Exam 2 415/515
Name______________________________________
1) What is the difference between a horizontal standard and a vertical one?


(5)

Give a generic, or general, example of a horizontal standard

Horizontal standards are applicable to all classes of topics in a particular field while vertical standards apply to a particular class. For example, a standard devoted to definitions or vocabulary would be a horizontal standard as would one on environmental testing. A vertical standard might apply to microscope performance and various components of microscopes. Another vertical one might apply to telescopes
2) Define the optical axis of a plano-concave lens. Draw a picture a label the important aspects.













(10)

The optical axis of a plano concave lens is the line normal to the plano side that goes through the center of curvature of the concave side. 
3) Draw a picture and label the important aspects of how you would measure the radius of curvature of a convex spherical lens or mirror surface with an interferometer or autostigmatic microscope. 










(14)
The radius of curvature is how far an interferometer or autostigmatic microscope is moved in a straight line from being in focus at the center of curvature to being in focus on the surface (cat’s eye position).
If the radius of the convex lens surface were longer than the working distance of the interferometer transmission sphere available, could you still measure the radius of the convex side? How would you do it? Describe with a picture and words. What additional information would you need in this case?









Yes, look through the opposite side so the convex surface now looks concave and move the interferometer or autostigmatic microscope to the apparent center of curvature of the apparent concave side. You need to know the index, physical center thickness and radius of curvature of the side you are looking through to determine the radius of the convex side. Further, the aperture needs to be stopped down to get a paraxial reading.
4) Name the seven / designations on ISO optical drawings, that is, what does 0/ mean, etc.?













(7)

0/ Stress birefringence
1/ Bubbles and inclusions

2/ Striae and inhomogeneity

3/ Form error or figure including radius, or power, tolerance

4/ Centering


5/ Surface imperfections, scratch/dig

6/ Laser damage threshold
5) On what type of surface would you not use the 4/ designation?



(5)
A plano surface because it has no axis
6) Write an approximate formula for the sag of a spherical surface. Label the parameters on a drawing.










(5)
Sag = y^2/(2*R) where y is the zonal radius (half the diametrer and R is the radius of curvature
7) Assume a lens has its optical axis coincident with a line joining point object and point image. At what angle does the line intersect the first lens surface? What angle does the ray make with the last surface of the lens?  








(8)
It hits both surfaces at normal incidence
Assume the first surface of the lens has a radius R and the lens is decentered relative to the line by a distance h. At approximately what angle will the ray intersect the surface, or what is the ray’s angle of incidence?

Angle of incidence is h/R
8) In the designation 5/3xA, what does this mean and what does A represent? What are the units of A on an ISO drawing?








(5)
Three defects are allowed where A is the length of the side of a square in mm. There area of each defect is A^2.
9) For a prism, what is the difference between deviation errors and pyramid errors?
(5)
Deviation errors are in the plane of incidence while pyramid error causes the reflected ray out of the plane of incidence.
10) You will have an optics shop fabricate a lens for you. List the basic steps in order that they will have to go through in order to fabricate the lens. Will the order in which they do the steps change depending on whether one or more lenses are made in a batch or the steepness of the curves on the lenses? Briefly say why.






(15)
Procure glass
Mold or cut to rough (near net) shape

Generate to shape

Block to tool. 

Lap or grind to remove generator damage

Polish and figure

Reblock for second side

Lap or grind

Polish

Deblock, clean and edge

Coat

Inspect

For weak (flatter) curves you can mount or block many lenses together to form a large surface and grind and polish all of one side together. The block may be almost a hemisphere
For steep curves lenses have to be done one at a time because a single lens surface may approach a hemisphere which is about as steep a surface as you can polish successfully.
11) If a nominally plane parallel window has a physical wedge of alpha, how much will the window deviate collimated light incident upon it?





(4)
Deviation = alpha*(index – 1)
12) A mirror is 100 mm in diameter and has a radius of 500 mm. If the radius is changed by 1 mm, how much will the sag change? What if the mirror were just 50 mm in diameter and the radius changed by 1 mm? Can you just write down the answer without doing any calculation?












(12)
Sag = 50^2/(2*R) = 50*50/ 2*500 = 50/20 = 2.5 mm
dsag = -1/2(y/R)^2*dR = -1/2(1/10)^2dR = .5*.01*dR = .05 mm
Since power goes as the square of the aperture the 50 mm surface will have a sag of 0.0125.

If the radius is 500 mm in one plane and 501 mm in the plane 90 degrees to the first, what type error will the surface have and what will be its peak-to-valley magnitude? If a point source is placed 500 mm from the vertex of this mirror and the image of the point is viewed moving along the line joining vertex and center of curvature, how will the image change shape. Draw a picture to help explain.

Astigmatism. From the problem above the error in one direction will be 0.05 mm more than in the direction at 90 degrees. 
Image will change from a line in one direction through a circle to a line perpendicular to the first.
13) In testing an optical surface there is an error that varies as the radius of the aperture to the third power and varies with azimuth (or polar angle) as 1 θ.  How should (according to Bob Parks) the Zernike coefficient describing this error be written? With which low order aberration is this error associated?
Z31, coma
Could be the same with a -1. Or +/- 1.







