
Syllabus 

1. Course Description 

   1. Title of a Course  

Mathematical methods of science. 

Burman Y.M. 

 

   2. Pre-requisites  

      At least 3 terms of calculus (including multivariariate calculus), linear algebra. 

 

   3. Course Type (compulsory, elective, optional) 

      Compulsory course for 1st year master students. 

 

   4. Abstract 

      The course deals with basic notions of differential geometry filling the gap between calculus 

(up to implicit function theorem) and more advanced differential-geometric topics (Riemannian 

metric, symplectic forms, etc.). We start from the concept of a smooth manifold, and then study  

objects inherently connected with it (vector fields, differential forms and more). We also develop 

technique (vector bundles, partition of unity and so on) allowing students to work with smooth 

manifolds, both using coordinates and in a coordinate-free setting. 

 

1. Learning Objectives  

      To bring together and to shape systematically the basic notions of differential geometry. 

 

2. Learning Outcomes  

Students are ready to study more advanced courses including Differential geometry, 

Morse theory, Differential (and some chapters of algebraic) topology and probably some more. 

 

3. Course Plan 

      Items marked * are more advanced topics to be studied if time permits. 

 

      1. Smooth manifolds.  

         Smooth manifolds, smooth maps, induced topology. 

 



      2. Vector bundles.  

         Vector bundles. Operations over vector bundles (direct sum, tensor product). Tangent 

bundles. Derivative of a smooth map. 

 

      3. Vector fields.  

         Group of diffeomorphisms. Lie algebra of vector fields. Lie derivative. 

 

      4. Transversality. 

         Paracompactness. Partition of unity. *Thom's transversality theorem.  *Existence of Morse 

functions. 

 

      5. Differential forms.  

          

         Superalgebra of differential forms. Exterior derivative, d2=0.  

         Cartan's formula. 

 

      6. *Frobenius' theorem.  

 

         Frobenius' theorem. Almost complex structure. Contact structure. 

 

      7. Integration of differential forms.  

 

         Integral of a differential form. Stokes' theorem. 

 

4. Reading List 

   1. Required 

 

      1. Raoul Bott, Loring W. Tu, Differential Forms in Algebraic Topology,  

         Springer, NY, 1982. 

      2. Michael Spivak, Calculus on Manifolds, Addison-Wesley, 24th printing,  

         1995. 



 

   2. Optional 

 

      1. Raghavan Narasimhan, Lectures on Topics in Analysis, Tata Institute  

         of Fundamental Research, Bombay, 1965 

 

1. Grading System  

 

      Standard (grade 4 to 10 for pass).  

 

2. Guidelines for Knowledge Assessment 

 

      The teacher should make sure that the student  

 

      1) is able to represent basic objects of the course (vector fields, differential forms, and more) 

in coordinates and to pass from one coordinate system to another, 

      2) understands the categorical structure lying behind the basic notions (what is 

pushforward/pullback, etc.) 

      3) memorizes the plan of proofs of the principal theorems of the course, including Stokes' 

theorem. 

 

3. Methods of Instruction 

 

      Lectures; problem solving sessions (in class, under instructor's  supervision); homework 

(voluntary, but solutions are checked by instructor and good performance may influence the 

grade positively).  

 

4. Special Equipment and Software Support (if required) 

 

      No. 


