1 Calculus

1.1 General Leibnitz Rule

S U@e@] = 3 1 @ @)

r=0

1.2 Leibnitz Rule

d o) _ dv(z)
i |, S@n = s e T

u(x v(@) .
~ Faua) Ty [T g,

dz (x) ox

1.3 Jacobian

a(z,y, 2) Oux Opx OpT
J=—""2"2 — |9,y Ovy Ouwy
O(u, v, w) Ouz Opz Owz
0
dxdydz M = dudvdw
8(u7 v7 w)
Jxz = nyJyz
Jxx =1

1.4 Fourier Series

Generalized Fourier series over an orthonormal basis in [a,b] with 2L =
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1.5 Fourier Transform
Fk) = = [ e f(2) da, f(x) =

f{ dzj;f) } = (k)" F{f(2)}

A rwauf = i

Ff@} = fk) = F{f(@) }=f -
} fa+a)
fﬁl{f(az-i-a)} :efiz“f(az) <= F{eﬂlaf(a)} :f (k+a)

{ (ak)} = \a| ( )

= /22, R f (k) dk

Fif@+a)} =e*fk) e FH{eh]

Fifan)} = oo f (%)

/f(z

Flf(@) xg(@)} = Vorf(k)g(k)  F{f(x)g(z)} =

1.6 Dirac Delta Distribution
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3D Dirac distribution — remember the Jacoblan'

1.7 Laplace Transform
L{f(t)} = foo e Stf(t)dt,Re{s} > 0.
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linearly independence in that region.

1.8.1 Solution with power series

About an ordinary point, x = zo = 0 try just using power series. A change
of variables X = z — zg can be made to solve around X = Xg = 0.
For regular singular points we can try Frobenius’ method of y =

(z —0)7 250 (z — 20)", a0 # 0.

1. Write in the form of z2p2(z)y"” + zp1(x)y’ + poy = 0,
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3. If = is ordinary then o2 = 0 gives the general solution.

4. If the o s differ by a non-integer then two linearly independent
solutions are obtained.

5. Else if they differ by a non-zero integer then the smaller one
may or may not be linearly independent. y2 = Cyi(z)In|z| +
xz72 3 1, C =0 = bpz", by, —o, =0.

6. Else (they are equal) then y2 = y1(x)In |z| + x72 Y- | bpa™.
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1.8.2 Particular Integral

/” q(§) y2(Hy(x) —
p2(€) y1(§)ys (&) —

y1(§y2(z)

nEw© ©

yp(®) = —

1.9 Sturm-Liouville

1.9.1 Sturm-Liouville Equations
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1.9.2 Eigenfunctions

1. Write down L¢(x) = Au(x)é(x). Solve and obtain a spectrum.
2. Normalize all ¢.
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1.10 Green’s Function

1.10.1 Dirac delta method (impulse) B = ‘gfr
v q;
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3 Misc

4. Impose continuity/discontinuity conditions at z = z’:
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2 Vector calculus
2.1 Identities
A-BxC)=B-(CxA)=C-(AxB)
Ax(BxC)=B(A C)—C(A-B)
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(AxB)=A(V-B)—B(V-A)+(B-V)A— (A-V)B
VX(VXA)=V(V-A)-V3A
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2.2 Vector Integration
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2.3 Curvilinear Coordinates

3.1 Binomial Expansion
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3.2.1

Gram-Schmidt Orthogonalization
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3.2.2 Hermitian Operators

Can be found with repeated integration by parts:
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