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October 11, 2007    Lecture 16   Name_________________________ 
 
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: 
 

  0.1m =  
 
a) Determine the focal length of the second lens and the spacing between the two lenses. 
 
 
 
 
 
 
 
        f2 = ______________mm 
 
        t = _______________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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EP:  DEP = ________mm;      Located ________mm to the ________ of the first lens. 
 
 
XP:  DXP = ________mm;      Located ________mm to the ________ of the second 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?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        f ≈ _________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 = -50 mm 
 
 t1 = 10 mm   
 
 t2 = 15 mm 
 
 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EP:  DEP = ________mm;      Located ________mm to the ________ of the front vertex. 

t1 t2 

R2 R1 
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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. 
 
 

 
 
         Continues… 
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Focal Length = ____________mm  BFD = _____________mm 
 
XP:  DXP = ________mm;      Located ________mm to the ________ of the 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. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Required separation t = ________mm

t 

F′ 
R 

V′ 
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6) (10 points)  An optical system in air is comprised of two thin lenses: 
 
   f1 = 50 mm 
   f2 = -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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Focal Length = ____________mm  BFD = _____________mm 
 
Rear Principal Plane is located ________mm to the _________ of the second lens.
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Spare raytrace sheets 
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