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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 ifrequired.
Assume thin lenses in air if not specified.
As usual only the magnitude of a magnification or magniffing power may be given.
If a method of solution is specified in the problem, 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 rnay be used. This calculator must not have

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

Distance Students: Please retum the original exam only; do not scan/FA)lemail an
additional copy. Your proctor should keep a copy of the completed exarlr.

1) (10 points) A 200 mm focal length telephoto objective is constructed out oftwo thin
lenses in air. The first lens has a focal lengfh of 150 mm. The system Back Focal
Distance is 100 mrn Determine the focal length ofthe second lens and the separation
between the two lenses. Use Gaussian methods.
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2) (15 points) The design of a thin lens achromatic doublet is given by the following two
equations:
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Derive one ofthese two equations.
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h = 1 0

3) (20 points) An object is located 100 mm to the left of a 50 mm focal length thin lens.
The object has a height of 10 mm above the optical axis of the lens. The lens diameter is
20 mnl and the lens serves as the system stop. An additional aperture is placed 50 mm
to the right of the lens. What is the required diameter of this aperture so that the system
operates without vignetting?

The method of solution is not specified.

50 mm

f = 5 0 m m
Dsrop = 20 mm
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with three thin lenses in air.4) (30 points) A relayed Keplarian telescope is constructed

All three lenses have the same diameter of 24 mrn

Objective
foe.r = 125 mm

Relay Lens
f n = 5 0 m m

Eye Lens
feve = 25 mm

tt = 275 mm tz= 100 mm

Determine: The Magniffing Power of the telescope.
The half-vignetted Field of View in degrees in object space.
The locations ofthe Entrance and Exit Pupils.
The diameters ofthe Entrance and Exit Pupils.

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 determined from the chief ray.

Be sure to clearly label your rays on the raytrace form Your answers must be entered
below. You must 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 ofray data" etc.).

Magniffing Power :  ¿ , S  X FOV: +/- 3- o deg in object space

Entrance Pupil: zzn mm to the L of the objective lens. Dep: Z-€

Exit Pupil: 3  3 . 3 mm to the f?. ofthe eye lens. Dxp:  8
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Provide Method of Solution:

4ee = rO Dep t  2o*r - r  4r r= I  9rp :  8  - . *

La*.¡.\ r ,.*..Jt,"* r-t tL-,r*,¡\ +t* c4:þþ

o  {  t t  sdo r  (  r c l . y  l < , r s )  .

Ç-- l-F-(4 - v,J ".tt i tr 
( = l?l

1-L \..*iu. l<'. I t\ t ' -\y li '^^"{l +L ct'-' '$ t'Y '

T-ì* ¿tn¡.€ r.t is sr -[c4 'L t{ ' rr '4ì*'s ( tL c'\¡t&i"c:

S<.r¿ = l i ' :+ l  =  \ t .  \=  o. {3r .v
ã .b i  

I  \ - z l '

Tl* c.tr,i q{ r-l <,.,r.51< (r l"p. ) ¡.- ô\.t sl..<

fravî clr¡ +L Éotl

ü t =  - ( J . o s 2 3 c  h t o v = t t i ' ( È \

t * F o v  z - J , o  & J

f rs.\¡  +Lé +L r-tr-  /  A'{Ë G i ,s +|. .  | . rpu
- ¡
( Â  - . l 3 t ) e
:  =  -  ¿ , S  fr / t  -  o.  oSl23 ¿

e-r+--4i? tL ¿Lti t{  î ' ì t  " ' í t t \  
; l  ca'sta¡ +t ' (  -¿'- is '

Ê'?: z?1,2 ' '1* +r '  tL Le{t cT +lr "$c; 'h '^

ï  P:  V3 '3  '4r ' ' \  + '  +L rgL*  6  
tL  z lL  l ' - t

B " l r (  ç - g i l s  1 r <  r ¿ - \ .



OpTI-502 Optical Design and Instrumentation I John E. Greivenkamp

Final Exam - In Class Page 9ll2 Fall, 201 I

5) (10 points) The image in the eye is formed in an index of refraction of 1.336. The

rear foõal length of the eye is 22.4 mm. An object is 1 meter in front of the eye (in air)

and has a height of 20 mm. What is the height of the image formed in the eye (on the

retina)? Use Gaussian methods.

Assume that the eye changes length to keep the image in focus.
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6) (15 points) A double telecentric system is constructed out of two thin lenses in air. It

has a magnification of 1i5. The focal length of the first lens of the system is 200 mrn

Provide a layout of the system showing the second lens, spacings and the stop.

Two objects are located 400 mm and 100 mm to the left ofthe first lens in the system.

Where are the respective image planes (located relative to the second lens element)?
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Focal length ofthe second lens : (o Írm

Object at 400 mm: Image is 3L mmtothe Ê ofthe second lens

f?^of the second lens

fi = 200 mm

Object at 100 mm: Image is 41 mm to the
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BonusÆxtra Credit (5 points) We all know that in Gaussian reductior¡ a system of lenses

is replaced with a pair of principal planes and a syston focal length or power. One thing

we did not talk about is what happens to the stop!

Consider the following system which has a stop located between two thin lenses:

Stop

Discuss how you would include the optical properties of the stop in the reduced systern
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