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1 Physical constants

fine structure constant : = — r~ —
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Rydberg energy :
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Bohr magneton : up =

Bohr radius : o =

2 Vector calculus relationships

Triple products:

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

A x(BxCQC)
A-(BxCQ)

=B(A-C)—
—B-(CxA)=

Product rules:

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

Second derivatives:
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A)=0
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Green’s theorem:
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Spherical coordinates:
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Cylindrical coordinates:
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3 Quantum mechanics

V=

Raising and lowering operators for ang. momentum:
Jy = Jp £iJy
m) =h/j(G+1) -

Perturbation theory for nondegenerate states:

[(n| V |m)[*
+ (n|Vin) + Z &

m#n



Comp Exam Formula Sheet (gaussian) 2

Harmonic oscillator: [a,af] =1 5 Useful math formulas
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a = %‘Tﬁ-’é Gy ptkr cos @ :Z(2l+1)lljl(kT)B(COS9)
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4 Electromagnetism =1
1

log(n!) ~ 51 og(2mn) + nlog(n) —

sin(z £ y) = sinz cosy + coszsiny

Maxwell’s equations:

10B
V-D =4mp VXE:_EE cos(x £ y) = cosxcosy Fsinxsiny
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Magnetic dipole field:
!
3#(F-m) —m LI "<_Py(cos
B =——5— ]~ 2 ieesd)
Energy density: U = 8%F(E ‘D+B-H) Spherical Bessel functions:
Poynting vector: S = -2E x H . sin z coS 2
Y g iz jo(z) = : no(z) = — :
: ’ : . sinz  cosz cosz sinz
General solutions of Laplace’s equation ji(z) = S n(z) = — o
in cylindrical coordinates (independent of z): Legendre polynomials:
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®(p, ) = a,log(p) Py(z) =1 Py(z) = 5 (32° - 1)
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n n n Pi(z) == Ps(x) = 3 (52° — 3z)
m/2 d™ P,
in spherical coordinates: P (z) = (1 - 372) / d:cml
o 1 Spherical harmonics:
200 =3 3 (A + T8 ¥n00) T
0 m=— = — =1/—s
00 T 22 397 sm- ve
1
> B Yii=— 3 sinfe’® Yy = — —5 sin 0 cos fe*®
O(r,0) = Z (An" + > Py(cos ) 77 @
1=0 3 5 (3 1
(with azimuthal symmetry) Yio = Am cos Yo = Am <2 cos™ ¢ — 2)



