Force: F=212
Angular Momentum:
Torque: N:%‘:er
Work (Energy):

Potential Energy:

Total Energy: E=T+U
Pressure: p=F/A
Power: P:%:F~v
Electric Field: F=¢E
Current: J=pv
Electric Potential: V=-[E-d
Magnetic Flux: dp = [(B-da
Inductance: bp=LI
Resistance: V=IR
Capacitance: QR=CV
Conductivity /Resistivity: J=0E= %E
Poynting Vector: S= u% (E x B)
Vector Potential: B=VxA

Electric Auxiliary Field: D=¢E+P

Magnetic Auxiliary Field: H= iB -M
Impedance: 7 = % =R+iX
Phase Velocity: vp :d%
Group Velocity: vy = %
Hooke’s Law: F=—-kx
Coulomb’s Law: F = 4Tr1€0 ‘1;321”-
Biot-Savart Law: B= /%I dl;xr
Lorentz Force Law: F=¢gE+vxB)
Gauss’ Law: V.E= %
Faraday’s Law: V xE= _%3
Magnetic Gauss’ Law: V-B=0
Maxwell-Ampere Law: V x B = puoJ + ,uoﬁo%it:
Continuity Equation: V-J+ % =

Perpendicular Electric B.C.: elElL — egEj =oy
Parallel Electric B.C.: El—El=0

Perpendicular Magnetic B.C.: B — By =0

Parallel Magnetic B.C.: LBQ — LBQ =Ky xn
H1 H2

Potential Energy of Point Charge: U=qV

Dipole Moment: p=[xpx) d*z’ — qd

Magnetic Moment: m=1[x'xJ(x)d% — Ia

Linear Medium D Field: D=cE
Linear Medium H Field: H = ,%B
Polarization: P =¢x.E
Magnetization: M =y, H
Electrostatic Pressure: D= 0FEq4,
Electric Dipole Potential: Vaip = ﬁ%’f
Electric Dipole Energy: U=-p-E
Magnetic Dipole Energy: U=-m-B

Spherical Laplacian:

Green’s Functions Potential:

Spherical Harmonic Expansion:

Multipole Expansion: — V(x) = 7= [ F (:/c)’l
BAC-BAC (Back to Back) Vector Identity:

o Ie] o) : o)
V2= 55 (P 50) + ey oo (51n(0) 5
V(x) = —4n fv G(x,x’ (
rt rt *
T = Lo s Picos(n) = 4m 20 X s Vit (0 6)Yim (0, 6)
P’ = L S U Vi (0, ) p(x) dPa’] Ymlte)

Torque on Electric Dipole: N=pxE
Torque on Magnetic Dipole: N=mxB
Electromotive Force: €= — dth

Bound Charge: n
Bound Current: Jy,=VxM K,=Mxn
Gradient of Potential: \Y (%) = T%
Divergence of Electric Field: V(&) =4r83(r)

Spherical Method of Images: z’ = (%) a ¢ =-— (9) q

x

Electric Field: E=-VV - %
Field Energy: U= %f (60E2 —+ ﬁ32> d3x
Electric Field Outside a Conductor: E=2Zn
Magnetic Field of a Solenoid: B = ponlz
Magnetic Field of a Wire: B = %gﬁ
Resistance: R=pL/A
Circuit Impedance: Zy, =iwl Zc= iwlC'
Impedance of a Medium: Z = \/g
Poisson’s Equation: V2V =—£ V2A =—pyJ
€0 ,
Electric Potential: V(X) = f7c |f:(fx),| d3a’

Vector Potential: Ax)=1T |i(_x)2| 3z’

Snell’s Law: nq sin(fy) = ng sin(6z)

Plasma Dispersion Relation: k2c? = o? — wz

e (W) ~ w?

Plasma Susceptibility: o 1— LTE

Plasma Frequency: UJ; = ne.
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Speed of light in medium:
Fields of a plane wave:
Larmor Formula:
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Complex Poynting Vector:
Power per solid angle:

Relativistic Energy: E? = p?c? + m2ct

Relativistic Energy for Massive Particle: E = ymc?

Relativistic Momentum:

Relativity Notation: vy=1/\/1-032 pB=v/c
. 2

Field Trans. (cgs): E' =y(E+ § x B) = 255(8 - E)

Field Trans. (cgs): B'=v(B - xE) — %ﬁlﬁ(ﬂ -B)

V2G(x,x') = 63(x — %)
Fundamental Solution: G(x,x') = —ﬁﬁ
Azimuthal: ~ V(r,0) = 37% (Al + -£5) Pi(cos(6))
Divergence Theorem: V- A d¥z = fs A - da

Green’s Functions:

Stokes’ Theorem: Js(VxA)-da=¢,A-dl

Spherical Gradient: V = %f' + %%9 4 ﬁ’lw) aa¢>‘£

Cylindrical Gradient: V = %f- + 718%(7{) + %Q
2 2

Cylindrical Laplacian: V2 = 2.2 (r2) 4 %2% + 2
1 92

) + r2sin2(0) g2

(') da’ + §o (V) 29550 — Glx, x) 2580 ) da!

on’

Ax(BxC)=B(A-C)— (B-A)C



Fundamentals

Probability Postulate: P\ = (M) 2
Shrodinger’s Equation: 2mV21/1 + V= zhatw
Momentum Operator: p = —thV
de Broglie Relation: p= ’7’\ = hk
Expectation Value: (A) = (Y| Aly)
Definition of Unitary: Ut=u-!
Stationary States: [Y(t)) = e*”“/h|¢(0)>

Canonical Commutation Relation: x;,p;] = thdy;
Jacobi Identity: [A, BC| = [ ,C] —[B, A]C
Identity Operator: =", 19:) (¢4l
Hermitian Conjugate: <¢1\ATW2> (o] Altp1)*

Definition of Hermitian: At =A
Hermitian Conjugate of Product: (AB)t = BT Af
Uncertainty Principle: —2(¥|[A, B]|p)?

oho% =
WIHI) 2 Eo V1)
AR = Q)+ (57)

Generalized Coordinates: p = %5 P —%—ZI qg= %—f

Variational Method:

Expectation Evolution:

Mathematics

Variance:
Euler’s Equation:
Gamma Integral:

02 = (@ — (2)?) = (%) — (2)?
Ooe”” = cos(x) + isin(x)

Jo x”e_: dr =T(n+1)

Jo S ame™™ do = $T(24)
L(n+1) =nl'(n), I'(3) =7

Gaussian Integral:
Gamma Properties:

Exponential Approximation: efxl+z (z<1)
Square Root Approximation: /1 +z =2 1+3 (z < 1)
Simple Harmonic Oscillator

Lowering Operator: a= \/ﬁ(mwx + ip)
Hamiltonian: Hgpo = —|— mw2x2 (ata + %)hw
Energy Levels: E,=(n+3)hw
Position Dimensions: To =1/ 3 ;’L’w
Momentum Dimensions: Topo = h/2
Position Operator: r=1z,(a’ + a)
Momentum Operator: p = ip,(at — a)
Ladder Operators: [a,af] =1
Raising; aM|thn) = Vi F L)
Lowering: alton) = Vlin)
Number Operator: N |thy,) = ata|vy,) = n )

Ground State: ale) =0

Selection Rules:

Perturbation Theory:

Time-Dependent Perturbation Theory:
WKB Approximation for Semi-Infinite Potential:

Baker-Hausdorff Lemma: eBAe—B =

A,

A+i[B, A] i[B

Angular Momentum
)
= —’Lh&
J=L+s
Jz|j m) = hm|j m)

L. Operator:
Definition of J:
J. Eigenvalue:

J? Eigenvalue: J2 | m) =h%(j+ 1) |7 m)
Angular Momentum Operators: (J; )ik = —i€ijk
Commutator: [Jis Jj] =03 €Tk
Ladder Operators: Jr =J, £iJy
Ladder: Ji|j,m) = h\/j(j +1) — m(m £ 1)|j,m £ 1)

Spin and Magnetism

Pauli Matrices: o, = ($8) o, =0 ") 0.=( %)
Spin Singlet: 0,0) = %(H )y —1—+))
Spin Triplet (m = 0): [1,0) = 7(H )+ 1—+))
Spin Triplet (m #0): [1,1) = |[++) [1,-1)=|—-)
Magnetism: Hyog=—p-B=pp(L-B+o-B)
Electron Magnetic Moment: w=—uplL
Bohr Magneton: up = %
Spin Half Polarization: G =HxP
Spin-Orbit Hamiltonian: His = 5= 7«13L s
Atoms

Fine Structure Constant: ke? = ahe

Bohr Radius: a=-L

mco

Reduced Mass: po= i

Hydrogen-like Atom Hamiltonian: H= g; Zf2

: mk2Z%e* Z2a? 2

Hydrogen Energies: E,=-"75 = —-%5mc

Virial Theorem: 20| Ty = <’(/J|7“ Vo)

Coulomb Virial Theorem: (E) = —(T)
~3/2

Hydrogen Ground State: P1(r,0,¢) = “76

Scattering

Wavefunction:

() = g [T + (0, 0)%
gror = [ 55d2 = [|f(8,

Lk’!" i|

Cross Section: 2dQ

—(2m)%/2 m —ik’-x’
Amp.: f= (2472 2 f K V(x')(x )dsx/
Born: O k) = —i@ [V (x)etlk= K 340
Sym. Born: f(l)( ,$) = 72—’”1 fo TV )sin(gr) dr
Momentum Transfer: q= |k k'| = 2k sin(04./2)
Optical Theorem: oot = ZEIm(f(0))

<o/j’m”Tk|ajm> =0unlessm’=m+qgand |j—k| <j <j+k

= B - By = gy - 3 Wl TIIE
m#n
Ssl9() = 0y — ,Qfo (o5|H'(H) /‘¢>ewﬂy at

2 /2m(E, —V(x dzfn—fwh (nGZ*)
(B A+ o+ (BB, [B..., [B, All] +



Fundamentals

Fundamental Relation:
Heat Definition:
Entropy Definition:
Beta Definition:
Temperature Definition:
Boltzmann Factor:
Ideal Gas Law:

Ideal Gas Energy:

Pressure:

Heat Capacity Definition:

Heat Capacity (Volume):
Chemical Potential: pu=-T (g—f[)
Magnetic Susceptibility Definition:

Magnetization:
Magnetization Relation:
Magnetic Moment:
Efficiency:
Equipartition Theorem:

Sterling Approximation:

Partition Functions

Partition Function:

N Particles:
Helmholtz Free Energy:

Energy:

Pressure:

Entropy:

Heat Capacity:
Alpha:

Chemical Potential:

Mean Particles Per State:

Mean Square Fluctuation:

Dispersion:

dE =TdS — pdV + pdN
Q=AE+W
S = kIn(Q)

Legendre Transformations

Energy: E(S,V,N)=FE
Enthalpy: H(S,p,N)=E+pV
Helmholtz Free Energy: F(T,V,N)=E-TS
Gibbs Free Energy: GT,p,N)=E-TS+pV

Kinetic Theory

Mazxwell Distribution:  f(v) = n (52-) % e~mv*/2KT

1

Component Dist.: 9(va) =n (5%5)2 e~mvs/2kT
Mean Lifetime: T = m%g
Mean Velocity: U= ,/%%
RMS Velocity: VUrms = /3L
Most Probable Velocity: U= 2%
Quantum Statistics

Alpha: a=-—0
Grand Canonical P.F.: Za =Y Z(N")e N
Photon Gas Pressure: p= %
Total Particles: N = [57 f(e)p(e) de
Total Energy: E= OOO ef(e)p(e) de
FD Distribution Function:  f(es) = fis = ﬁ
BE Distribution Function:  f(es) = fis = m
BEC Integral: J s de=T(n+1)¢(n+1)



