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BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations
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Anxiliary Fields
Definitions Linear media :
D=gE-+P P =X, D=¢cE
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Potentials
E=-—VV--a—é, B=VxA
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Energy, Momentum, and Power
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VECTOR IDENTITIES

'I‘fiﬁlc Products

D ABxO=B(CxA)=C.AxH

@) Ax{BxC)=BA C—CA-F)

Product Rules

3 Vg =H{Vg)+g{VN)

@) VAB=Ax{VxB+Bx(VxA) +A- B+ @. V)4

&) V. (fA)y=FIV-A)+A- (VS

® V-(Axi;):ﬂ»(VxA)'—A.(Vxn)

() Vx(fA)y=f(VxA)-Ax(V])

) Vx{AxB=(B-V)A—(A- V)B4 AT - %)~ B(V - A)

Second Derivatives
© V. (VxA) =0
(1) ¥x(Vf)y=0.

(1) Vx(VxA)=V(V-A) P24

FUNDAMENTAL THEOREMS

Gradicnt Theorem :

LD di= f®) - fa)

Divergence Theorem :  f(V - Addr = FA da

Curl Theorem :

SV XAy -da=gA. dl

FUNDAMENTAL CONSTANTS

e = 8.85x1072C2Nm?

(penmittivity of free spuce)
o = 4w x 1077 N/AZ {permeability of free space)
e = 3.00%10%m/r (speed of light)
e = L60x10719C {charge of the electron)
moo= 9l x Mg {mass of the electron}
SPHERICAL AND CYLINDRICAL COORDINATES
Sphericat )
x = rsinfcosg i = sinfcos¢f+cosdcosdd —sin p g
y = rsinfsing § = siésin ¢4 cosOsin g8 +cosgd
z = roosd £ = cosff—singd
ro= m;z“rz“i P o= sinfcosgR+sinfsing§ +cosPz
6 = anm /x4 yi) 6 = cosfros¢i-beosbsing§~singi
¢ = tan(y/x) ¢ = ~singR+4cosgd
Cylindrical N
| x = scosg o= cosgS-singg
T8y = ssing § =. singb+cosgd
z o= 7 F = z
s o= oJxlyl § =  cospR-l-singd
¢ o= tan~l(p/x) ¢ = —singitcospy
7 = 7 i = i




{Juestion 1:
A charged annulus with inner radius a and outer radius b spins with frequency © about its
center. The annulus has uniform surface charge density o,.

a. Iind the magnetic dipole moment m of the annulus,

b. What is the vector potential A and magnetic field B for r > b, where r is the distance
to the field point?

c. Find the B along the z-axis, the symmetry axis of the annulus, valid for all z. ¥ind the
radial component of B for points just off of the z—axis.
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Question 2:

A long, cylindrical beam of protons moves down an evacuated pipe with speed v. The
beam has cylindrical radius B and the protons are distributed uniformly in the beam with
charge density p,.

a. Find the magnetic field B.

b. Find the Lorentz force per unit len gth felt by the beam. Does the Lorents force act to
focus or defocus the beam?

¢. Find the equation-of-motion for the beam includin g both the electric force and the
Lorentz force. For what speed v do the electric and magnetic forces cancel each other?







Question 3:

A circular wire loop of radius @ and current 1., is placed at the midpoint of the axis of a
solenoid of radius R and length L. The axis for the wire loop makes at angle ¢ with the
axis of the solenoid. The solenoid coil carries current Is and is wound with N coils per unit
length.

a. Find the field on the axis of the solenoid. Ignore the contribution of the wire loop to the
field.

b. If the location of the center of the loop is fixed at the midpoint of the solenoid (but is
free to rotate), what is the torque on the wire loop? Draw a sketch indicating how
the wire loop moves and its orientation when it is in a stable equilibrium. Include B
and the coordinate system on your sketch. Let [, — oo, that is, consider an infinite
solenoid. The wire loop does not have angular momentum.

c. If the loop is rotated to ¢ = 0° and tranlsated to z = 2, > 0 and then released, does it
return to the midpoint of the solenoid or does it move away from the midpoint of the
solenoid? For this part, use the B—field for the finite length solenoid.
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