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0.1 Chapter 3 – Electrostatics

0.1.1 Coulomb’s Law

~E(r) =
1

4πε0

∫
r̂

r2
ρ(r′)dτ ′ (1)

0.1.2 Dipole Moment Definition

~p =
∫

~r′ρ(~r′)dτ ′ (2)

Figure 1: Geometry of a dipole

Force on a dipole due to a monopole:

~p = q~l (3)
~F = (~p · ~∇) ~E (4)

(5)

where ~l is the direction vector from the negative to the positive pole.
Electric Dipoles (see Fig 1):

~E =
P

4πε0r3
(2 cos θr̂ + sin θθ̂)

Torque on a dipole:
~τ = ~p× ~E

Potential associated with a dipole ~p

Vdip =
1

4πε0

~p · r̂
r2

0.1.3 Uniqueness Theorem

See figures 2 and 3.
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Figure 2: Uniqueness Theorem part 1
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Figure 3: Uniqueness Theorem part 2
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0.1.4 Separation of Variables

In a region of no charge density ρ = 0 then the laplacian of the potential is zero
~∇

2
V = 0.
Assume a solution

V (x, y, z) = A(x)B(y)C(z)

then

A′′(x)B(y)C(z) + A(x)B′′(y)C(z) + A(x)B(y)C ′′(y) = 0 (6)
A′′(x)
A(x)

+
B′′(y)
B(y)

+
C ′′(z)
C(z)

= 0 (7)

C1 + C2 + C3 = 0 (8)

See Figures 4, 5 and 6.

0.2 ODE Solutions

d2Y

dy2
= k2Y → R2 = k2 (9)

y′′ = R2, y′ = R, y = 1 (10)
Y (y) = C1e

ky + C2e
−ky (11)

If you have R = ik (i.e. R2 = −k2) then you use a general solution :

Y (y) = C1 sin(ky) + C2 cos(ky)

0.3 Chapter 5 – Magnetism

Force on a moving charge due to a magnetic field:

~Fmag = q(~v × ~B) (12)
~F = Q( ~E + (~v × ~B) (13)

Magnetic forces depending on the current geometry:

~F = I
∫

(d~l × ~B) ~I = λ~v (14)

=
∫

( ~K × ~B)da ~K = σ~v (15)

=
∫

( ~J × ~B)dV ~J = ρ~v (16)
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Figure 4: Separation of Variables part 1
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Figure 5: Separation of Variables part 2
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Figure 6: ODEs useful for the Uniqueness Theorem
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Continuity equations :

~∇· ~J = −dρ

dt

for magnetostatics ~∇· ~J = 0 .

0.3.1 Biot-Savart Law

~B(~r) =
µ0

4π

∫ ~I × r̂

|r|2
dl′ (17)

=
µ0

4π

∫ ~K(~r′)× r̂

|r|2
da′ (18)

=
µ0

4π

∫ ~J(~r′)× r̂

|r|2
dV ′ (19)

0.4 Magnetic Maxwell’s Equations

~∇× ~B = µ0
~J (20)

~∇· ~B = 0 (21)∫
(~∇× ~B) · d~a =

∮
~B · d~l (22)

= µo

∫
~J · d~a (23)

so
∮

~B · d~l = µ0Ienc (Ampere′s Law) (24)

(25)

0.4.1 Electric Maxwell’s Equations

∫
~E · d~a =

Qenc

ε
(Gauss′ Law) (26)

~∇· ~E =
ρ

ε0
(27)

~∇× ~E = 0 (28)

Magnetostatic Vector Potential:

~B = ~∇× ~A (29)
~∇· ~A = 0 (30)

~∇
2 ~A = −µ0

~J (31)
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Definition of the Vector Potential:

~A(~r) = µ0
4π

∫ ~J (~r ′)
|r| dV ′ (32)

= µ0
4π

∫ ~K(~r ′)
|r| da′ (33)

= µ0I
4π

∫
d~l ′

|r| (34)

Dipoles:

m = I

∫
da = I(area) (35)

~Bdip(~r) =
µ0m

4πr3

(
2 cos θr̂ + sin θθ̂

)
(36)

0.4.2 Cyclotron Motion

QvB =
mv2

Radius
(37)
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Figure 7: Infinite Solonoid Problem



0.4. MAGNETIC MAXWELL’S EQUATIONS 11

Figure 8: Current Geometries and B-field Solutions.


