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k IFOCAD is a developing software, constantly adopting to new 

needs and challenges. Even though it can already be used for de-
signing and analizing various interferometers, it is still getting im-
proved in terms of accuracy, usability and �exibility. Almost every 
new simulation task suggests an idea for new feature or algorithm 
and encourages to continue updating the software.
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s ► IFOCAD documentation

► J. A. Arnaud, H. Kogelnik: Gaussian Light Beams with General Astigmatism
► G. A. Massey and A. E. Siegman: Re�ection and Refraction of Gaussian Light Beams at Tilted 

Ellipsoidal Surfaces
► S. Bellavia, M. Macconi, B. Morini: STRSCNE: A Scaled Trust-Region Solver for Constrained 

Nonlinear Equations
► G. Wanner: Complex Optical Systems in Space: Numerical Modelling of the Heterodyne 

Interferometry of LISA Path�nder and LISA

Non-normal incidence at the 
curved surface causes astigmatism. 
Simple astigmatic model is applicable 
under the following assumptions:
► the beam diameter is always small 

compared with both the radius of 
curvature of the optical wavefronts 
and the radius of curvature of the 
optical surface,

► for any ellipsoidal surface one of 
the principle axes must lie in the 
plane of incidence (correction: for 
simple astigmatic (elliptical) beam 
one of its principle planes should 
be the plane of incidence).

In this case q-parameters of the beam 
in tangential and sagittal plane are 
computed separately.
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► In-house software designed by the Space Interferometry Depart-
ment in Albert Einstein Institute, Hannover

► Library of functions in C or C++, providing functionality to simu-
late and optimize laser interferometers

► C library works with circular and higher order gaussian beams
► C++ library works with circular, simple and general astigmatic 

gaussian beams, and also includes automatic ray-tracer and 3D-
viewer

► Both libraries compute heterodyne signals and include optimiz-
ing algorithms

► C++ is a work in progressW
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Heterodyne signals can be com-
puted in IFOCAD in the same way as 
they are measured in experiments 
using phasemeters. Main signals are:
► LPS (longitudinal pathlength 

signal) - distance measurement,
► DWS (di�erential wavefront sens-

ing) - measures the angle between 
two interfering beams,

► DPS (di�erential power sensing) - 
shows how good beam is centered 
on the photodiode,

► contrast, heterodyne e�ciency.
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Simulation Optimization

Sh
ift

-o
ut The shift-out algorithm is designed to auto-

matically position a component such that it 
doesn’t intersect with other components or 
beams in a setup. To achive this component 
will be shifted along a given vector until there 
is no unwanted intersections.

The beam coming from distant sat-
telite has a large radius and therefore 
is clipped, so it has a top-hat shape 
rather than a Gaussian when it comes 
to the optical setup. To approximate 
such beams, higher order Hermite 
modes can be used. Implementing 
such beams is a work in progress.

H
ig

he
r O

rd
er

 M
od

es

This model represents the most 
general case of the 1st order Gaussian 
beams and can be used for arbitrary 
beam transformations. General astig-
matic beams have the following fea-
tures:
► constant intensity ellipse and con-

stant phase ellipse (or hyperbola) 
oriented at an oblique angle with 
respect to each other,

► orientation of ellipses changes 
along the path of propagation.

Such beam can be described by two 
q-parameters and a complex angle.
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s IFOCAD includes nonlinear equation solvers 

and minimizers to optimize interferometers to 
given constraints. On the example below an 
automatically aligned interferometer is further-
more automatically ajusted such that ghost 
beams don’t impinge on photodiodes. 
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IFOCAD C++ contains Open 
GL - based 3D viewer that can 
be used to vizualize arbitrary 
3D optical setup. Another im-
portant feature is an automatic 
ray-tracer that allows to com-
pute re�ected and transmitted 
beams automatically.

On the picture 6DoF-
Interferometer for Grace 
Follow-on mission is shown.
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