
Formulas: 
 
 
Mechanics 
Motion in a 
non-inertial 
frame: 

mdv/dt = -∂U/∂r - mdV/dt  + mr × dΩ/dt - 2mΩ × v - mΩ × (Ω × r) 

Lagrange’s 
equations: 

 
Hamilton’s 
equations:  
Lagrange 
multipliers:    
Small 
oscillations:  

  
Motion in a 
central 
potential: 

 
Two 
interacting 
particles: 

CM frame: 

 
Relativistic 
kinematics: 

 



4-vectors: 

 
Transformation 
of velocities: 

u'|| = (u|| - v)/(1 - v⋅u/c2),  u'⊥ =  u⊥/(γ(1 - v⋅u/c2)) 

Doppler 
shift: 

ω' = γω(1 - (v/c)cosθ) 

Relativistic 
collisions: 

For each component pµ of the 4-vector (p0, p1, p2,p3) we have 
 

 
 
For transformations between reference frames we have 
 

 

. 

  

 



E&M 

Maxwell's 
equations:         

          
 

lih materials:   ,  

                           
Dipole field 
and 
potential: 

          
 
F = ∇(p⋅E),  τ = p×E,  U = -(p⋅E)  
 

 
 

 
 

,    
Boundary 
conditions: 

,  ,   
,  ,   

 

    Note:  t × n2 = -n 
Multipole 
expansion: 

 

  

  
Method of 
images: 

Grounded conducting sphere:  
place  

  
to make the sphere an equipotential with φ = 0.  



Boundary 
value 
problems: 

 

Dielectrics:   
 
lih dielectrics:  , ,  
 

 
Magnetic 
materials: 

 
  H = B/µ0 – M 
  
  lih magnetic materials: ,  
  ,  

Quasi-static 
situations:                

   
Electrodynamics:  

  
Poynting’s 
theorem:           
The Lorentz 
gauge:   
The wave 
equation:                      

 

 
 

 
Electromagnetic 
radiation:    

 
Larmor 
formula:  

   𝑃𝑃 = ∮𝑆𝑆 ∙ 𝑛𝑛�𝑑𝑑𝑑𝑑 = 2
3
𝑒𝑒2𝑎𝑎2

𝑐𝑐3
 = q2a2/(6πε0c3) 

4-vectors:  jµ = (cρ,j) = 4-vector current,   Aµ = (φ/c,A) = 4-vector potential 
Transformation 
of the fields: 

 E'|| = E||,  B'|| = B|| , E'⊥ = γ(E + v×B)⊥, B'⊥ = γ(B - (v/c2)×E)⊥   

Lorentz 
invariants:  

 E2 - c2B2, (E⋅B)2  

  



Quantum Mechanics 

WKB 
approximation:  ∫ pdx = ∫ kdx = (n + 1/2)h,  k2 = (2m/2)(E - V(x)),  

V(x) finite everywhere.   
 
In regions where E > V(x) we have  
φ(x) = Ak-1/2exp(±i∫x k(x')dx'),  
 
and in regions where E < V(x) we have  
φ(x) = Aρ-1/2exp(±∫x ρk(x')dx'). 

Harmonic 
oscillator:  

  

 
 

 
 

 
Angular 
momentum: 

[Ji,Jj] = εijkiJk,  [Ji,J2] = 0, J2|k,j,m> = j(j+1)2|k,j,m>,  
Jz|k,j,m> = m|k,j,m>, 
J+ = Jx + iJy,  J+ = Jx - iJy,   
J±|k,j,m> = [j(j+1)-m(m±1)]1/2|k,j,m±1> . 

Orbital angular 
momentum: 

  

  

     
 

 
 

 
 

 
 

Spin 1/2: 

      
 

     . 
 
 



Particle in a 
central potential: 

H = -(2/(2m))(1/r)(∂2/∂r2)r + L2/(2mr2) + V(r), 
 
ψklm(r,θ,φ) = Rkl(r)Ylm(θ,φ) = [ukl(r)/r]Ylm(θ,φ), 
 
[-(2/(2m))(∂2/∂r2) + 2l(l+1)/(2mr2) + V(r)]ukl(r) = Eklukl(r). 

Stationary 
perturbation 
theory: 

E1p = <φp|W|φp>,  |ψp1> = Σp'≠p,i bp'i|φp'i > ,  
where bp'i = <φp'i|W|φp>/(E0p - E0p'), 
 
E2p = Σp'≠p,i |<φp'i|W|φp>|2/(E0p - E0p'). 

Time-
dependent 
perturbation 
theory: 
Fermi's golden 
rule: 

Pif(t) = (1/2)|∫0texp(iωfit')Wfi(t')dt'|2 

Let W(t) = Wexp(±iωt),  
then w(i,βE) = (2π/)ρ(β,E)|WEi|2δE-Ei,ω,  
where WEi = <φE|W|φi>. 

Scattering: Asymptotic form: φk(r) = exp(ikz) + fk(θ)exp(ikr)/r. 
fk(θ)  =  (1/k)Σl=0∞(2l+1)exp(iδl)sinδlPl(cosθ),   
dσk/dΩ =|fk(θ)|2 = (1/k2)|Σl=0∞(2l+1)exp(iδl)sinδlPl(cosθ)|2. 

σk
B(θ,φ) = σk

B(k,k') = [µ2/(4π24)]|∫d3r' exp(-iq⋅r')V(r')|2,  
where q = k - k', k = µv0/, k' = µv0/ (k'/k'),  
and is the reduced mass. 

 



Vector identities: 
Note: A, B, C, and D are vectors. 

 
 

 
 
Note: A and B are vector fields, ψ and φ are scalar fields. 

 
 

 
 

 
 

 
 

 
 

 

Integral relations: 

 
Divergence theorem 

 
Stokes’ theorem 

 
Green’s first identity 

 
Green’s second identity 

 



Gradient, divergence, curl, and Laplacian: 
Note: A is a vector fields and f is a scalar fields. 
Cartesian coordinates: 

 = 
 

 = 
 

 = 
 

∇2f = 
 

Cylindrical coordinates: 

 = 
 

 = 
 

 = 

 
∇2f = 

 
Spherical coordinates: 

 = 
 

 = 
 

 = 

 
∇2f = 

 
 


	Integral relations:

