Equations - Mathematics


Complex Numbers

Denoted by either 
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De Moivre’s Theorem: 
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Coordinate Systems
Cartesian Coordinates

[image: image14.wmf]
Laplacian: 
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Divergence:
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Curl:
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Cylindrical Polars
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Spherical Polars
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Conservative Fields
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Continuity Equation
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Incompressible fluid: 
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Data Analysis
Propagation of errors: 
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Combination in quadrature
If 
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Least Squares Fit
Chisquared 
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where 
[image: image53.wmf] is the distance from the data point to the corresponding fit point.

Degrees of freedom: 
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where 
[image: image55.wmf] is the number of data points and 
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For a good fit, 
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Repeated measurements
Mean: 
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Error of mean: 
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Best estimate of 
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Weighted mean: 
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Delta functions
Dirac delta:

[image: image65.wmf]

[image: image66.wmf]
Kroenecker Delta:
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Differentiation and Integration
Differentiation
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Chain rule: 
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Product Rule:
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Quotient Rule: 
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Stationary point: 
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Point of inflexion: 
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Integration
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Divergence Theorem: 
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Stoke’s Theorem: 
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Integration by Parts: 
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To solve 
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If 
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If 
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Differential Equations
First Order Ordinary Differential Equations
Separable: 
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Take 
[image: image155.wmf] to opposite sides, integrate to get solution

Linear: 
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Use integrating factor 
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Multiply by 
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Then as for separable case

Bernoulli’s Equations

[image: image162.wmf] 
[image: image163.wmf]
Divide through by 
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Then use integrating factor 
[image: image168.wmf], and proceed as above

Second Order ODE with constant coefficients
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Set 
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Trial solution: 
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Eigenvectors and Eigenvalues
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[image: image181.wmf] is the unitary matrix (see later)
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eigenvector 
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Unit eigenvectors 
[image: image185.wmf]
Expansions
Binomial expansion:
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Taylor expansion:

About 
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Exponentials & Logarithms
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Fourier Transforms

Standard Notation
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Complex Notation

Kronecker Delta: 
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Parseval, normalization: 
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Dirichlet’s Conditions

A set of 
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[image: image217.wmf] is complete – any sensible function can be built from them.


[image: image218.wmf] must be single-valued, and have a finite number of finite discontinuities.
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Integral Transforms
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Gives the amount of each wave needed in the Fourier series.

For any function 
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Legendre Series, 
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Any ‘sensible’ function on 
[image: image226.wmf] can be expanded using Legendre polynomials
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Orthogonality
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Solutions
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Convolution theory
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Fourier transform of convolution of 2 functions is the product of their individual transforms 
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Newton-Raphson Method

(Numerically solving equations)

· Make initial guess at solution 
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· Find the gradient at 
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· Find where it cuts the x-axis 
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· Repeat as needed

Polynomials

All just combinations of 
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Can solve using power series 
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Legendre Polynomials 
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Finite at 
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Eigenvalues: 
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(waves with axial symmetry, i.e. no 
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Associated Legendre Polynomials
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Eigenvalues: 
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(waves with 
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Hermite Polynomials 
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(quantum harmonic oscillator)

Laguerre Polynomials 
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 (hydrogen atom radial wave functions)

Bessel Functions 
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Finite at 
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(free waves in plane or cylindrical polars)

Spherical Bessel Functions 
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Finite at 
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(Free waves in spherical polar cords)

Quadratics
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Series

Arithmetic
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Geometric
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Trigonometry
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L’Hopital’s Rule: 
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Vector Identities

Scalar Product:
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Vector Product:
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Scalar Triple Product: 
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Vector Triple Product: 
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Matrices
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Identity matrix 
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Transpose 
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Inverse: 
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Complex conjugate: 
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Hermetian conjugate: 
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Trace: 
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Rotation matrix: 
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