
Equations of Physics 321 - Electrostatics 
 
You should know these equations, the relations between them, and their derivations. 
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Other derivatives and identities will be given in the exam if needed. 

Point charge q at rk :   ( )kqρ δ 3( ) = −r r r    2

ˆ
( ) .

4 r
δ

π
3 ⎛ ⎞= ∇ ⎜ ⎟

⎝ ⎠

rr      ( )
4 k

qV
πε0

=
−

r
r r

     3
( )( )

4
k

k

q
πε0

−
=

−

r rE r
r r

     

Charge distribution:   3
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Electrostatic energy:  3 2 3 3
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State and understand the uniqueness theorem for Dirichlet and Neumann boundary conditions. 
Image of point charge q at r1 in the conducting plane z = 0 is –q at –r1. 
Image of point charge q at r1 in the neutral conducting sphere r=R  is 1/q qR r′ = −  at r2 = (R/r1)2r1   and q′−  at r = 0. 
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Dipole moment: 3)d rρ= (∫p r r     potential of dipole:  2
0

ˆ.( )
4dipV

rπε
=

p rr    = 2
0

cos
4
qd

r
θ

πε
  for   (-q)   d   (q) 

 

For fixed dipole in E-field,   Energy: U = -p.E      Force: ( . )U= −∇ =∇F p E      Torque: N = p × E  
 

Polarizability of molecule: p = αE   α = 4πε0×(characteristic volume)           D = ε0E + P     . bρ∇ = −P      ˆ. bσ=P n   

Linear dielectric:   P = χε0E   D = (1+χ)ε0E = εrε0E    2
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Boundary conditions between dielectrics:  1 2 1 2E E V V= → =     and   1 2
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Conductor corresponds to rε →∞          Parallel plate capacitor: C = εrε0A/d  

Force to move piece of dielectric out of capacitor  =  
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