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M.SC. PHYSICS �± I YEAR 

DKP11 : CLASSICAL AND STATISTICAL MECHANICS  

SYLLABUS  

 

Unit 1: Lagrangian and Hamiltonian formulations 

�+�D�P�L�O�W�R�Q�¶�V�� �S�U�L�Q�F�L�S�O�H��- �'�H�U�L�Y�D�W�L�R�Q�� �R�I�� �/�D�J�U�D�Q�J�H�¶�V�� �H�T�X�D�W�L�R�Q�V�� �I�U�R�P�� �+�D�P�L�O�W�R�Q�¶�V�� �S�U�L�Q�F�L�S�O�H��- 

Principle  of Least Action and its applications, Canonical Transformation : The Hamiltonian 

Formalism, Canonical formalism, Hamiltonian equations of motion, Cyclic coordinates, 

Rauthian  procedure and equations, Derivation of Generating functions, examples, properties, 

Derivation of  Hamiltonian equations from variational principle.    

 

Unit 2: Poisson bracket and theory of small oscillations 

Poisson bracket, Special cases of Poisson bracket , Poisson theorem, Poisson bracket and 

canonical transformation, Jacobi identity and its derivation, Lagrange bracket and its 

properties, the relationship between Poisson and Lagrange brackets and its derivation, the 

angular momenta and �3�R�L�V�V�R�Q�� �E�U�D�F�N�H�W���� �/�L�R�X�Y�L�O�O�H�¶�V�� �W�K�H�R�U�H�P�� �D�Q�G�� �L�W�V�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �7�K�H�R�U�\�� �R�I��

small oscillations:   

Formulation of the problem, Eigenvalue equation and the principle axis transformation, 

frequencies of free vibration and normal coordinates, free vibrations of a linear triatomic 

molecule 

 

Unit 3: Two - body central force problem and H - J theory 

Two body central force problem: Reduction to the equivalent one body problem, the equation 

of motion and first integrals, classification of orbits, the virial theorem, the differential 

�H�T�X�D�W�L�R�Q�� �I�R�U�� �W�K�H�� �R�U�E�L�W���� �L�Q�W�H�J�U�D�O�� �S�R�Z�H�U�� �O�D�Z�� �L�Q�� �W�L�P�H�� �L�Q�� �W�K�H�� �.�H�O�S�H�U�¶�V�� �� �S�U�R�E�O�H�P�� ���V�F�D�W�W�H�U�L�Q�J�� �L�Q��

central force field; 

H-J Theory: H-J equation and their solutions, use of H-J method for the solution of harmonic 

�R�V�F�L�O�O�D�W�R�U�� �S�U�R�E�O�H�P���� �+�D�P�L�O�W�R�Q�¶�V�� �S�U�L�Q�F�L�S�O�H�� �I�X�Q�F�W�L�R�Q���� �+�D�P�L�O�W�R�Q�¶�V�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�� �I�X�Q�F�W�L�R�Q�� �D�Q�G��

�W�K�H�L�U�� �S�U�R�S�H�U�W�L�H�V���� �$�F�W�L�R�Q�� �D�Q�J�O�H�� �Y�D�U�L�D�E�O�H�� �I�R�U�� �F�R�P�S�O�H�W�H�O�\�� �V�H�S�D�U�D�E�O�H�� �V�\�V�W�H�P�V���� �W�K�H�� �.�H�O�S�H�U�¶�V��

problem in action angle variables 

 

Unit 4: Classical Statistical Mechanics 

Foundation of Statistical Mechanics: The macroscopic and microscopic states, postulate of  
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equal a priori probability, Contact between statistics and thermodynamics; Ensemble theory: 

Concept of ensemble, phase space, Density function, Ensemble average,  Li�R�X�Y�L�O�O�H�¶�V��

theorem, Stationary ensemble; The microcanonical ensemble, Application to the classical 

ideal gas; The canonical and grand canonical ensembles, Canonical and grand canonical 

partition functions, Calculation of statistical quantities; Thermodynamics of a system of non-

interacting classical harmonic oscillators using canonical ensemble, and of classical ideal gas 

using grand canonical ensemble, Energy and density fluctuations; Entropy of mixing and the  

�*�L�E�E�¶�V���S�D�U�D�G�R�[�����6�D�F�N�X�U-Tetrode equation . 

 

Unit 5: Quantum Statistical Mechanics 

 Quantum-mechanical ensemble theory: Density matrix, Equation of motion for density 

matrix, Quantum- mechanical ensemble average; Statistics of indistinguishable particles, 

Two types of quantum statistics- Fermi-Dirac and Bose-Einstein statistics, Fermi-Dirac and 

Bose-Einstein distribution functions using microcanonical and grand canonical ensembles 

(ideal gas only), Statistics of occupation numbers; Ideal Bose gas: Internal energy, Equation 

state, Bose-Einstein Condensation and its critical conditions; Bose-Einstein condensation in 

ultra-cold atomic gases: its detection and thermodynamic properties: Ideal Fermi gas: 

Internal energy, Equation of state, Completely degenerate Fermi gas.     

 

Books for Study and Reference 

 

1.Classical Mechanics (3rd ed.,2002) by H. Goldstein, C.Poole and J. Safko, Pearson Edition 

2. Classical Mechanics - J. C. Upadhyaya- Second Edition-2005-Himalaya Publishing House                                                   

3.Classical Mechanics - G. Aruldhas-2008-PHI Learning Pvt.Ltd. 

4.Classical Mechanics-A Text Book-Suresh Chandra-Narosa Publications 

5.Statistical Mechanics by R. K. Pathira (2nd edition) 

6.Statistical Mechanics by R.K. Pathira and P.D. Beale (3rd edition) 

7.Statistical Mechanics by K.Huang 

8.Statistical Mechanics by L.D.Landau and I.M.Lifshitz      
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�Š To the first approximation we get, 
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�Š By applying Crude approximation we get, 
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�Š Using equation (16) we get, 
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�Š The corresponding pressure is  
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�Š Equations (19) and (20) give the approximate energy and pressure of a strongly 

degenerate Fermi gas and also known as equation of state of an ideal Fermi gas. 
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OPTICS AND THERMAL PHYSICS 

UNIT I 

Refraction through a thin lens, power of a lens, effective focal length of two thin lenses in 

and out of contact, chromatic and spherical aberration and their removal , refraction of light 

through a thin prism, dispersion of light and dispersive power of a prism. 

UNIT II 

Conditions for interference, Young‟s experiment – theory, Newton‟s rings – determination of 

wavelength of light (theory & expt), air wedge, determination of diameter for thin wire 

(theory & expt) 

UNIT III 

Fresnel and Fraunhofer diffraction, theory of plane transmission grating- wavelength 

determination, dispersive and resolving power of a grating – Zone plate- theory 

UNIT IV 

Double refraction, Nicol prism, quarter wave and half wave plate, production, detection and 

analysis of plane circularly and elliptically polarized light- specific rotation – Laurent‟s half 

shade polarimeter 

UNIT V 

Kinetic theory of gases: concept of heat and temperature – ideal and perfect gas- Kinetic 

theory of gases- Expression for a pressure of a gas – interpretation of temperature - Gas laws 

–Gas equation – Avogadro‟s hypothesis- Transport of momentum –Transport of energy- 

Transport of matter – behavior of gases at high pressure – Vander Waals equation of state – 

Critical constants – Experimental determination – Porous plug experiment – theory. 

Books for study 
1. A TEXT BOOK OF OPTICS – N. Subramaniam, Brijilal revised by M.N. Avadhanulu, S. Chand & 

Co Pvt Ltd, New Delhi 
2. OPTICS AND SPECROSCOPY – R. Murugeshan – S. Chand & Co Pvt Ltd, New Delhi 
3. HEAT AND THERMODYNAMICS – Brijilal and Subramanium - S.Chand & Co pvt Ltd, New Delhi 

Books for Reference 
       Physics, Robert Resnick, David Haliday, Jearl Walker Wiley and Sons inc. Sixth edition.                                                                  
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5.14 The Joule –Thomson’s porous plug experiment  

 
Fig.5.11 

 

The porous plug material like silk cotton –wool, kept in position by two perforated brass disc. 

The porous plug has number of fine holes and it is kept in a cylindrical wooden tube. The 

wooden tube is surrounded by a jacket L which is packed with cotton wool. This is to avoid 

heat exchange with the surroundings.  

The experimental gas is compressed to a required high pressure using the piston P. The heat 

of compression is removed by passing the gas through a spiral tube S immersed in a constant 

temperature water bath. The compressed gas is allowed to pass through the porous plug. The 

gas gets slow down while passing through the cotton wool. The gas expands on the other side 

of the plug. The temperature of the incoming and outgoing gases is measured by platinum 

resistance thermometers T1and T2. The pressure of the incoming gas can be measured with a 

gauge and that of the outgoing gas is at atmospheric pressure. The experiment is done with 

different types of gases. The following results are obtained. 

1. All gases showed a change in temperature on passing through the porous plugs. 

2. At ordinary temperatures, all gases expect hydrogen and helium showed cooling effect 

and showed heating effect at room temperature. 

3. The fall in temperature is directly proportional to the difference of pressure on the two 

sides of the porous plug.  

4. The fall in temperatures is decreased as the initial temperature of the gas increases.  

Dr. N.BALASUNDARI  
Assistant professor, Physics Department, Sri K.G.S Arts College, Srivaikundam. 
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M.Sc. PHYSICS –I YEAR 

DKP14 : ELECTROMAGNETIC THEORY 

SYLLABUS 
UNIT I Electrostatics  

Coulomb‟s Law– Charge distributions– Lines of force and flux–Gauss‟s Law and its 

applications –The potential function– Poission‟s equation and Laplace equation–

Equipotential surfaces– Field  due to continues charge distribution– Energy associated to 

an electrostatic field– Electrostatic uniqueness theorem.  

UNIT II Magnetostatics  

Lorentz force – Faraday‟s law – Magnetic field strength and Ampere‟s circuital law– 

Biot-Savart‟s law – Ampere‟s force law – Magnetic vector potential – Equation of 

continuity–The far magnetic field of a current distribution– Magnetic field due to volume 

distribution of current  

UNIT III Dielectrics;  

Polarization – the electric field inside a dielectric medium – Gauss law in dielectric and 

the electric displacement – Electric susceptibility and dielectric constant – Boundary 

conditions on the field vectors – Dielectric sphere in a uniform electric field– Force on a 

point charge embedded in a dielectric  

UNIT IV Maxwell’s equation and propagation of EM waves:  

Maxwell‟s equations and their physical significance – Plane wave equation in 

homogeneous medium and in free space – relation between E and H vectors in a uniform 

plane wave– The wave equation for a conducting medium – Skin depth – Wave 

propagation in dielectric– Poynting vector – Poynting‟s theorem  

UNIT V Waves in bounded region and Radiation  

Reflection and refraction of EM waves at the boundary of two conducting media – 

Normal incidence and oblique incidence – Brewster‟s angle– Wave guides – Rectangular 

wave guide – Cavity resonators – Radiation from and oscillating dipole –Transmission 

line theory – Transmission line as distribution circuit– Basic transmission line equations  

Books for Study and Reference  
1. Foundation of EMT – Third edition –John R. Reity, Frederick J. Milford and                                

Robert W. Christy. 

2. Electromagnetic theory – Prabir K. Basu and HrishikeshDhasmana. 

3. Introduction to Electrodynamics– David J Griffiths. 

4. Electromagnetic fields and waves– P.Lorrain and D.Corson. 

5. Electrodynamics– B.P.Laud. 
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Prepared by 

Dr. N. VIJAYAKUMAR 

Associate Professor in Physics 

Sri K.G.S. Arts College, Srivaikuntam – 628 619. 
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B.Sc. PHYSICS – I YEAR 

DJK1B : BASIC ELECTRONICS 

SYLLABUS 

 

Unit I : Diodes 

P-n junction diode – characteristics – Regulation with zener diodes – Bridge rectifier – 

clipping and clamping circuits with diodes. 

Unit II : Transistors and Amplifiers 

Transistors – Transistor action – three modes of connection – biasing – load line and Q –point 

– voltage divider bias – stabilization – CE amplifier. 

Unit III : Oscillators 

Principles of negative voltage feed back in amplifiers – gain – advantages – principle of 

negative current feedback – Oscillation – Bark Hausen   criterion for oscillation – colpitt’s  

oscillator 

Unit IV : Field Effect Transistor 

Principle , features and characteristics of FET – JFET and MOSFET – their characteristics – 

enhancement and depletion type 

Unit V : Operational Amplifier 

Characteristics – slew rate – inverting and non-inverting amplifier – adder – sub tractor – 

integrator – differentiator 

 

Books for study and reference: 

1. Fundamentals of Electronics  – B. Ghosh 

2. Principles of Electronics   - V.K. Mehtha  
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UNIT I : DIODES 

P-N junction diode – characteristics – Regulation with zener diodes – Bridge rectifier – 

clipping and clamping circuits with diodes. 

1.1 Semiconductors 

Semiconductor is a solid substance that has a conductivity between that of an 

insulator and that of metal due to the addition of an impurity. Devices made of 

semiconductors, are the essential components of most electronic circuits. Semiconductors 

include antimony, arsenic, boron, carbon, germanium, selenium, silicon, sulfur, and 

tellurium. Silicon is the best-known of these, forming the basis of most integrated circuits . 

Common semiconductor compounds include gallium arsenide, indium antimonide, and the 

oxides of most metals. Of these, gallium arsenide (Ga-As) is widely used in low-noise, high-

gain, weak-signal amplifying devices. 

Types of Semiconductors: Semiconductors are mainly classified into two categories: They 

are  (a) Intrinsic Semiconductors  and  (b) Extrinsic Semiconductors 

(a) Intrinsic Semiconductor 

An electron is called a negative charge carrier and a hole ( absence of an electron) is 

called a positive charge carrier. An intrinsic semiconductor material is chemically very pure 

and possesses poor conductivity. It has equal numbers of negative charge carriers and 

positive charge carriers. A silicon crystal is different from an insulator because at any 

temperature above absolute zero, there is a finite probability that an electron in the lattice 

will be knocked loose from its position, leaving behind an electron deficiency or a hole. 

If a voltage is applied, then both the electron and the hole can contribute to a small 

current flow. The conductivity of a semiconductor can be modelled in terms of the band 

theory of solids. The band model of a semiconductor suggests that at ordinary temperatures 

there is a finite probability that electrons can reach the conduction band and contribute to 

electrical conduction.  
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But dQ/dt is electric current and since the node voltage of the integrating op-amp at its 
inverting input terminal is zero, X = 0, the input current Iin flowing through the input 
resistor Rin is given as: 
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The current flowing through the feedback capacitor C is given as: 

dt
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Cdt
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dt

dV
CI out

f   

Assuming that the input impedance of the op-amp is infinite (ideal op-amp), no current 
flows into the op-amp terminal. Therefore, the nodal equation at the inverting input 
terminal is given as: 
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Thus the output voltage is the integral value of the input voltage. 

 

 

 

 

 

Prepared by 

Dr. V. RAVICHANDRAN 

Department of Physics  

Sri K.G.S Arts College, Srivaikuntam. 
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M.Sc. PHYSICS – I YEAR 

DKP12 : MATHEMATICAL PHYSICS 

SYLLABUS 

 

UNIT I : VECTOR SPACE AND MATRICES 

Linear independence of vectors – Dimension – Basis – Inner product of two vectors – 

Properties of inner product – Schmidt’s orthonormalization method – Linear transformations 

– Matrices – inverse of a matrix – orthogonal matrix – unitary matrix – eigen value and eigen 

vectors of a matrix – Diagonalisation – Cayley Hamilton Theorem. 

UNIT II : FUNCTIONS AND POLYNOMIALS 

Beta , Gamma functions – Dirac delta function and its properties – Green’s function – Bessel 

differential equation – Generating function for Jn(x) – Recurrence relation for Jn(x) – 

Legendre differential equation – Generating function for Pn(x) – Recurrence relation for 

Pn(x)- Hermite differential equation – Generating function for Hn(x) – Recurrence relation for 

Hn(x) 

UNIT III : FOURIER AND LAPLACE TRANSFORM 

Fourier transform-properties of Fourier transform-convolution – Fourier cosine and sine 

transform-Fourier transform of derivatives- Application of Fourier transform-vibrations in a 

string-Laplace transform-inverse Laplace transform- Application of Laplace transform-

Simple Harmonic motion 

UNIT IV : COMPLEX ANALYSIS 

Complex variables- complex conjugate and modulus of a complex number-algebraic 

operations of complex numbers-function of a complex variable-analytic function-Cauchy-

Riemann equation in polar form-line integral of a complex function-Cauchy integral theorem-

Cauchy integral formula-Derivatives of an analytic function 

UNIT V : GROUP THEORY 

Concept of a group-Group multiplication table of order 2, 3, 4 groups- Group symmetry of 

equilateral triangle- Group symmetry of a square-permutation group-conjugate elements- 

representation through similarity transformation-reducible and irreducible representation- 

SU(2) group-SO(2) group. 
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The angle 𝜃 is independent parameter and can assume various values and  

𝑅 𝜃 =   
cos 𝜃 − sin 𝜃
sin 𝜃 cos 𝜃

 form a group under matrix multiplication. And    𝑅(𝜃) = 1 

The Identity element (unit Matrix) is obtained when 𝜃 = 0.   

𝑅 𝜃1 𝑅 𝜃2  = 𝑅 𝜃1 + 𝜃2  it is the closure property of group  

 
cos 𝜃1 − sin 𝜃1

sin 𝜃1 cos 𝜃1
  

cos 𝜃2 − sin 𝜃2

sin 𝜃2 cos 𝜃2
 =  

cos(𝜃1 + 𝜃2) −sin(𝜃1 + 𝜃2)
sin(𝜃1 + 𝜃2) cos(𝜃1 + 𝜃2)

  

The inverse of 𝑅 𝜃  is 𝑅 −𝜃  =  
cos 𝜃 sin 𝜃
−sin 𝜃 cos 𝜃

  

𝑅 𝜃1 𝑅 𝜃2  = 𝑅 𝜃2 𝑅 𝜃1 ie., the group is abelian. 

 𝑅 𝜃1 𝑅 𝜃2  𝑅 𝜃3  = 𝑅 𝜃1  𝑅 𝜃2 𝑅 𝜃3  ie., associative law exists. 

Problem:      

Show that 𝑆𝑂 2  is always an abelian group. 

Solution:    

Let two elements of 𝑆𝑈 2  group are 

𝑢1 = 
cos 𝜃1 sin 𝜃1

− sin 𝜃1 cos 𝜃1
 &𝑢2 = 

cos 𝜃2 sin 𝜃2

− sin 𝜃2 cos 𝜃2
  

𝑢1𝑢2 = 
cos 𝜃1 sin 𝜃1

− sin 𝜃1 cos 𝜃1
  

cos 𝜃2 sin 𝜃2

− sin 𝜃2 cos 𝜃2
 =  

cos(𝜃1 + 𝜃2) sin(𝜃1 + 𝜃2)
−sin(𝜃1 + 𝜃2) cos(𝜃1 + 𝜃2)

  

𝑢2𝑢1 =  
cos 𝜃2 sin 𝜃2

− sin 𝜃2 cos 𝜃2
  

cos 𝜃1 sin 𝜃1

− sin 𝜃1 cos 𝜃1
 =  

cos(𝜃1 + 𝜃2) sin(𝜃1 + 𝜃2)
−sin(𝜃1 + 𝜃2) cos(𝜃1 + 𝜃2)

  

𝑢1𝑢2 = 𝑢2𝑢1  Hence  𝑆𝑂 2  is always an abelian group. 
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M.Sc. PHYSICS - I YEAR 

DKP15 : SOLID STATE PHYSICS - I 

SYLLABUS 

 

UNIT I: CRYSTAL STRUCTURE AND DIFFRACTION 

Recapitulation  of  basic  concepts-  crystal  systems-  Bravais  Lattice-  Miller  

indices-symmetry elements-  symmetry  groups-  simple  crystal  structures  (sodium  

chloride,  cesium  chloride, diamond and zincblende structures)  

Bragg’s  law-  Laue  equations-  reciprocal  lattice-  Brillouine  zones-  atomic  scattering  

factor- geometrical structure factor-  experimental methods of structure analysis  (the laue, 

rotating crystal and powder methods) 

UNIT II: CRYSTAL BINDING AND ELASTIC PROPERTIES OF SOLIDS 

Crystal  bindings:  Ionic  bond-  covalent  bond-  molecular  bond-  Hydrogen  bond-  

metallic  bond- Vanderwaal’s bond-Binding energy of crystals- polaron 

Elastic  properties:  Stress components-  displacement  and  strain  components-  elastic  

compliances and  stiffness  constants-  relation  between  elastic  compliances  and  stiffness  

constants  -elastic constants  for  cubic  isotropic  crystals-elastic  waves-  experimental  

determination  of  elastic constants 

UNIT III: LATTICE DYNAMICS AND THERMAL PROPERTIES 

Lattice  dynamics:  Concept  of  phonons-  momentum  of  phonons-  normal  and  

Umklapp  process- vibrations  of  one  dimensional  monoatomic  and  diatomic  linear  

lattices-  inelastic  scattering  of neutrons by phonons 

Thermal  properties:  Theories  of  specific  heat-  Dulong  and  Petit’s  law-  Einstein  theory  

and Debye’s theory- Widemann Franz law 

UNIT IV: ELECTRONIC PROPERTIES OF SOLIDS  

 Free  electron  gas  model  in  three  dimensions:  Density  of  states-  Fermi  energy-  

Effect  of temperature-  heat  capacity  of  electrons-  experimental  heat  capacity  of  metals-  

thermal  effective mass- electrical conductivity and ohm’s law- Hall effect- failure of the free 

electron gas  Band  theory  of  solids-  periodic  potential  and  Bloch’s  theorem-  Kronig-  

Penny  model-wave equation  of  electron  in  a  periodic  potential-  periodic,  extended  and  

reduced  zone  schemes  of energy  representation-  number  of  orbitals  in  an  energy  band-  

classification  of  metals,  semi conductors and insulators- tight binding method and its 

applications to FC and BCC structures. 

UNIT V: SUPER CONDUCTIVITY 

Experimental  survey: Superconductivity  and  its  occurrence-  destruction  of 

superconductivity  by magnetic  field-  Meissner  effect-  Type  I  and  II  super  conductors-

entropy-  free  energy-  heat capacity- energy gap- isotope effect 

Theoretical  survey:  Thermodynamics  of  the  superconducting  transition-  London  

equation- coherence length- salient features  of the  BCS  theory of super conductivity- flux 

quantization in a superconductivity ring- DC and AC Josephson effects 

 

Books for Study and Reference 

1. Introduction to Solid State Physics  - 7 The edition - by Charles kittel 

2. Solid State Physics by Neil W Ashroff and N.David Mermin 

3. Solid State Physics by S.L. Kakani and C. Hemarajani 

4. Elementary Solid State Physics by M. Ali Omar 
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5. Fast Electrical switching  

 Application of magnetic field changes Superconducting to normal and removal of 

field reverses the process. This principle is used to develop switching element cryotron.  

6. Logic and storage function in computers  

 Current Voltage characteristic of Josephson Junction are suitable for memory 

elements. Superconductors are used to perform logic and storage function in computers. 

7. SQUIDS (Superconducting Quantum Interference Devices)  

 SQUIDS is a double junction quantum interferometer. It is based on flux quantization 

in Superconducting ring. Very minute magnetic signals are detected by SQUIDS sensors. 

 It is used to study tiny magnetic signals from the brain and heart.  SQUIDS 

magnetometers are used to detect paramagnetic response in the liver. It gives the amount of 

iron content of liver accurately.  

New oxide superconductors like thallium cuprates exhibit, Superconductivity with 

transition temperature about 125 K or above. These high temperature Superconductivity 

devices have very widespread commercial applications, such as energy technology, 

telecommunication, computing, super-fast transportation, medicine etc. 
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



  

  

 

   

 

   

  

  

 

 

  

  

   

  

  

    

 

 

 

   

   

  

  

   

 

   

   

   





 

 

 

   

 

 

 

   

   

  

  

   

  

 

 

   

  

 

  

   

   

 

 

   

 

  

   

    





    

  

  

    

  

  

  

    

   

  

   

   

 

 

  

  

  

 

  

   

 

  

    

  







  

       
            
  

   



         


 



        

 

 



         


  



       


 



           
 

  



         






      
      


 



   

 



        

   

          




     

  



 

 







         


  



     


 



      
 

 



        


 



        


 



     

  



          


 



    





        
 

        



            


 







  

        

 

  

 

 



 

 







  







           

             

          

             

              

            

           

   

             

             

             

            

               

         







          

              

       

    

             

             

            

            

 

             

            

           

            

               

              

                

  

 



             

           

               

             

                

          

        

   


 

 

   


            

             

             

             

                 

               





            

              

             

              

  



               

            

             

           

   

           

 

             

            

             

     

 

  

             



      

             

             

              



 

   

   

     







     

    

   

     

   



   

 

 

     

   

   

  

     

  

  

  



           

        

       

      

  

              

           

       

       

   

  





      

    

    

             

           

   

     

  

   

         

          

   

            

   

           

   





  

            

             

            

            

             

            

              

  

             

              

              

              

           

                

    

              



 









            

   

           



  

 

          

            

              

        

             





            

   

         

     

             

                

 

            

           

                

           

          

           

 

 
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