for power and spherical aberration take the form Wozop and Wo4op
where p is the normalized pupil radius.
a) Sketch the profile of these two functions for Wo20=Woso =1 pm.
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b) Show mathematically that these functions are not mutually orthogonal over a unit circle

Functlonsf and g are orthogonal when If gdA=0
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The orthogonal forms are represented in Zernike polynomials y /
Power: a4 (2p —1) o |
Spherical: ag (6p*-6p? +1) ./ O - (L
¢) Sketch the profile of these two functions for ag=ag=1pum
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um Zernike spherical aberration (ag = 1 um), re-write the function in terms of Seidels.
the values for W, and Wo4o0.
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