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Main laws of geometrical optics.

Main invariants of geometrical optics.

Optical phenomena at two media boundary. Reflection, refraction, total internal reflection (TIR).
Optical phenomena at two media boundary. Fresnel relations for normal and oblique light incidence.
Light and energy photometric quantities and their connection.

Main relations of ideal optical systems.

Linear, angular and longitudinal magnification. Cardinal points and distances.

Laws of signs in optics. Parameters of optical systems.

Matrix optics. Examples of application.

. Ray beam constraints. Aperture and field diaphragms. Vignetting.

. Abbe’s relation. Real ray tracing through an optical surface. Conditions of ray tracing through a surface.
. Aberration descriptions (wave, transverse, longitudinal).

. Types of aberrations.

. Image structure characteristics. Diffraction image structure. Non-aberration Optical transfer function

(OTF), Point spread function (PSF).

Optical image formation scheme. Pupil function.

Aberration influence on the OTF and PSF. Strehl ratio. Marechal criterion.
Diffraction-limited and geometrical limited optical systems.

Modular transfer function (MTF). Optical image performance criteria. Rayleigh resolution. Foucault
resolution.

Main characteristics of optical systems. Diopter calculus basics.

Main types of optical systems from the point of view of image and object position and their characteristics.
Projection systems. Mains characteristics. Examples of applications.

Telescopic systems. Lens and mirror-lens telescopes. Main characteristics. Examples of applications.
Camera lens. Mains characteristics. Examples of applications.

Optical microscopes. Mains characteristics. Examples of applications.

ILlumination optical systems. Methods of illumination.

Plane-parallel plate. Image shift with a plane-parallel plate.

Optical mirrors.

Prisms. Reflecting prisms and their using in optical instruments.

Thin lens. Thick lens. Main properties.

Optical wedge. Refracting angle of an optical wedge.

Spherical surfaces and aspherics. Features and their application in optical systems.

Gradient and diffraction optic components. Special features and examples of application.

Fiber optic components. Special features and examples of application.

Optical fibers. Numerical aperture. Single-mode and multimode fibers.

Optical system of human eye. Light adaptation and accommodation.

Optical system of human eye. Defects of vision and their compensation.

Light absorption.

Light polarization. Polarization conditions. Linear, circular, elliptic polarization. Examples of light
polarization.

Linear polarizers (general principles: dichroism, birefringence, reflection, scattering). Methods of
polarized light analysis.

Light interference. Interference conditions. The interference pattern equation. Types of interferometers.
Light diffraction. Diffraction conditions. Fresnel diffraction. Fraunhofer diffraction.
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Holography basics. Gabor’s equations. Types of holograms. Denisyuk hologram.
Electromagnetic spectrum. Optical range. Examples of optical devices working in various spectral ranges.
Light dispersion. Dispersion formula.

Optical medium parameters: refractive index (n), absorption (o), reflection (p), transmittance (t),
scattering (0). Bouguer-Lambert-Beer law.

Modern optical materials. Features and application.

Optical glass and its characteristics.

Anisotropic materials. Birefringence.

Optical coatings. Theory. Classification.

AR coatings.

Characteristics of performance of optical materials and their control.
Control of accuracy of optical surfaces - spherical and plane.
Photoemissive effect.

Photovoltaic effect.

Thermal radiation laws.

Temperature equivalents: total radiation temperature, brightness temperature and color temperature.
Lasers. Laser operation principle. Main elements of lasers.
Lasers. Classification of lasers. Laser beam structure.

LED operation principle.

Operation principle of a CCD.

Operation principle of a CMOS.

Principle of analog-to-digital conversion.

Digital representation of the image.

Two-dimensional discrete cosine transformation.

Basic principles of digital video compression.

Convolution.

Fourier transform.

Fourier series.

Random variable distribution laws and their properties.
Array operations, linear algebra relations.
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