The course in the first semester covered ordinary differential equations, eigenvalue problems of matrices and partial differential wave equations. This semester we start to use these mathematical methods to introduce basics concepts in quantum mechanics. A mini formal course of linear algebra will clarify the mathematical structure of QM. Schrodinger Wave Equation is introduced to tackle exciting physical problems, including simple harmonic oscillators and hydrogen atoms. To solve hydrogen atom spectrum, we come back to formal mathematics topics of partial differential equations and special functions. Finally we talked about complex analysis to better handle special functions that appear in physics problems. 
We first discuss early quantum physics especially Bohr’s atomic model, and the serious problem it faced regarding spectrum experimental data. It is shown this difficulty can only be solved by accepting electrons as waves. However, to allow for electrons as both particles and waves, so called particle-wave duality, physicists must introduce probability interpretation and accept uncertainty into physics predictions. 
These peculiar characters of quantum world are so different from Newtonian mechanics that a whole new theory is called for. Ironically this new theory takes the form of a wave equation, Schrödinger Wave Equation and formally, mathematically, it is almost identical to classical wave equation we have been discussing form the start of the class, except that the wave function is now complex number valued. Therefore, all we have learned up to this point in the class can be applied to solving real quantum mechanical problems.
Three problems will feature significantly. First simple harmonic oscillator. We will see the energy quantization, the key feature of QM, emerges naturally as discreet eigenvalues. This general feature applies to all bound states and is the classic Sturm-Liouville eigenvalue problem. This we will discuss in detail. 
Secondly scattering in non-bound state problems. We’ll use the simple 1D potential to illustrate its basic features and introduce the mathematical tools of delta function and Fourier Transformation.
Finally, 3D Hydrogen atom spectrum, the corner stone of quantum mechanics calculation. Solving the Hydrogen spectrum requires the discussion of classic differential Legendre Equation and Laguerre Equations. The solutions are written as Series solution and in general called special functions which are used extensively in classical physics. It is fun to see they are also useful in quantum mechanics.   
Special functions mathematics would be better understood using the mathematics of complex analysis. We will cover the basic features. 
1st week  Review of Wave Equation. Bohr Atom Model and spectrum.
2nd week Electrons as Waves. De Brogie and Schrödinger. 
Electron is a particle and a wave.
3rd week  Probability Interpretation of Wave. Schrödinger vs Max Born. 
4th week  Uncertainty Principle. Heisenberg vs Schrödinger. Copenhagen Interpretation.
It is impossible to be both particle and wave. Unless…….
5th week  Schrödinger Wave Equation for 1D infinite well potential
6th week  Simple harmonic oscillator and Energy Quantization.
7th week  Sturm-Liouville eigenfunction problem
8th week  Electron Spin. Finite and Infinite Dimensional Vector Space
9th  week  Midterm exam
10th week  Schrödinger Wave Equation for 1D scattering potential
11th week  Delta function and Fourier Transformation.
12th week   Schrödinger Wave Equation for 3D Hydrogen Atom.
13th week   Differential Legendre and Laguerre Equations and Series solution.
14th week   Special Functions 
15th week Functions of Complex Variables
16th week Final Exam

