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Name S t [*,¡{r.:.,.s

Closed book; closed notes. Time limit: 2 hows.
An equation sheet is attached and can be removed. Spare raytrace sheets are attached.
Use the back sides ifrequired.
Assume thin lenses in air if not specified.
As usuaf only the magnitude of a magnification or magniffing power may be given.
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 student is responsible for obtaining their own calculator.

Note: On some quantities, only the magnitude ofthe quantity is provided. The proper
sign convention must be applied.

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

l) (10 points) A 3X Galilean telescope has an objective lens with a focal lengfh of 150
mm. Complete the design by determining the focal length ofthe eye lens and the
separation ofthe two lenses.

f)

t-\P= ::5 - ô
o< cle

{"ro = -S(l 'ryrt+

^-- +.¡ lu + {.ro = ¿òtl , ,ûr, .^

Separation: f (Jt) mm feyr: -Sò mm
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2) (10 points) A thin lens in air is made of F2 glass (620364). The lens has a focal length
of 100 mm for d-light. The partial dispersion ratio for the glass is

P¿ .c  = f r¿  
- f l c  

=0 .294  v  -  f l ¿  - l

'  
f lr -f lc f lr -f lc

Determine the focal lengths at the F and C wavelengths.
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2) (10 points) A thin lens in air is made of F2 glass (620364). The lens has a focal length
of 100 mm for d-light. The partial dispersion ratio for the glass is

P ¿ . c : f t ¿ - f t c  = 0 . 2 9 4  , =  
n o - l

frr _ flc f lr _ ftc 
10 = 3.ç..1

Determine the focal lengths at the F and C wavelengths.
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3) (10 points) Draw the tunnel diagram for this prism with the ray path shown. If the
total length of the prism (apex-to-apex) is L as showr¡ what is the length ofthe tunnel
diagram?

Tunnel Diagram Length:
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4) (30 points) The following diagram shows the design of an objective that is comprised
of two thin lenses in air. The system stop is located between the two lenses.

The system operates at f/4.
The object is at infurity.
The maximum image size is +/- 30 mrn

fi = -200 mm
lttop
Dia = ???? fz= 100 mm

40 mm 40 mm

Determine the following:
- 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
specified maximum image size.

lmage
Plane
(+Ê 30 mm)

T t ì s  i . ¡  ê

Ccvcf u f-lcph.|rr¡

ob¡ c.rtf *t

ß É o  > +
be unvignetted over the

FOV: +/- /S. I deg in object

NorE: 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 forrn Your answers must be entered
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: 3 3.gS mmto the 12- ofthe first lens. Drp:  27.?8 mm

Exit Pupil: CL.ç1 mm to the l- ofthe second lens. Dxp : SS. .l¡ mm

System Focal Length : rf f. | | mm Back Focal Distance: /SS.SL mm

Stop Diameter: 3 3.3 3 mm

Lens I Diameter: 4lS.?8 rtm Lens 2 Diameter: .ç¿.f

space
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Provide Method of Solution:

€er/uP !o¿nh.i..¡ : T¡-..¿ < gotc-{¡¿ c,[*i.{ f^l st.rt '"g
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Provide Method of,Solution:
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5) (20 points) An object-space telecentric system has a focal length of 100 mm. The stop
diameter is 10 mm (i.e. stop radius equals 5 mm). An object is located 200 mm to the left
ofthe lens. The object size is +/- l0 mm.

a) Sketch the system and determine the required lens diameter for the system to be
unvignetted. The method of solution is not specified.
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b) Repeat the problem when the system setup is changed for an object location 1000 mm
to the left of the lens. Comment on the implications of this result for the use of object-
space telecentric systems. The method of solution is not specified.
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6) (20 points) A hemispherical lens is used as a 50X objective in a microscope with an
optical tube length of 170 mrn The optical tube length is the distance from the rear focal
point of the objective to the intermediate image presented to the eyepiece of the
microscope.

The hemispherical lens has a radius R, with a thickness of R, and an index n: 1.500.
The lens is used in the plano-convex configuration (the plano surface faces the object).

Determine the required radius of curvature for the hemispherical lens R and the object-
side working distance provided by this objective. This problem Ís to be done using
Gaussian methods. No credit will be given for raytrace analysis.
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