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Name S.\ uf', .c'"4

Closed book; closed notes. Time limit: 2 hours.
An equation sheet is attached and can be removed. A spare raytrace sheet is also attached.
Use the back sides if required.
Assume thin lenses in air if not specified.
If a method of solution is specified in the problen¡ that method must be used.
You must show your work and/or method of solution in order to receive

credit or partial credit for your answer.
Only a basic scientific calculator may be used. This calculator must not have

programming or graphing capabilities. An acceptable example is the TI-30
calculator. Each stude,nt is responsible for obtaining their own calculator.

Distance Students: Please return the original exam only; do not scar/FA)lemail an
additional copy.

1) (10 points) Use two thin lenses in air to design aPetntalobjective with a focal length
of 100 mm and a back focal distance of 80 mm. The separation of the two lenses must be
40 mm. Use Gaussian methods.
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is comprised2) (30 points) The following diagram shows the design of an objective that
oftwo thin lenses in air. The system stop is located between the two lenses.

The system operates atf/4.
The object is at infinity.
The maximum image size is +l- 25 mm.

Stop
Dia = ????fi = 200 mm fz= 160 mm

20 mm 20 mm

Determine the fo llowing:
- Entrance pupil and exit pupil locations and sizes.
- System focal length and back focal distance.
- Stop diameter.
- Angular field of view (in object space).
- Required diameters for the two lenses for the system to be unvignetted over the
specified maximum image size.

NOTE: This problem is to be worked using raytrace methods only. Gaussian
imaging methods may not be used for any portion of this problem. The field of view
must be detemined from the chief ray.

Be sure to clearly label your rays on the raytrace forrn Your answers must be e,ntered
below. Be sure to provide details on the pages that follow to indicate your method of
solution (how did you get your answer: which ray w¿rs used, analysis of ray dat4 etc.).

Entrance Pupil: 2¿.2? mm to the z ofthe first lens. D¡p: 2S.o  mm

Exit Pupil: 22,tL mmto the L ofthe second lens. Dxp: ZS." z mm

Back Focal Distance: 80 ÍtmSystemFocalLength: lt)o 1¡6

StopDiameter: Z?.S mm

LenslDiameter= 36.t  mm

FOV: +/- t4.o deg in object space

lmage
Plane
(+/- 25 mm)

Lens 2 Diameter: 31. I Ítm



OPTI-502 Optical Design and Instrumentation I John E. Greivenkamp
Final Exam - In Class Page 3ll7 Fall,2010

ç '
Ô l Þ . ¡  Ê P  L I  S r n r  L L  X p  î n n 4

S u r f a c e 0  1  2  3  4  5  6

zôò l(t r)
- . ( l os -. t>o(o2s

€zz,zzzl. zo I zo l-z¿. ssì\- , ô?,16

Pofc'.*i.t Ct+',cS Rcy

v
*
u

Pc tc..tí"t Î-t..r1i.r4 2.-

Í
-0
t

v
u

Potc.#¡-r C h¡cG Q.v - É¡rtc.&.0

v
u

f lcc6i.t  Qrt - .$..1< F..+,",- = lZ,S

v
u

C h¡ c Q Q.y -  Sc.tc F..{ t rr  t  ?.12 8

1
u

v
u

v
u

0 -zP Ò 2 . o o
, ô Q ¡ f , ¡ f , .Òg?s

+í"t ¡-tgrgi'r4 J o z , a ô
¡ t I I o . 1 o . 8 t , ù 2 t b o

ò ò - . ooS -. oôfí - . ô  | - , ê  |

ô - Z.c> o 2 . o ô 1,oo
. r . l? I , t . ( )8?,1 . ô t ? s

J ? , 1 l z ,x r ¿,s I  t . 2 < l o . o l 2 ,  ! b o
ô ô -.otrZS -.oÍ-ZÍ -. tzl - .  t?ç

o -s. (c Þ s. s6 c) 2-S.o
, ? S O , ¿ T 7 V . z"-19 ,  2 4 3 , , 2 f 3 t

"f a. rtr* î<tt¡

Continues...



OPTI-502 Optical Design and Instrumentation I John E. Greivenkamp
Final Exam - In Class Page 4ll7 Fall, 2010

Provide Method of Solution:
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Continues...

Provide Method of Solution:
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3) (30 points) Consider the following optical system:

lmage
Point

A point source is imaged onto a mirror by two lenses ("Source Lens" and *Mirror Lens")
and a beam splitter. The reflected light is the imaged by two lenses ("Mirror Lens" and
'Tmage Lens") to a final image point as shown. The mirror is located at the focal point
of the'Mirror Lens".

The separation between the "Mirror Lens" and the 'Image Lens" is 300 mm forming an
afocal systern The point source is located at the front focal point ofthe "Source Lens",
and the combination of the "Source Lens" and the "Mirror Lens" also forms an afocal
systern

The method of solution is not specified.
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a) The mirror is translated 5 mm towards the "Mirror Lens" (to the right). How much
does the image point move?
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Image Shift: 1o Direction 12rút*t

b) Returning to the original configuration, the point source is translated down or away
from the "Source Lens" by 2 mm. How much does the image point move?
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c) Retuming to the original configuratior¡ the point source is translated to the right by
2mm (the distance to the "Source Lens" does not change). How much does the image'
point move?
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Image Shift: -4 ^,n Direction Do- ^

d) Returning to the original configuration, a block of glass 5 mm thick (n : 1.5) is
inserted after (to the right of) the "Image Lens". How much does the image point move?
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e) Retuming to the original configuratior¡ a block of glass 5 mm thick (n : 1.5) is
between the'Mirror Lens" and the mirror. How much does the image point move?
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f) Retuming to the original configuration, the mirror is titted by 2 degrees about its
intersection point with the optical axis. How much does the image point move?
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g) The original system has been changed so that the separation between the'oMirror
Lens" and the 'Image Lens" is now 200 mm. Repeat part a) for this configuration: The
mirror is translated 5 mm towards the "Mirror Lens" (to the right). How much does the
image point move?
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4) (15 points) Design an object-space telecentric system consisting of a thin lens and a
stop. The focal length of the lens is 100 mrn, and the system operates at I :1 conjugates.
The system covers a field of view of +10 mnU and it operates at a working Ênumber of 4
(f/#w : 4 or NA : 0. 1 25). The system is unvignetted over this field of view.

Sketch the system and provide the required spacings, the diameter of the lens and the stop
diameter.

The method of solution is not specified.
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5) (15 points) A right angle prism of index n is used to deviate a converging beam by
90 degrees. The fastest f/# or NA that the prism will support is limited by the loss of
Total Internal Reflection at the hypotenuse ofthe prisrn The prism is used in air.
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a) Derive the expression for the fastest NA that is supported by the prism. At this limit,
the entire converging beam undergoes TIR at the hypotenuse.
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b) Evaluate this expression for BaK4 glass (glass code:569560). What is the fl#
corresponding to this NA?
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Extra Credit (5 points)

The Porro Prism erecting system in a pair ofbinoculars can be thought of as four right
angle prisms. If the objective lens used in the binoculars is faster than the TIR limit
found in the preceding problerry what is the effect on the exit pupils?

Sketch the appearance of the exit pupils in this situation.

The orientation ofthe prisms is shown in this drawing ofthe binoculars as seen from the
back. The prisrns are oriented at*45 degrees.

Porro Prism

Objective Systems Objective

Eye Lenses

Nominal Exit
Pupils
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Sketches of Exit Pupils Showing the Effects of the
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