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Make Mathematical Physics really physics and really mathematics.

Not just solution manual.
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Mathematical methods for application to problems in physics.

FE2 Y Mathematical Physics AU = K EEE £ 177 ¢

5] & fllf& 77 Vector Calculus
{5y 52 =, Partial Differential Equation {7 -EH35 R E) T FE
GRMECEL Linear Algebra [H] & 25 ]V UEL

& 8 k87 Functions of complex variables

We will not insist on covering these mathematical topics comprehensively.

But we will insist on covering their physics as comprehensively as allowed.

This 1s a physics centric course and is to show how mathematics can help us.
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Physics and mathematics grew up together, intertwined, until they grew

apart towards the end of the 19th century.

One of many reasons is the rise of rigor, which even the likes of
Hermite denounced. Landau and Lifschitz: “self delusion”.

Einstein: “more or less dispensable erudition”.

With string theory, they are coming together again.

Physics needs mathematics, no question: before string theory, the last
three major episodes being partial differential equations for
electromagnetism, differential geometry for gravity, and group

But it is striking that for most purposes in physics, other than proving
rigorous results, Mother Nature seems to have taken only the first t‘e\av
weeks of an undergraduate level course in each of these subjects. (I am of
course speaking of the “working class of theoretical l)hysici;[s” “ala
Feynman which I belong to and was trained in at Princeton )
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weeks of an undergraduate level course in each of these subjects. (I am of
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K 1722 Wave Equation will be the first organizing topic.
0’y 10%

0x2 2 0t2

A whale sends out its sounds and songs...

...those sound waves reflect \\\
off a fish swimming toward —
the whale...

...and the whale uses those reflected
sound waves to determine where the
fish is and what direction it is swimming.

This 1s the 1dentical equation of motion of all wave phenomena.

Identical equation leads to i1dentical solution. All wave systems have identical solutions.



Wave Equation without no boundaries

0%y 10%
dx2  v2 Jt2

Solution :  f(x —vt) + g(x + vt)
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If medium size is limited, it resemble coupled spring system.

To solve coupled spring equation of motion is to solve matrix eigenvector problem.

One eigenvector corresponds to one independent oscillation mode.

General solutions are linear combinations of oscillation modes.
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Schedule:

18t week Gamma Function

27 week Review of partial differentiation and vector calculus. Derivation of EM wave

equation. Partial differential equation!

Review of Coupled Springs and continuous limit of the equations of motion as classical

Wave Equation.

3rd week Solving equations of motion of coupled springs by oscillation modes.

Solving classical wave equation by the method of separation of variables.

ODE for space part solution as an eigenvalue and eigenfunction problem. |




The importance of wave equation goes beyond the above wave phenomena.
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same yesterday, today, and tomorrow 15

3 The world is quantum 28
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5 Fearful symmetry: a universe full of symmetries 107

6 Einstein, the exterminator of relativity and the choreographer of
spacetime 134 ’ ‘

7 Unity of forces in the universe 176

8 The Creator speaks the language of mathematics

9 Entropy and thermal agitation: all about sharing
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THE WORLD IS QUANTUM

Mysterious and mystifying

Those who are not shocked when they first come across quantum
theory cannot possibly have understood it.*
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EUYV stands for extreme ultraviolet light, which produces the circuitry.
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It 1s the beginning of a new age!

The way quantum world works is totally different.
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Schrodinger Wave Equation is a Partial Differential Equation very similar to
classical wave equation.

%y 1 0%y

0x2 2 0t2

The technique to solve them and their solution are very similar, too.

The technique: Separation of variables and Eigenvalue problem.



Eigenvalue problems 72 {fF X EE & I |
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Differential Equation (Ordinary and Partial) {57 /5 f2 =
Vector and Matrix [r] == EAFEE

o T RE T BLARRE - TN — (B M A EER AR

Eigenvalues and Eigenfunctions A {2{E B A F L #

EEERAERAIEZ I - A EE



KR T TR~ GMEREUTIE BRI - T2E HmAYBEEEE T ¢
Eigenvalues and Eigenfunctions {2 {H B A2 1k 8 -
s {EERAVER A FEZ O A EE A

(Quantisation as an eigenvalue problem;
by K. Schrodinger*

Linear Algebra SRR TR 2 HVAZUERE -



THE WORLD IS QUANTUM

4™ week Bohr Atom Model and Atomic Spectrum. Electrons as Waves. De Brogie and

Schrodinger. Electron is a particle and a wave.
5% week Probability Interpretation of Wave. Schrodinger vs Max Born.
Uncertainty Principle. Heisenberg vs Schrodinger. Copenhagen Interpretation.

6™ week Schrodinger Wave Equation for 1D infinite well potential.

Method of separation of variable for solving Schrodinger Wave Equation
8

7t week Fourier Series

8t week Simple harmonic oscillator and Energy Quantization.




oth week Midterm exam

10™ week Sturm-Liouville eigenvalue problem

11" week Delta function and Fourier Transformation.

12% week [Curvilinear coordinates. Schrodinger Wave Equation for 3D Hydrogen Atom.
13" week Differential Legendre and Laguerre Equations and Series solution.

14® week Special Functions

15® week Functions of Complex Variables

16" week Final Exam



