
OPTI 435/535 Midterm     Due: 11:59pm November 7, 2021 
 
Do all four problems and upload to D2L. 
 
1.  You are tasked with designing a near visual acuity test where letters are displayed on the 
screen of an iPad and the user responds by saying which letter is present.  The letters should 
cover a LogMAR acuity ranging from −0.1 ≤ 𝑉𝑉𝑉𝑉 ≤ 1.0 in steps of 0.1 LogMAR.  The test is 
designed so that the iPad is held 18” from the observer. 
 

(a) What are the equivalent Snellen visual acuity steps need for this test? 
See the chart in part (c).  The LogMAR acuity 𝐿𝐿𝑉𝑉 is given by 
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where 𝑆𝑆 is the Snellen fraction. Solving this for 𝑆𝑆 gives 
 

𝑆𝑆 = 10−𝐿𝐿𝐿𝐿 
 
To get the denominator of the Snellen fraction, calculate 20/𝑆𝑆.  For example, 𝐿𝐿𝑉𝑉 = −0.1 
gives  

𝑆𝑆 = 10−(−0.1) = 1.259 
 
The denominator is 20 1.259⁄ = 15.89 ≅ 16, so the Snellen acuity is 20 16⁄ . 
 

 
(b) What are the angular subtense in arcmin for each of these letter sizes? 

See the chart in part (c).  The angular subtense for the 20/20 letter is 5 arcmin, and 
scales linearly with the inverse of the Snellen fraction. 
 

𝑉𝑉𝐴𝐴𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴 𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆 =
5𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝐴𝐴
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For example, the Snellen acuity 20 40⁄  gives 𝑆𝑆 = 0.5, and  
 

𝑉𝑉𝐴𝐴𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴 𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆 =
5𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝐴𝐴

0.5
= 10𝐴𝐴𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎𝐴𝐴. 

 
 

(c) What are the required sizes for each of these letters on the iPad screen? 
 
The size of the letter on the iPad is given by 18𝑆𝑆𝐴𝐴𝐴𝐴𝑡𝑡 in units of inches, and 𝑡𝑡 equal to 
angular subtense of the letter.  The table below provides the results for parts (a)-(c). 



 
 

(d) If the minimum letter needs to be 25 pixels high to properly display the character, what 
does the screen resolution need to be in units of pixels per inch (ppi)? 
 
To get the required resolution divide the number of pixels required by the size of the 
smallest letter. 

25 𝑝𝑝𝑎𝑎𝑝𝑝𝑆𝑆𝑙𝑙𝑆𝑆
0.021 𝑎𝑎𝐴𝐴

= 1190𝑝𝑝𝑝𝑝𝑎𝑎 
 

(e) For your answer to part (d), it this screen resolution feasible with modern iPad displays? 
 
A quick Google search shows that the resolution of an iPad screen in 264ppi, so the 
current device cannot meet the requirement.  In other words, the current resolution can 
only display the smallest character with 264𝑝𝑝𝑝𝑝𝑎𝑎 × 0.021" ≅ 5𝑝𝑝𝑎𝑎𝑝𝑝𝑆𝑆𝑙𝑙𝑆𝑆. 

 
2. The wavefront error for an eye is given by 𝑊𝑊(𝜌𝜌,𝑡𝑡) = 𝑊𝑊40𝜌𝜌4 + 𝑊𝑊31𝜌𝜌3𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡.  Expand this 

wavefront into an equivalent series of Zernike polynomials. 

The Zernike terms 𝑍𝑍40(𝜌𝜌, 𝑡𝑡) and 𝑍𝑍31(𝜌𝜌,𝑡𝑡) have terms dependent upon 𝜌𝜌4 and 𝜌𝜌3𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡, so they 
need to be included.  In addition, 𝑍𝑍20(𝜌𝜌,𝑡𝑡) and 𝑍𝑍00(𝜌𝜌,𝑡𝑡), will be needed to offset the 𝜌𝜌2 and 
constant terms in 𝑍𝑍40(𝜌𝜌,𝑡𝑡).   Similarly, 𝑍𝑍11(𝜌𝜌,𝑡𝑡) is needed to offset the 𝜌𝜌𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡 term in 
𝑍𝑍31(𝜌𝜌,𝑡𝑡).  So, 
 
𝑊𝑊(𝜌𝜌,𝑡𝑡) = 𝑊𝑊040𝜌𝜌4 + 𝑊𝑊131𝜌𝜌3𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡

= 𝐴𝐴00𝑍𝑍00(𝜌𝜌,𝑡𝑡) + 𝐴𝐴20𝑍𝑍20(𝜌𝜌,𝑡𝑡) + 𝐴𝐴40𝑍𝑍40(𝜌𝜌,𝑡𝑡) + 𝐴𝐴11𝑍𝑍11(𝜌𝜌, 𝑡𝑡) + 𝐴𝐴31𝑍𝑍31(𝜌𝜌,𝑡𝑡) 
 

𝑊𝑊040𝜌𝜌4 + 𝑊𝑊131𝜌𝜌3𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡
= 𝐴𝐴00 + 𝐴𝐴20√3(2𝜌𝜌2 − 1) + 𝐴𝐴40√5(6𝜌𝜌4 − 6𝜌𝜌2 + 1) + 𝐴𝐴112𝜌𝜌𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡
+ 𝐴𝐴31√8(3𝜌𝜌3 − 2𝜌𝜌)𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡 

 
Grouping like terms 
 

𝑊𝑊040𝜌𝜌4 + 𝑊𝑊131𝜌𝜌3𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡
= 𝐴𝐴00 − √3𝐴𝐴20 + √5𝐴𝐴40 + �2√3𝐴𝐴20 − 6√5𝐴𝐴40�𝜌𝜌2 + 6√5𝐴𝐴40𝜌𝜌4

+ �2𝐴𝐴11 − 2√8𝐴𝐴31�𝜌𝜌𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡 + 3√8𝐴𝐴31𝜌𝜌3𝑎𝑎𝑙𝑙𝑆𝑆𝑡𝑡 
This gives us a system of equations 



 
𝐴𝐴00 − √3𝐴𝐴20 + √5𝐴𝐴40 = 0 

 
2√3𝐴𝐴20 − 6√5𝐴𝐴40 = 0 

 
6√5𝐴𝐴40 = 𝑊𝑊040 

 
2𝐴𝐴11 − 2√8𝐴𝐴31 = 0 

 
3√8𝐴𝐴31 = 𝑊𝑊131 

 
Solving these gives 
 

𝐴𝐴31 =
𝑊𝑊131

3√8
 

 

𝐴𝐴40 =
𝑊𝑊040

6√5
 

 

𝐴𝐴11 = √8𝐴𝐴31 =
𝑊𝑊131

3
 

 

𝐴𝐴20 =
3√5
√3

𝐴𝐴40 =
𝑊𝑊040

2√3
 

 
 

𝐴𝐴00 = √3𝐴𝐴20 − √5𝐴𝐴40 =
𝑊𝑊040

2
−
𝑊𝑊040

6
=
𝑊𝑊040

3
 

 
3.  Measure the wavefront 𝑊𝑊(𝑝𝑝, 𝑦𝑦) = −0.002(𝑝𝑝2 − 𝑦𝑦2) with a Shack Hartmann sensor for a 4 
mm diameter pupil.  Suppose the lenslets of the array have a focal length of 24 mm and a spacing 
of 1 mm. 
 
     (a) What does the unaberrated Shack Hartmann pattern look like? 
 

See part (c). The unaberrated spots are formed directly behind each of the lenslets. With 
a 4mm diameter pupil and a spacing of 1mm between lenslets, only 13 spots are formed. 
 

     (b) What are the focal spot shifts ∆x and ∆y for each spot? 
 

The table below shows the coordinates of each of the lenslets, as well as the spot 
displacements calculated from 𝛥𝛥𝑝𝑝 = −𝑓𝑓 𝑑𝑑𝑊𝑊 𝑑𝑑𝑝𝑝⁄  and 𝛥𝛥𝑦𝑦 = −𝑓𝑓 𝑑𝑑𝑊𝑊 𝑑𝑑𝑦𝑦⁄ . 



  
 
     (c) What does the Shack Hartmann pattern look like for the wavefront? 
 
 The spots are expanded in the x-direction and compressed in the y-direction. 
 

 
 
4. For a lens with the prescription −5.00 /+5.00 × 30°, do the following: 

 
(a) Draw the principal meridia and label the powers along each of the principal meridia  



 
(b) Convert the prescription to minus cylinder form 

The new spherical power is the sum of the old sphere and cylinder powers, so 

−5.00𝐷𝐷 + 5.00𝐷𝐷 = 0𝐷𝐷. 

The new cylinder power is the negative of the old cylinder power, so −(+5.00𝐷𝐷) =

−5.00𝐷𝐷. 

Finally, the axis is rotated by 90°, so the new axis is 120°. The prescription in minus 

cylinder form is 0𝐷𝐷/−5.00𝐷𝐷 × 120°. 

(c) What type of lens is this? 

Negative cylinder lens since no spherical power in the design. 

 
 

 
 


