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Lagrange Equations in Classical Mechanics
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Conservation Laws in Classical Mechanics:
Energy and Momentum Conservation
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Conservation Laws in Classical Mechanics
Angular Momentum Conservation
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Introduction to Covariant Notation
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Maxwell’s Equation in covariant notation
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Action and Lagrangian in Field Theory
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The Lagrange Equations in Field Theory



Costas Foudas; Imperial College

The Vector Field Lagrangian
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The Spin 1/2 Lagrangian and the Dirac Equation
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The Dirac Equation
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Symmetries and Conservation Laws
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The Energy Momentum Tensor
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Internal Symmetries of the Lagrangian
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Enough for today……..
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Expanding the scalar field in terms of 
creation and annihilation operators
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The Quantization of the Scalar Field I
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The Quantization of the Scalar Field II
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The Hamiltonian of the Scalar Field
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The Hamiltonian with Creation and   
annihilation operators
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Summary: Quantum Field Theory

Common to 
Classical and 

Quantum Field 
Theories

?
?
?

Commutation
relations result to 
Quantum Field 

Theories
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From Free to Interacting Fields: From Free to Interacting Fields: 
SS--MatrixMatrix
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The Time Ordered ProductThe Time Ordered Product
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SummarySummary
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Wick’s TheoremWick’s Theorem
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SummarySummary
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ExamplesExamples
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Perturbation TheoryPerturbation Theory
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Interaction Interaction Lagrangian Lagrangian and and 
Disconnected DiagramsDisconnected Diagrams
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Order Order ?? Connected DiagramConnected Diagram
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Result and Higher Order TermsResult and Higher Order Terms
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Global and Local Global and Local Abelian  Abelian  SymmetriesSymmetries
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Local SymmetriesLocal Symmetries
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Summary and ConclusionsSummary and Conclusions
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Scalar Scalar Lagrangian Lagrangian with local U(1) Symmetrywith local U(1) Symmetry
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The Scalar QED Feynman DiagramsThe Scalar QED Feynman Diagrams
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ConclusionsConclusions
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NonNon--Abelian  Abelian  SymmetriesSymmetries
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Gauging  a NonGauging  a Non--Abelian Abelian TheoryTheory
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The The Lagranian Lagranian for a Nonfor a Non--AbelianAbelian Gauge FieldGauge Field
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NonNon--Abelian Abelian Gauge TransformationsGauge Transformations
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ExercisesExercises
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Spontaneously Broken SymmetriesSpontaneously Broken Symmetries
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The origin of massThe origin of mass
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Another Model with Spontaneously Broken SymmetryAnother Model with Spontaneously Broken Symmetry
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Continued……..Continued……..
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The Goldstone TheoremThe Goldstone Theorem
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The Goldstone Theorem IIThe Goldstone Theorem II
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ConclusionConclusion



Costas Foudas; Imperial College

Example:Example: The Complex Scalar The Complex Scalar LagrangianLagrangian
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Higgs MechanismHiggs Mechanism
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The Goldstone Bosons Disappear…The Goldstone Bosons Disappear…
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The Weinberg The Weinberg Salam Salam ModelModel
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The Weinberg The Weinberg Salam LagrangianSalam Lagrangian
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WS continued…WS continued…
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The WThe W?? , Z, Z00 and Hand H0 0 MassesMasses
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The Photon and ZThe Photon and Z00 FieldsFields
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WSWS--Model Predictions: Higgs SectorModel Predictions: Higgs Sector
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Introducing Leptons in the WS ModelIntroducing Leptons in the WS Model
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Charge ConservationCharge Conservation
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The Lepton couplings to WThe Lepton couplings to W??
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The The ?? and Zand Z?? couplings to Leptonscouplings to Leptons
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Predictions:Predictions:
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FermionFermion Masses in the WS modelMasses in the WS model
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Lepton MassesLepton Masses
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Quarks Masses (Very Brief)Quarks Masses (Very Brief)
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Running out of time…..Running out of time…..


