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Nuclear and Particle Physics
S Y L L A B U S

Course: 

Optics


Lecturer: prof. Miroslav Vergilov Abrashev
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	60

	
	Seminars
	15

	
	Practical exercises (school internships)
	

	Total in-class work
	75

	Out-of-class work
	Individual work in a library or with resources 
	30

	
	Problems solving
	30

	
	Self-training for the tests to the lectures
	10

	
	Consultations with lecturer
	5

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	75

	TOTAL ACADEMIC WORK
	150

	ECTS credits in-class work
	2,5

	ECTS credits out-of-class work
	2,5

	TOTAL ECTS CREDITS
	5,0

	№
	Grade components

	% of the grade

	1. 
	Tests
	30%

	2. 
	Final exam
	70%

	Outline of the course:

	The course “Optics” is the fourth part of the course in General Physics. It is a natural continuation of the course “Electricity and magnetism” (especially the topics concerning the electromagnetic waves). It also prepares the students for the next courses “Quantum physics” and “Interaction of the light with the matter”. The course is based on the knowledge of the students, acquired in other courses as “Mechanics”, “Thermodynamics and molecular physics”, and “Mathematical methods in physics”.

 The content of the course includes the most important topics of the basic education in General physics, namely: geometrical optics and devices, propagation of the light in different media (depending on their electrical properties and symmetry); phenomena on the interface between two media; phenomena, concerning the wave nature of the light: interference and diffraction; devices, working using these phenomena; basics of spectral analysis; light devices and detectors as well an introduction to the basic quantum properties of the light, necessary for understanding of some optical phenomena as thermal radiation, photoelectric effect, radiation and absorption by real objects, lasers. In a separate chapter some basics of nonlinear optics are presented. The nonlinear polarization of a medium, nonlinear parametric effects and nonlinear correction of the refraction index are discussed. Seminars deepen and illustrate with appropriate problems the lectures. Demonstrations of the discussed phenomena are also included in the syllabus.


	Preliminary requirements:

	The course requires knowledge of mechanics, basic special relativity, thermodynamics and molecular physics as well vector calculus and simple differential equations.


	Key competences acquired:

	In the presentation of the material simple and adequate models of optical phenomena are used. These models allow for the derivation of basic physical laws, the understanding of the essence of optical phenomena, the exposition of the principles behind some experimental methods. Therefore, the course is phenomenological and inductive and leads to the general laws in classical, wave, quantum and nonlinear optics.

The knowledge of the material covered in the course is necessary for the understanding of nuclear physics, electrodynamics and astrophysics.


Lectures plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	60

	1
	Basic properties of the light.
The light – rays, waves and photons. Optical range. Topics in optics. Devices and detectors of light. Photometry.   Radiometric and photometric quantities and dependences between them. Photometric measurements. Photometers.  
	2(1)

	2
	Geometrical Optics.

Laws of the geometrical optics. Fermat’s principle.  Deduction of the laws of reflection and refraction in the approximation of the geometrical optics. Total internal reflection. Optical waveguides. Optical systems. Sign rules.    Light refraction through a spherical surface. Thin and thick lens. Lagrange-Helmholtz invariant. Combination of two optical systems. Optical power. Optical devices and aberrations.
	6(2)

	3
	Propagation of electromagnetic wave in homogeneous, isotropic and non-conducting medium.

Properties of the electromagnetic (em) wave.   Propagation of em wave in a homogeneous, isotropic, non-conducting and non-dispersive medium. Intensity of the light. Harmonic wave. Polarization of the light. Standing waves. 
	4(1)

	4.
	Refraction of the light on the interface between two dielectric media. 

Fresnel’s formulae for the amplitude reflection and refraction coefficients on the interface between two dielectric media.  Brewster angle. Fresnel’s formulae for the energetic reflection and refraction coefficients on the interface between two dielectric media. Reflection at normal incidence.
	4(1)

	5.
	Nature of the phenomenon. Interference of monochromatic em waves. 

Interference from two coherent sources. Interference of real light sources. Temporal and spatial coherence. Methods and examples for observation of Fresnel- and Newton-type interference from real sources. Two-ray interferometers. Interferometers of Rayleigh, Jamin and Michelson. Interference of finite number of sources. Eyrie formulae. Fabry–Pérot interferometer. Interference filters. Anti-reflective coatings.      
	7(2)

	6.
	Diffraction of the light.

Fresnel and Fraunhofer type of diffraction. Huygens-Fresnel Principle. Fresnel zones. Fresnel diffraction from simple objects: round hole, disc, linear edge. Fraunhofer diffraction from slit. Diffraction grating, types of gratings. Spectral devices, resolution, spectroscopy and spectra. Diffraction from 3D-structures. Basics if holography.
	7(1)

	7.
	Optics of moving media. 

Measurements of the velocity of the light. Phase and group velocity. Cherenkov effect.
	3(1)

	8.
	Propagation of light in isotropic absorbing medium.  
Propagation of em waves in conducting media. Optical constants. Dispersion of the light. Classical electron theory of light dispersion in gases. Dispersion in metals.
	6(1)

	9.
	Propagation of the light in optically non-homogeneous medium. 

Light scattering. Laws of Tyndall and Rayleigh. Molecular scattering. Quantitative theory of Einstein. Cross-section of the scattering. Raman scattering of the light. 
	3(1)

	10.
	Propagation of the light in anisotropic medium.

Double refraction (birefringence).  Huygens theory.  Propagation of the light through a crystalline anisotropic plate. Chromatic polarization. Polarization prisms and polaroid.   (/2 and (/4 plates. Compensators. Optical activity.  Induced anisotropy – photoelasticity, Kerr effect, Pockels effect, etc. 
	6(1)

	11.
	Quantum optics. 
Thermal radiation. Laws of Kirchhof, Stefan-Boltzmann, Wien, and Rayleigh–Jeans. Planck formula. Photoelectric phenomena: external and internal photoelectric effect.  Photoelectric detectors of light. Spontaneous and induced optical transitions. Einstein coefficients. Propagation of radiation through medium. Quantum light amplification. Necessary conditions for light amplification. Lasers. Principles of work. Types of lasers.
	7(2)

	12.
	Nonlinear optics. 
Nonlinear polarization of a medium. Nonlinear parametric effects. Nonlinear correction of the refraction index.  
	5(1)

	
	Seminars
	15

	
	The covered topics and their duration in hours are given in brackets in the Lectures list
	


	Topics Covered on the Final Exam

№
	Topic

	1
	Topics of optics. Optical range. Geometrical and physical optics. Evolution of the thoughts for the nature of the light – corpuscular, wave, electromagnetic and quantum theory. Sources and detectors of light.

	2
	Photometry. Radiometric and photometric quantities and dependences between them. Units. Photometric measurements. Photometer of Richi and Lummer-Brodhun. Integrating photometer of Ulbricht.

	3
	Basic terms in geometrical optics. Fermat’s principle.  Deduction of the laws of reflection and refraction (Snell’s laws) in the approximation of the geometrical optics. Total internal reflection. Optical waveguides. 

	4.
	Light refraction through a spherical surface. Zero invariant of Abbe. Optical power and focal lengths. Newton equation.  

	5.
	Lagrange-Helmholtz invariant. 

	6.
	Optical system. Focal and principal planes. Construction of an image. 

	7.
	Spherical lens. Lens formula. Focal lengths and optical power of a thin lens. Construction of an image.   

	8.
	Aberrations of optical systems. Spherical aberration. Coma. Astigmatism. Distortion. Chromatic aberration. 

	9.
	The human eye as an optical system. Visual optical instruments. Magnifying glass, microscope, telescope. 

	10.
	Electromagnetic theory of the light. Harmonic wave. Traveling wave. Phase and group velocity. Standing wave.

	11.
	Intensity of the light. Polarization of the electromagnetic waves. Malus’s law. 

	12.
	Refraction of the light on the interface between two dielectric media. Fresnel’s formulae for amplitude reflection and refraction coefficients of the light on the interface between two dielectric media. Brewster angle.

	13. 
	Fresnel’s formulae for the energetic reflection and refraction coefficients on the interface between two dielectric media. Reflection at normal incidence.

	14. 
	Interference of the light. Young's interference experiment. Conditions for a maximum or minimum of the light intensity. Influence of the non-monochromaticity on the interference picture. 

	15.
	Coherence of the light waves. Conditions for coherence. Spatial and temporal coherence.

	16.
	Two-ray interference obtained by dividing the wave front. Fresnel’s mirrors. Bi-prism of Fresnel. Lloyd mirror. Bi-lens of Billet. 

	17.
	Two-ray interference obtained by dividing the amplitude of the wave. Light interference at reflection and refraction from thin plate and from glass and air wedge. Interference lines at equal angle and equal thickness. Newton rings.  

	18.
	Applications of the two ray interference. Dielectric interference layers – increase of the reflection or transmission coefficient. Two-ray interferometers.

	19.
	Interference of finite rays. Eyrie formulae. The effect of the number of the rays and reflection coefficient on the quality of the interference picture. Interferometers of Lummer–Gehrcke and Fabry–Pérot. Spectral resolution and dispersion range.   

	20.
	Diffraction of light. Huygens-Fresnel Principle. Fresnel and Fraunhofer type of diffraction. Fresnel zones. Fresnel’s diffraction from round hole and non-transparent disc. Amplitude and phase zone lattices. 

	21.
	Fraunhofer diffraction from infinite slit. Analysis if the diffraction pattern.  Fraunhofer diffraction from rectangular and round hole.

	22.
	Linear diffraction grating. Distribution of the light intensity. Dispersion and spectral resolution of the grating.

	23.
	Physical bases of the holography. Recording and reconstruction of the wave front.

	24.
	Optics of moving media. Measurements of the velocity of the light. Phase and group velocity. Cherenkov effect.

	25. 
	Propagation of electromagnetic waves in conducting media. Optical constants. Dispersion of the light. 

	26.
	Classical electron theory of light dispersion in gases. Dispersion in metals.

	27.
	Light scattering. Laws of Tyndall and Rayleigh. Molecular scattering. Quantitative theory of Einstein. 

	29.
	Cross-section of the scattering. Raman scattering of the light.

	29.
	Polarization of the light at its propagation through anisotropic dielectric media. Ordinary and extraordinary ray in uniaxial crystals. Huygens theory. Polarization devices.

	30.
	Interference of polarized light. Propagation of polarized light through a crystalline plate. Crystalline plate between two nicols.

	31.
	Induced anisotropy. Anisotropy at deformation. Anisotropy in electric field – Kerr effect. Anisotropy in magnetic field. Pockels effect. 

	32.
	Rotation of the polarization plane. Optically active substances. Rotation of the polarization plane in magnetic field. Faradey effect. 

	33.
	Thermal radiation. Laws of Kirchhof, Stefan-Boltzmann, Wien, and Rayleigh–Jeans. Planck formula. Photoelectric phenomena: external and internal photoelectric effect.  Photoelectric detectors of light. 

	34.
	Spontaneous and induced optical transitions. Einstein coefficients. Propagation of radiation through medium. Quantum light amplification. Necessary conditions for light amplification. Lasers. Principles of work. Types of lasers.

	35.
	Nonlinear polarization of a medium. Nonlinear parametric effects. Nonlinear correction of the refraction index.  
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 
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