
OPTI 415/515 Homework 3       

Undergraduates and Graduate Students do all three problems.   

 

1. You now wish to fabricate the machine vision system from the previous homeworks.  

Unfortunately, you don’t have the budget to create a custom lens that matches you 

calculated effective focal length from homework 2.  Visit the Edmund optics website. 

Find an off-the-shelf achromat that closely matches the calculated effective focal length.  

What is the part number and diameter?  If the object to first surface vertex distance is 

1 m, what is last surface vertex to sensor distance?  Note: if using raytrace code, you may 

need to do some research on the glass type as different vendors call the glasses different 

names. For example N-SSK8 is just SSK8 from the Hikari glass catalog in Zemax. 

The desired focal length from the previous homework was 76.336 mm.  From the Edmund 

site, the lens below (Part NT49-781, diameter 25.4 mm) is close. 

 

Entering these specs into Zemax gives the shown below.  The distance from the rear 

vertex to the sensor needs to be 77.393 mm. 



 

2. The lens we have been analyzing in the previous homeworks is called a Kingslake 

telephoto.  Suppose the field stop is in the image plane and has a diameter of 14.88 mm.  

What is the field of view of the lens?  The semi-diameters of each of the lenses are 

provided below. Does this lens have vignetting, and if so how much? Provide spot 

diagrams for both on axis and at full field. How does the width of these compare to an 

Airy disk of a system with the same F/#? 

Radius (mm) Thickness (mm) Index Semi-
Diameter(mm) 

24.607 5.080 1.517 9.4 
-36.347 1.600 1.620 9.4 
212.138 12.300 1.000 9.4 
∞ (Stop) 21.700 1.000  
-14.123 1.520 1.517 9.4 
-38.904 4.800 1.620 9.4 
-25.814 37.934 1.000 9.4 
 

Below is a raytrace of the real chief ray.  The direction cosines incident on the first 

surface are (0.0, 0.072778, 0.997348). The HFOV is given by 
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The FFOV is twice that or 8.4°. 



 

The lens has vignetting and it is about 9% at the FFOV. Below is a vignetting plot. 

 

The spot diagrams are shown below. The Airy disk diameter is roughly 8 mm, while the 

on axis spot is about twice that and the full field spot is about 8x as large, but most of its 

energy is concentrated in region about 2x the Airy disk. 

 



3. Suppose we have a wavefront error ( ) ψρ=ρρ coshW,W 3
131yx . What are the components 

of the transverse ray error εx and εy? Create 500 random values of 10 ≤ρ≤  and 

π≤ψ . Plot ρx vs ρy to see how random your random number generator truly is. 

Create a spot diagram by plotting εx vs εy for these random pupil coordinates.  Assume 

h = 1, W131 = 0.001 mm, reference sphere radius R = 100 mm and the exit pupil diameter 

is 20 mm. 

≤ 20

Here are my results done in Excel. It appears that the Excel random number generator is 

not that great since many of the pupil coordinates are concentrated near the center of the 

pattern.  The spot diagram has the familiar comatic pattern. 

 


