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Aberrations

3.1

Performance of an achromate

Load a classical achromate out of a vendor catalog with focal length f = 100 mm.
a) What is the numerical aperture of the system in the image side ? Is the system diffraction limited ?
b) Determine the longitudinal aberrations for the colors eF'C'. What is the largest spherical aberration
in the green ? What is the height of the corresponding ray in the pupil ? What is the largest difference
of the axial color aberration ?
c) Calculate the Seidel surface contributions of the system in the desired orientation and for the
reversed lens.
d) Determine the range of finite field angles, for which the original achromate is diffraction limited, if 
= 546 nm and a reduced aperture diameter of 15 mm is considered.
Solution:
a) Setup (Melles Griot, AAP-100.0 - 25.4)
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The numerical aperture is NA = 0.107. The system is diffraction limited for wavelength  > 608 nm
(rms vs wavelength, Strehl criterion, 9 rays, 100 wavelengths):

b) Take eF'C' as wavelengths and calculate the longitudinal aberration curves.

The largest spherical aberration in the green can be obtained by the text output and is s' = -0.0377
mm. this value corresponds to a relative pupil height of 0.76.
From the first row of the text output we get the maximum difference along the axis between blue and
red of 128.4 m.
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c) Seidel aberration bar chart for the original and the reversed system:

It is seen, that the the system is quite bad for the reversed lens. Therefore the catalog component
should be used only with incoming collimated light.
d) With the rms-menu vs. field size and the Strehl ratio criterion with more rays, we get the following
drawing after a quick focus for the axis point only:

It can be seen, that the diffraction limit is violated for field angles w > 1.1°.
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It can be seen, that the diffraction limit is violated for field angles w > 1.1°.

3.2

Aplanatic lens

Consider a collimated incoming beam with wavelength 500 nm and diameter 10 mm. This bundle
should be focussed by a perfect lens of focal length f = 50 mm.
a) Place an aplanatic-concentric lens shortly behind the ideal lens with the material SF57. What is the
resulting numerical aperture in the image space ? Show at least two different methods to find the best
image position.
b) Show that the spherical aberration of this setup is exactly zero for all orders.
c) Aplanatic means, that the linear coma vanishes and the imaging is free of coma for a small but
finite field size. Show this property by using a small field of 2° for the current system. What is the
largest present aberration ?
Solution:
The initail focussing lens is established as follows:

a) A lens with thickness 1 mm is placed 1 mm behid the lens. The first surface is made aplanatic by a
solve, the second surface is mad concentric by choosing the solve
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If a single ray trace is performed, we get the direction cosine of the marginal ray to be 0.1858.

The best image position can be obtained by
1. Quick focus option
2. Solve at the last surface with marginal ray height 0
3. Pick up on the last (concentric) surface radius
4. Optimizing the last thickness as a variable with minimal spot size
b) If the Zernike polynomials are calculated, they are exactly zero for all orders.
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c) If a field of 2° is introduced and the Zernike coefficients are calculated for the field point in the
image and behind the 4th surface (the aplanatic), we get the following picture:
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In the image, defocus (which is here in field the field curvature) and astigmatism are the dominating
aberrations. Directly behind the aplanatic surface, only defocus has a considerable amount. This
shows, that the concentric surface limits the system performance by astigmatism and field curvature.
The change in the coma of the aplanatic surface is extremly small.

3.3

Transverse aberration curve

Establish a system with an ideal lens of focal length f = 100. mm, a wavelength of 600 nm and a
collimated input bundle of diameter 10 mm.
a) Define the slider option with the image distance as a variable. Open the transverse aberration chart
with a fixed scale of 100 m. What happens with the aberration curve, if the slider is moved ?
b) Now introduce a thin glass plate in front of the perfect lens and define one side as a Zernike
surface with coma as type (c8) of one wavelength. What is now the result for the moving slider ?
Explain the result, if c7 is taken instead of c8.
c) If now spherical aberration is introduced by the plate in selecting c9, what is seen for the defocus ?
Open also a spot diagram with fixed scale. Determine the best image plane for an overall small spot
diameter ?
Solution:
Setup of the initial system:

a) The slider option is used in the following setting:

As a result, the transverse aberration curve is tilted corresponding to the interpretation of the
transverse aberrations in the case of defocussing.
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b) The system looks as follows:

For a defocussing by the slider,

a strong parabolic shape due to the coma in the meridional plane is seen, which is tilted by the
defocus.
If c7 is chosen the orintation of the coma is rotated and the parabola switches from the meridional to
the sagittal plane.
c) For spherical aberration a cubic curve is superposed on the linear change. If the scale of the
aberration curve is fixed to 300 m, the best image plane is estimated to be at 101.44 mm. For this
value, the residual zonal deviation has approximately the same size at the edge error.
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3.4

Aspherical lens

Load the catalof lens A20-18HPX form Asphericon.
a) What is the residual correction in wave aberrations and in spot size ?
b) Show, that the asphere is sensitive for finite field sizes by introducing a field with angle 0.1°. What
is the dominating type of aberration ?
c) What is the highest order of the chosen Taylor expansion ? Calculate the performance on axis , if
the three highest expansion coefficients are set to zero. Is the system still diffraction limited ?
Solution:
The lens is established as follows:

a) The Zernike coefficients are zero in the available accuracy. The plots of the residual transverse
aberrations shows a maximum value of 1 nm.
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b) For the desired field, the spot shows coma in the range of the diffraction limit.

The Zernike expansion is domated by coma.
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c) If the 10th to the 14th order coefficients are set to zero the following data are obtained:

With a Strehl niumber of 89% per definition the system is diffraction limited.

