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Overview
Design of optical systems and components is increasingly relevant in photonics industry, as well as academic research. Design aspects not only include optimal performance, but also cost-effectiveness and practicality, all of which are concepts an optical designer should consider. To this end, the designer needs solid understanding of fundamental geometrical optics, image formation, and aberrations. This course addresses this by introducing basic first order optics and finite ray tracing in lens and optical system design. Further, optical aberrations (chromatic and third-order) are introduced and their effect on image formation, as well as their minimization are discussed. Additionally, fundamentals of optical materials are considered, and physical theory of focusing light is examined.
As a basis, the course includes lectures and homework problems. Moreover, demonstrations of practical problems are given to help illustrate the theoretical aspects in the course.
Learning outcomes
On successful completion of this course, students
· Know the fundamentals of geometrical optics, various optical systems, and their design.
· Are capable to use first-order (Gaussian) optics and understand the basics of finite ray tracing, which form the foundation for the use of optical design software.
· Understand the basics of aberrations (chromatic and third-order) and their minimization.
· Have knowledge on basics of wave-optical image formation.
· Know the principles of photography.
Content
· (topic 1) Fundamental optics and optical systems
· (topic 2) Geometrical ray-tracing
· (topic 3) First-order optics
· (topic 4) Optical materials
· (topic 5) Aberrations of optical systems
· (topic 6) Photography
· (topic 7) Fields in focal regions
Teaching methods
· Lectures and demonstrations: 40 hours
· Homework
Study materials	
· Lecture notebook
· Lecture slides
· Demonstrations and homework problems
Assumed Knowledge
· Basic calculus, matrix algebra, basic differential calculus, special functions.
· Entry-level experience with numerical calculation software (e.g., Matlab, Python).
· Previous knowledge of fundamental optics is helpful.
Evaluation criteria
· Written exam 100%
· Homework (not mandatory, grants bonus for exam as specified by the lecturer)

