
Exam 2017-02-18, Optical Design

Exam SK2330 Optical Design 2017-02-18 9-14 FB51
No devices that allow for communication with the outside world, or that would permit
installation of commercial optical design software, are permitted (i.e., no phones, com-
puters or anything in between). Any other material such as books, notes, and calculators
may be used.

Solutions should be well outlined and explained, and figures used when needed. Answers
without explanations give 0p, even if correct.

Grading limits: 0-10p F, 10p or over Fx, 12p or over D, 15p or over C, 19p or over B,
22–24p A

1. A lens has an exit pupil radius of 20 mm and the paraxial image plane, in air, is
75 mm from the exit pupil. The wavefront aberration plots of the lens are given
below, where (x, y) are normalized pupil coordinates and (0, η) normalized image
coordinates. No higher-order aberrations are present.
a) Explain which aberrations are present in this system, and which are not. Motivate
your answer! (2p)
b) Plot the corresponding ray aberration curves. The axes must be graded. (2p)
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2. Appended after the exam are three through-focus spot diagrams. All three are for
the same system. The system is in air, has a focal length of 97 mm, an aperture
diameter of 20 mm, and may be regarded as a thin lens. The object is at infinity.
There is no tilt, and the amount of defocus is given in the diagrams.
a) Estimate the wavefront aberration coefficients for spherical aberration and field
curvature. (4p)
b) What other third-order or chromatic aberrations can you observe in the diagrams?
Motivate your answer. (2p)

1



Exam 2017-02-18, Optical Design

3. A thin lens is made out glass with refractive index 1.517 at the wavelength of a
certain laser. The laser is first focused using a microscope objective, and the lens
is then used to image this on-axis point. The object distance is -200 mm and the
image distance is 400 mm. Find the radii of curvature of the lens that will minimize
the relevant aberrations. (4p)

4. In microscopy, if the object plane lies inside the sample, aberrations may be intro-
duced by the sample itself. The contributions to the Seidel aberration coefficients
introduced by the sample surface are

SI = −du4n
(
n2 − 1

)
(1)

SII = −dūu3n
(
n2 − 1

)
(2)

SIII = −dū2u2n
(
n2 − 1

)
(3)

SVI = 0 (4)
SV = −dū3un

(
n2 − 1

)
(5)

where n is the refractive index of the object, u the marginal ray angle at the object
plane, ū the principal ray angle at the object plane, and d the distance between the
object plane and the sample surface. The sample surface is flat and the microscope
is dry (that is, no immersion medium) and has a numerical aperture of 0.65. The
sample is made out of water, and the imaged point is located 100µm inside the
sample.
a) Which aberration will dominate, for a point located at a principal ray angle of
5◦? (3p)
b) Provided the microscope is diffraction limited and properly focused, will the
sample-induced aberration reduce the resolution of the microscope? (3p)

5. The photo on the next page was captured using a cellphone camera. The camera has
a focal length of 4.5 mm and an F-number of 3. The number of line pairs per mm
in the object is given in the figure. The object was 0.50 m away from the camera
when the image was captured. Was the camera diffraction limited?
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1.3 lp/mm
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