1. Gauge principle in electrodynamics.
2. Scalar and vector fields.
3. Interaction of fields with external sources.
4. Interacting fields. Gauge-invariant interaction in scalar electrodynamics.
5. Noether’s theorem.

6. Groups.  Lie groups and algebras.
7. Representations of Lie groups and Lie algebras. Compact Lie groups and algebras.
8. Non-Abelian global symmetries.
9. Non-Abelian gauge invariance and gauge fields: the group SU(2).
10. Non-Abelian gauge invariance and gauge fields: generalization to other groups.
11. Field equations.
12. Cauchy problem and gauge conditions.

13. Spontaneous breaking of discrete symmetry.
14. Spontaneous breaking of global U(1) symmetry. Nambu–Goldstone bosons.
15. Partial symmetry breaking: the SO(3)model.
16. General case. Goldstone’s theorem.
17. Higgs mechanism. Example of an Abelian model.
18. Higgs mechanism. Non-Abelian case: model with complete breaking of SU(2) symmetry.
19. Example of partial breaking of gauge symmetry: bosonic sector of standard electroweak theory.
20. Kink. Scale transformations and theorems on the absence of solitons.
21. The vortex.
22. Soliton in a model of n-field in (2 + 1)-dimensional space–time.
23. The fundamental group.
24. Fiber bundles and homotopy groups.
25. Magnetic monopoles. The soliton in a model with gauge group SU(2).
26. Magnetic charge. Dyons.
27. The limit mH/mV → 0.
28. Non-topological solitons.
29. Tunneling and Euclidean classical solutions in quantum mechanics.
30. Tunneling in potentials with classical degeneracy.
31. Decay of a false vacuum in scalar field theory.
32. Decay probability: Euclidean bubble (bounce).
33. Euclidean gauge theories.
34. Instantons in Yang–Mills theory.
35. Classical vacua and θ-vacua.
36. Sphalerons in four-dimensional models with the Higgs mechanism.
37. Fermions in background fields.
38. Fermionic sector of the Standard Model.

39. Charge fractionalization.
40. Level crossing and non-conservation of fermion quantum numbers.
41. Fermions in a monopole background field: integer angular momentum and fermion number fractionalization.
42. Scattering of fermions off a monopole: non-conservation of fermion numbers.
43. Zero modes in a background field of a vortex: superconducting strings.
44. Level crossing and Euclidean fermion zero modes.
45. Fermion zero mode in an instanton field.
46. Selection rules.
47. Electroweak non-conservation of baryon and lepton numbers at high temperatures.

48. Decay of the false vacuum in the functional integral formalism.
49. Instanton contributions to the fermion Green’s functions.
50. Instantons in theories with the Higgs mechanism. Integration along valleys.
