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2 Vector calculus relationships

Triple products:

~B(A-C) -
=B-(CxA)=

C(A - B)
C. (A xB)

Product rules:

V(A -B)=(A -V)B+(B-V)A
+AXx(VxB)+Bx (VxA)
V- (pA)=¢V-A+A -V
V- (AxB)=B:-(VxA)+A-(VxB)
Vx(AxB)=AV-B-BV A+
+(B-V)A—(A-V)B

Second derivatives:

Vx(VxA)=V(V-A)-VA
V- (VxA)=0

Green’s theorem:

/V (VY2 — ¢V>p)dV

- 72 (WY — V) - dS

Spherical coordinates:

of . 10f5 1 Of

VIi=5 e’ rsin98¢¢
10 1 9
V- A= —28—( AT)JFTSI 550 (sinfAyp)
1 04y
sing 90
1 3} 04\
VXA—T <89(51n9A¢) 8¢>r
1 1 0A,
; <sm9 0¢p 87"( A¢)> 0
1 0 R
o (a (rdo) = )¢’

10 (,0f 1 0 of
2 [ — —_ J—
Vii=e ( 8r> t 2sing 90 (1 009)
1 0%f
+ r2gin?0 ?152
Cylindrical coordinates:

of . 10f - 8fA

Vi=g,0 +—8—¢¢
13 1aA 6‘A

VAff—(pA)Jrfa;
(18A 8A¢>

(& )
(-2
,. 10 [ of\ 108 0°f
Vf‘m(”ap)*pw*azz
3 Quantum mechanics

Raising and lowering operators
for angular momentum:

Ji ljym) =h/j(G+1) —

Perturbation theory for nondegenerate states:
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Harmonic oscillator: [a,af] =1 5 Useful math formulas
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4 Electromagnetism 5

log(n!) ~ 51 og(2mn) + nlog(n) —

sin(z £ y) = sinz cosy & coszsiny

Maxwell’s equations:
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Magnetic dipole field:
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Energy density: U = %(E .D+B-H) Spherical Bessel functions:
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in cylindrical coordinates (independent of z): Legendre polynomials:
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