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OPTI 415 Midterm1            March 14, 2019 
 
Answer all three questions 
 
1. A thin lens is used as an objective lens for an object at infinity.  The system is F/4 with a focal length 

of 80 mm and a FFOV of 8°.  The stop is at the lens.  Answer the following: 
(a) What is the entrance pupil diameter? 

Based on the F-number and the focal length 

𝑓𝑓 #⁄ =
𝑓𝑓
𝐷𝐷𝐸𝐸

⇒ 𝐷𝐷𝐸𝐸 =
80𝑚𝑚𝑚𝑚

4
= 20𝑚𝑚𝑚𝑚 

(b) Assuming the lens is planoconvex thin lens and has an index of 𝑛𝑛 = 1.517,  what are the radii R1 
and R2 of the lens? 
Planoconvex means one surface is flat and the other in curved.  Let’s choose  𝑅𝑅2 = ∞ as the flat 
surface.  The other radii R1 can be found as follows: 
 
The power of the lens is 𝜙𝜙 = 1 𝑓𝑓⁄ = 0.0125 𝑚𝑚𝑚𝑚−1. 
 
From the Lensmakers’ formula 

𝜙𝜙 = (𝑛𝑛 − 1) �
1
𝑅𝑅1

−
1
𝑅𝑅2
� 

0.0125 = (1.517− 1) �
1
𝑅𝑅1
� 

𝑅𝑅1 = 41.36  𝑚𝑚𝑚𝑚 
𝑅𝑅2 = ∞ 

(c) Based on the table of CCD sensors below, which sensor best matches (diagonal) the field of view 
of the lens? 
The height of the chief ray at the image plane is 

𝑦𝑦� = 𝑓𝑓𝑓𝑓𝑓𝑓𝑛𝑛(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 2⁄ ) = 5.594 𝑚𝑚𝑚𝑚 
This suggests that the diagonal of the sensor should be about double this value. A 2/3” sensor has 
a diagonal of 11 mm, which best matches the FFOV. 
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(d) For a wavelength of 𝜆𝜆 = 0.5876 𝜇𝜇𝑚𝑚, what is the Airy disk diameter? 

The Airy disk diameter is given by 
𝐷𝐷𝐷𝐷𝑓𝑓𝑚𝑚𝐷𝐷𝑓𝑓𝐷𝐷𝐷𝐷 = 2.44𝜆𝜆𝐹𝐹 #⁄ = 5.735 𝜇𝜇𝑚𝑚 

 
(e) Which sensor resolution best matches the optics of the objective:  640 x 480, 1024 x 768, or 1600 

x 1200? 
Based on the Airy disk diameter and the dimensions of the 2/3” sensor, the pixels should about 
the same size as the Airy disk 
 

8.8 𝑚𝑚𝑚𝑚
0.005735

×
6.6 𝑚𝑚𝑚𝑚

0.005735
= 1534 × 1151 

So the 1600 x 1200 resolution best matches the optics. 
 

2.  The figure below shows three points in the exit pupil of an optical system.  The exit pupil has a 
diameter of 4 mm.   
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(a) Based on the real coordinates for each point given in the table below, fill in the normalized 
coordinate values in the remainder of the table.  Recall that 𝜃𝜃 is the polar angle measured 
counterclockwise from the horizontal axis and 𝜓𝜓 is the polar angle measured clockwise from the 
vertical axis. 
 

 Real Cartesian Normalized Cartesian Normalized Polar 

Point 𝑥𝑥𝑝𝑝 𝑦𝑦𝑝𝑝 𝜌𝜌𝑥𝑥 𝜌𝜌𝑦𝑦 𝜌𝜌 𝜃𝜃 𝜓𝜓 

A 0 0 0 0 0 NA NA 

B 1 1 0.5 0.5 0.707 45° 45° 

C 0 2 0 1 1.0 90° 0° 

 
(b) The wavefront error for this system is 𝑊𝑊(𝜌𝜌,𝜓𝜓) = 𝑊𝑊131ℎ𝜌𝜌3𝑐𝑐𝑐𝑐𝑐𝑐𝜓𝜓 where 𝑊𝑊131 = 0.001 𝑚𝑚𝑚𝑚.  If 

the reference sphere radius is 𝑅𝑅 = 100 𝑚𝑚𝑚𝑚, derive the transverse ray errors 𝜀𝜀𝑥𝑥 and 𝜀𝜀𝑦𝑦. 
This wavefront error is just Seidel coma and from the notes, the transverse ray errors are given 
by 

𝜀𝜀𝑥𝑥(𝜌𝜌,𝜓𝜓) = −
𝑅𝑅𝑊𝑊131

𝐷𝐷𝑚𝑚𝑚𝑚𝑥𝑥
ℎ𝜌𝜌2𝑐𝑐𝐷𝐷𝑛𝑛2𝜓𝜓 = −0.05ℎ𝜌𝜌2𝑐𝑐𝐷𝐷𝑛𝑛2𝜓𝜓 

𝜀𝜀𝑦𝑦(𝜌𝜌,𝜓𝜓) = −
𝑅𝑅𝑊𝑊131

𝐷𝐷𝑚𝑚𝑚𝑚𝑥𝑥
ℎ𝜌𝜌2(2 + 𝑐𝑐𝑐𝑐𝑐𝑐2𝜓𝜓) = −0.05ℎ𝜌𝜌2(2 + 𝑐𝑐𝑐𝑐𝑐𝑐2𝜓𝜓) 

(c) For an object point at full field (ℎ = 1), where do the rays passing the points A, B, and C in the 
pupil, intersect the paraxial image plane relative to the ideal image point? 
 
For an object point at full field (ℎ = 1), the values of  𝜀𝜀𝑥𝑥 and 𝜀𝜀𝑦𝑦 are the deviations from ideal 
image point.  Based on the values in the table from part (a) and the results of part (b), the values 
of  𝜀𝜀𝑥𝑥 and 𝜀𝜀𝑦𝑦 are: 
 
Point A: (0 𝑚𝑚𝑚𝑚, 0 𝑚𝑚𝑚𝑚)  since 𝜌𝜌 = 0, which means this ray intersects the ideal image point. 
Point B: (−0.025 𝑚𝑚𝑚𝑚,−0.05 𝑚𝑚𝑚𝑚) 
Point C: (0 𝑚𝑚𝑚𝑚,−0.15𝑚𝑚𝑚𝑚 ) 
 

3. Sketch the lens specified in the ISO10110 drawing below.  Note, the lens is 3 mm thick, 
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