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0.1 Chapter 3 — Electrostatics
0.1.1 Coulomb’s Law
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0.1.2 Dipole Moment Definition
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Figure 1: Geometry of a dipole

Force on a dipole due to a monopole:

. hsTl

F=(p-V)

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

E = W(Q COS 072 + Sin 99)

Torque on a dipole:
F=pxE

Potential associated with a dipole p’

1 p-f
Vi = — 21
dip 4dmeg 12

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



0.1.4 Separation of Variables

In a region of no charge density p = 0 then the laplacian of the potential is zero

-2
V V=0
Assume a solution

V(z,y,2) = A(z)B(y)C(2)

then

A"(2)B(y)C(2) + A@)B"(5)C(2) + Alw) B)C"(y) =0
A'@) | By | C')
Alz) " Bly) | C(2)

Ci+Cy+Cs =0

=0

See Figures 4, 5 and 6.

0.2 ODE Solutions

d’Y 2 2 2
y' =Ry =Ry=1

Y (y) = Crefy + Coe™ kY

If you have R = ik (i.e. R? = —k?) then you use a general solution :

Y (y) = Cy sin(ky) + Cs cos(ky)

0.3 Chapter 5 — Magnetism

Force on a moving charge due to a magnetic field:
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Figure 4: Separation of Variables part 1
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ODE Solutions
Ao+ WAOz0 re R

Case 11 <o
Ax): acosh(3 )+ b sinh (J5 x) (a,p) € R
S=-
Case 9: Q=0
A= axt b L

ACH: acos(i N + bsin(¥X x)

Figure 6: ODEs useful for the Uniqueness Theorem



Continuity equations :

- o dp
VJ=——
dt
for magnetostatics vV-J=0.
0.3.1 Biot-Savart Law
=, Mo f>< 7 ,
B = —
(") 4 7|2
_ uo/ff(ﬁ')xfda,
AT |2
T N
_ Mo J() x U
47 ]2

0.4 Magnetic Maxwell’s Equations

6X§: ,uoj
V-B = 0
/(ﬁxé)-da’z $B-dl
= o[ J-dd

SO jgé cdl = polene (Ampere’s Law)

0.4.1 Electric Maxwell’s Equations

/E -da = Qene (Gauss’ Law)
€

VE = £
€0

VxE =

Magnetostatic Vector Potential:



0.4. MAGNETIC MAXWELL’S EQUATIONS

Definition of the Vector Potential:

A= e [ I av

L K ) / l
fl:) f ‘5“ ) !

I dl/

Ko f m

Dipoles:

m:I/da:I(area)

Homm
4mr3

édip (") = (2 cos 07 + sin 9@)

0.4.2 Cyclotron Motion

mv2

Radius

QuB =
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Figure 7: Infinite Solonoid Problem



0.4. MAGNETIC MAXWELL’S EQUATIONS

-
1)
B
S g .‘ e}\\ S
i
Bz ol (Sing,- 5iad)
4ars
2)
98
,Zf
= P Z
s g deede - _H.
/ A o2 312
P < (W7 )
o~ £ \
-~ |
-~y
3 ol A
Selenoid: B - iﬂarJz inside
Q Outside
Z
| = A
e | K=k% . Sheet of charge
I £
] = - "
- B {(ﬁom kS
i ) —C,L«,ulz\,‘:f %
4

Figure 8: Current Geometries and B-field Solutions.
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