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Closed book and notes. Use back sides if needed. The time limit is 2 hours.
Do not use any pre-stored information or programs in your calculator.
. Show your work. Note any assumptions you make in solving the problems.

Thanks for all your efforts this semester. Have a great holiday!!

1) (15 points) An {/10 optical system has the following first and third order aberrations:

Woz0 =2 um
Woso = -2 um
Wiz =1pum
Wi =3 um
W2 =-3 um
Wi =-2 um

a) Write the expression of the wavefront error.
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¢) Plot the tangential and sagittal ray fans for H=0 and H = 1. Be sure to label the axes
and provide the scale of the plots.
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b. Derive the general expressions for the transverse ray aberrations €, and g, for this
aberration. Give the results in terms of Xp and y,,.
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2) (15 points) One of the ninth-order aberration terms is Woqs.

a. Give the expression for the wavefront aberration.
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¢. Now provide the equations for the tangential and sagittal ray fans for this aberration.
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3) (15 points) The goal of this problem is to design a variable focal length lens using a
plano-convex lens, a plane parallel plate, and a fluid that has a variable index of
refraction. The fluid is placed between the lens and the plane parallel plate to
produce a sandwich of thin lenses.

Plano-convex lens: focal length = 100 mm n=1517
Plane parallel plate: thickness = 2 mm n=1.517

a) Sketch the arrangement of elements and give the equation for the system focal length
as a function of the index of the fluid. Assume all of the elements are thin lenses in
contact.
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b) If the index of this fluid can vary from 1.3 to 1.7, what range of focal lengths can be
obtained with the system? Note that this is a fictitious fluid!
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4) (10 points) Design a 500 mm focal-length thin-lens achromatic doublet using the
following two glasses:

Glass 1: PSK 3 552635 M, = .S L, : 63.5%
Glass 2: BaSF 2 664358
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5) (15 points) A 5X Keplerian telescope has a 200 mm focal length objective.

a) Determine the focal length of the eye lens and the overall length of the telescope.
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b) If the stop of the telescope is at the objective, what is the eye relief?

XP i\ +Ll lm.&&‘ 6 ﬂ' Shf 'oy ""Ln eyt ICKS‘

¢ = -L 'i‘:";—*zt_ 2': 48 i

Eye Relied = 4Frmun,

¢) The objective lens has a diameter of 40 mm. What is the required eye lens diameter
for the telescope to have an unvignetted field of view of +/- 2 degrees?

Mf.“ 3‘. ‘-‘\& g& .-* ll‘\s Z. ¢‘ S .OO(/W“,
Claek: G = tanl2®) = L0349
420

;7‘; Al =2 T3 mn

hﬂ-fd°\*~9~'- 4, = 20 | oY 4.z M
u’:-»‘&é,: - ol ‘g&‘;z_ss’.

#Lz #.49L‘L-=Z'0‘2‘1‘
‘3‘ z - Y mum
Vigwething @y > [ gl +1%)
4‘_7 IZ\st“"M



OPTI-502 Final Exam - In Class

John E. Greivenkamp
Page 7/8

Fall 2001

6) (15 points) Convert the 5X Keplerian telescope from the previous problem (a 200 mm
focal length objective) into a doubly telecentric system.

a) Determine the stop location and a pair of conjugate planes.
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b) Two objects are located 400 mm and 100 mm to the left of the objective lens. Where
are the respective image planes (located relative to the second lens element)?
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7) (15 points) An optical system has astigmatism (W) = 2 um). The maximum image
height is 10 mm and the system has a numerical aperture of NA = 0.1. What is the radius

of curvature of the tangential image surface?
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