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Vectors and tensors
Lecturer: Prof. Stoytcho Yazadjiev

Assistant: Chief Assist Prof. Dr. Tsvetan Vetsov
	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	30

	
	Practical exercises (school internships)
	

	Total in-class work
	60

	Out-of-class work
	Course project
	30

	
	Independent work (work in Library, home preparation)
	60

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	90

	TOTAL ACADEMIC WORK
	150

	ECTS credits in-class work
	3

	ECTS credits out-of-class work
	2

	TOTAL ECTS CREDITS
	5

	№
	Grade components

	% of the grade

	1. 
	Practical exam (examination in practical skills)
	40

	2. 
	Final exam
	60

	3. 
	
	

	4. 
	
	

	Outline of the course:

	The basics of the vector and tensor algebra and analysis are considered. The course reflects the modern view of the vector and tensor calculus as a powerful tool to describe physical and geometrical objects. The students will acquire basic knowledge and computational skills which they will use in other courses and in their work as physicists.


	Preliminary requirements:

	Linear algebra,  Calculus of a function of several  real variables



	Key competences acquired:

	The students will acquire basic knowledge and computational skills which they will use in other courses and in their work as physicists.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	Vector spaces. Bases. Covariant and contravariant vectors. 
	2

	2
	Transformation of vectors and covectors under rotations. 
	2

	3
	Tensors. Algebra of tensors.
	2

	4.
	Contraction of Tensors. Symmetry properties of tensors.
	2

	5.
	Tensors in Euclidian spaces. Metric tensor.  Lowering and rising indexes.
	2

	6.
	Affine spaces. Curved coordinates.
	2

	7.
	Covariant derivative.
	2

	8.
	Differential operators of first and second order.
	2

	9.
	Curvilinear integral of first kind
	2

	10.
	Curvilinear integral of second kind 
	2

	11
	Surface integral  of first kind 
	2

	12
	Surface integral of second kind  
	2

	13
	Gauss theorem
	2

	14
	Stokes theorem
	2

	15
	Green theorem. Helmholtz theorem
	2

	
	Seminars/Practical exercises
	

	1
	Scalars and Vectors. Euclidian space. Orthonormal bases. Cartesian coordinate system. Addition of vectors. Multiplication by a scalar. Norm of a vector. Unit vectors.
	2

	2
	Scalar or dot product. Properties of Kronecker delta. Orthogonality. Dot product over the field of complex numbers.
	3

	3
	Vector or cross product. Levi-Civita symbol. Triple scalar product and triple vector product.
	3

	4.
	Tensors. Rank of a tensor. Determinant and trace operators. Symmetric and antisymmetric tensors. 
	2

	5.
	Transformation properties of scalars, vectors and tensors. Orthogonal matrices and directional cosines. Euler angles and rotation matrices. Reflection matrices.
	3

	6.
	Eigenvectors and eigenvalues. Diagonalization of tensors. Algebraic invariants of a tensor. Cayley–Hamilton theorem. Tensor functions.
	3

	7.
	Tensor products. Associative laws.
	3

	8.
	The gradient operator in Cartesian coordinates. Divergence and Curl. Laplacian.
	4

	9.
	Vector differential operators in curvilinear coordinates. Line, area and volume elements. Dirac delta function.
	3

	10
	Curvilinear and surface integrals of first and second kind. Gauss theorem. Stokes theorem. Applications.
	4


Topics Covered on the Final Exam

	№
	Topic

	1
	Vector spaces. Vector spaces. Bases. Covariant and contravariant vectors. Transformation of vectors and covectors under rotations.

	2
	Transformation of vectors and covectors under rotations. 

	3
	Tensors. Algebra of tensors.

	4.
	Contraction of Tensors. Symmetry properties of tensors.

	5.
	Tensors in Euclidian spaces. Metric tensor.  Lowering and rising indexes.

	6.
	Affine spaces. Curved coordinates.

	7.
	Covariant derivative.

	8.
	Differential operators of first and second order.

	9.
	Curvilinear integral of first kind.

	10.
	Curvilinear integral of second kind. 

	11.
	Surface integral of first kind.

	12.
	Surface integral of second kind.  

	13. 
	Gauss theorem.

	14. 
	Stokes theorem.

	15.
	Green theorem. Helmholtz theorem.

	16.
	

	17.
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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. 






