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October 11, 2007 Lecture 16 Name S O\ v ‘HO'\S

Closed book; closed notes. Time limit: 75 minutes.

An equation sheet is attached and can be removed.

Use the back sides if required.

Do not use any pre-stored information or programs in your calculator.
Note any assumptions you make in solving the problems.

Show your work. Present it in a neat and logical fashion.

If a method of solution is specified, that method must be used.

Distance Students: Please return the original exam only; do not FAX or scan an
additional copy.

1) (10 points) Draw the tunnel diagram for this 45 degree deviation prism with the ray
path shown.
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2) (20 points) An afocal system is constructed out of two positive thin lenses. The first
lens has a focal length of 200 mm, and the magnitude of the lateral magnification is 0.1:

|m|=0.1 Tw¢ Pog'\‘\-'l\li L-¢"\§-¢S — m=-o0.\

a) Determine the focal length of the second lens and the spacing between the two lenses.

M: - :‘ - - ‘Cc..

5,7 T oo
‘CL 2 20 mm
* = Q\ +'€‘_ = 22—0””\ £2= 10 mm

b) The first lens serves as the aperture stop of this afocal system, and the diameter of the
first lens (or stop) is 50 mm. Determine the locations and diameters of the Entrance Pupil
and the Exit Pupil. Use Gaussian methods.
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EP: Dpp= S OG mm; Located © mmtothe —— ofthe first lens.

XP: Dxp=_-S.© mm; Located 22 mmtothe Rig\t ofthesecond lens.
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3) (10 points) A 3 m tall elephant is to be imaged onto a 1 cm detector. The elephant is
about 30 m away, and the image of the elephant fills the detector. Approximately what

focal length lens is required?

lCm i
P E = T s A ——
3w 300
22 — 30 wm
mw = g—" = Q' —._‘_
Z ~30owm 300
2'= Ol m =2 10D mn
‘?:: 2 = t00 ~

f
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1006 mm
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4) (30 points) A plano-concave lens and a plano-convex lens have been glued together to
create a thick lens. When the lenses were glued togeter, the system stop was placed

between the two lenses. The lens is used in air.
R1 =-100 mm
R2
R2 =-50 mm
t1 =10 mm
t2=15mm
n = 1.5 (both lenses)

Stop Diameter = 20 mm

a) Use Gaussian methods to determine the location and diameter of the Entrance Pupil of
the system.
F-T'ovx’* SVY‘Q‘Q : ¢' = (I'S‘I-Q)/z‘ ¢' = "0.00 S/M\«.

E?: rw\‘y 4+ s“\)' 1= o%tc" 5?‘“ .
Liak* 50“9\& g—um (2""\.—(- 4o L&‘Q“"

n
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Nn=2 —-[ % M!'==to
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e'Ep - (Q - 0.0QS
2 = (.S mn
+o +he Big\ o8&V,
2 ¢
Zerue /n 18/-1.&

Dee = Mgp Pine = 1935 mn

EP: Dpp= 19.38 mm; Located G&-4< mmto the Rigt& ofthe front vertex.
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b) Use paraxial raytrace methods to determine the system Focal Length, the Back Focal
Distance, the Exit Pupil location, and the Exit Pupil daimeter. Note that the results from

part (a) are not needed for this solution.
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¢ = - ’,.;"' * - 5 = ,005%33 /i
2% = (1S ma
RFD = 8 pmper + 2% = /9.8
BFD = 1¥8.7 mn
%P ] 2'yo = <111 (4o 4l left
V')“as ?xP = Mot
DFP > Zf‘yp = 22.22 mn
FocalLength=_(21.4 mm BFD=_ /¥<.7 mm

XP: Dyp= 22.22 mm; Located (/. (}

&'sep 2~
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mm to the LeL+ ofthe rear vertex.
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5) (20 points) In the homework, we found that a sphere with an index of 2.0 is needed
for light from a distant object to be focused by the front surface of the sphere onto the
opposite side of the sphere. Unfortunately an index of 2.0 is difficult to obtain.

A solution to obtain this same effect is to split a sphere into two identical hemispheres.
What separation between the hemispheres is required to have the light from a distant
object focus on the vertex of the second hemisphere? F’ is to be coincident with V'. The
radii of the hemispheres are 50 mm, their indices are 1.5, and the hemispheres are in air.

b, = (1-5S-1.0) /2

\ ¢, = o.ol /mm
VI: The corvel sorbce of Fhe gecent
R F' hewmsphere  hen o sphicll
elfek Qv Al grablen,

t
SQ’/&"&\ Sd \.u‘\'\'én W—*\\Q&S PUSS'\\J‘ .

Salitian A Oeternin, +lo BFO ok the Rest  hewisphere,
¢, =0 b= @, = 00t [imm L= 4 o Vg = (00 mm
For Yhe Krsv hemisphere, iz \
C"'—'%*’-:— % = I R tE T

RFD = ‘Qq'. 4 & 2 00mn- 3333 mn = 66,67 ma,

The secomd heawgryehen loses ;\us‘\' like a block o

&\u&s ok Ay e wness 2 P\“'“‘l obter +Le Qesh HCM'\Sp\\¢"¢.

Uge cedouced “"\“;dcuss.' Fav F' <X V':
REFO = &+ —\}:— =z 66.C7 ma

A= 66.07 -33.,33 = 33.33mm

Required separationt = 33.33 mm
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5) (20 points) In the homework, we found that a sphere with an index of 2.0 is needed
for light from a distant object to be focused by the front surface of the sphere onto the
opposite side of the sphere. Unfortunately an index of 2.0 is difficult to obtain.

A solution to obtain this same effect is to split a sphere into two identical hemispheres.
What separation between the hemispheres is required to have the light from a distant
object focus on the vertex of the second hemisphere? F’ is to be coincident with V'. The
radii of the hemispheres are 50 mm, their indices are 1.5, and the hemispheres are in air.
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Required separationt = 33.33 mm




OPTI-502 Midterm Exam John E. Greivenkamp
Page 8/9 Fall, 2007

6) (10 points) An optical system in air is comprised of two thin lenses:

fi =50 mm
£ =-50 mm
t=20 mm

Use Gaussian methods to determine the system Focal Length, the Back Focal Distance,
and the location of the Rear Principal Plane.

$ = Yo = oz S ga:- "% = ~0.02 fun

S
v

¢I +¢L -¢141)t = "¢c4a.*

b
)

£ Y% = 125 mum

A.":'"‘""t:"@ A e

(b the Lot of L)

BFO= £+ 'z 7€

Focal Length = 12X mm BFD = 2€ mm

Rear Principal Plane is located S8 mmtothe Le€+ ofthe second lens.
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