Electricity and Magnetism |: 3811

Professor Jasper Halekas
Van Allen 301
MWF g:30-10:20 Lecture




Announcements
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Announcements

Final Wednesday 12/18 12:30-2:30 inVan 301
The eternal question: Donuts or cookies?

Final Equation Sheet posted
Annotate as desired and bring to exam

Final exam from last year (and solutions) posted

Please fill out course evaluations
Response rate so far: 10/23 - not bad but still time for more!

Extra Office Hours Next Week

Monday gam-12pm, Tuesday 12pm-2pm



Final Exam Detalls

Final exam will have 8 questions covering
material from Ch. 1-6 of Griffiths

No problems specifically on Ch. 1 - but most
problems require the use of concepts or
mathematical techniques from Ch. 1

Approximate distribution of points:
62 points electrostatics
38 points magnetostatics



Position and Source Coordinates

Position & Source: Position vector 7, source vector 7', separation vector Ar = 7# — 7'




Fundamental Theorems of Vector

Calculus
Fundamental Theorems of Vector Calculus:
[;Vf-dl=f(b) - f(@ [V-Adr=$A-da [(VxA)-da=§A-di
grad 7

J > 6B
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The Right Coordinates for the Job

Cartesian Coordinates:  di = dx% + dyy + dzz dt =dx dydz
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Spherical Coordinates: x =r sinf cos¢, y = r sinf sing, z = r cos@

dl = dr# +rdB68 + rsinf dpd  dr = risinf dr d6 do

a ~ 1 af 2 + 1d(r3a 1 d(sind A 1 0dA
vf = o 15, o Ve A = L2074 ( 8) ¢
ar rde r sinf d¢ r2  or r sin@ a6 rsing d¢
- 1 A(stnB Ag) dAg\ . 1/ 1 dA Ar Ag)\ = ArA A\ =
UxA = ( ®t _ 8) ___( r_ 0)9 (( 9) r)¢
r sin@ a6 ¢ r \sinf d¢ ar ar a6

= 12 (pa20) LD (00, 10
v f_rzi.)r T or +r 25in8 20 sin +rzstn280¢3

Cylindrical Coordinates: x = scos¢, y =ssing, z=z
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Dirac Delta Function

Dirac Delta Function: [ §°(7 — @) dt = 1 if @ contained in volume, § 3@) =1v. (A—r)

AT Ar?
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Special Functions

Irrotational Function (e.g. Electrostatic Field): VXE=0 E=-W gﬁf dl=0
Solenoidal Function (e.g. Magnetostatic Field): V- B=0 B=VxA ﬁﬁ da=0
(@ T (b) -




Fields from Direct Integration

L [2DRr da', E() = AT Ar dl

Electric Field: E (7) = f & (r') Ardt,E(#) = p— : f Ar2
0

(rl)x Ard ' §(T:) uofK(rr)xArd B( )_ uofl(rr)xAr
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Magnetic Field: B(#) = ”°f]
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Exploiting Symmetry

Gauss’s Law: § E - da = Qunc/0, V-E = p/eo,

Ampere’s Law: §§ dl = Holenc, UXB = uof,
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Potential Theory

Electric Potential: V (7) = #I%dr’, V() = if "2’;’) da', V(i) = — fz(r')dl'
0 0

41T e Ar

E=-w, V(b)-V(@d) = —ja’."E:’ -dl, V2V = —p/e,

Magnetic Vector Potential: A(7) = £2 = ! (r')d AGF) = Eof K(r')d VA@) = - ’(r')dl'
B=VxA, V-A=0&V2A= —p,f (Coulomb gauge)
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Laplace’s Equation

Laplace’s Equation: V2V = 0if p=0, VZA=0if /=0

dx _ C da’y _ d?z _ _ -
dxz - IX' dy2 - CZY’F — C3Z, CI+CZ+C.?'0; V[xl ,Z) -X(X)YOJ)Z[Z)

Separation of Variables:

B
rl+1

Separation of Variables (Spherical): V(r,8) = 3¢ (4, + %) P(cos6)

PolcosO) = 1

Py(cosB) = cosB
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Multipole Expansion

Multipoles: V() = T 20 rn“f(r B, (cosa)p(Fdt!, A[) = ”—°l [(")"By(cosa)dl’

0 rn+1




= p/volume

P
M

= m/volume

Orbital magnetic | 4
Spin magnetic

moment
moment
Nucleus © <> Spinning
electron

Orbital of electron
orbiting nucleus



Fields iIn Matter

Amperian
_~~ current




Linear Media

—

= ¢F = (1 +Xe)£OE = &,.&F

Linear Materials: P = EoXe E,
uH = (1 + ym)uoH
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Boundary Conditions: AV

.....
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(b) H-field

(a) B-field

(c) M-field



Miscellaneous

Continuity: V- f = —% (=0 in electrostatics/magnetostatics)
Lorentz Force: F = Q(E + 13x§), On Wire: ﬁmag = fl(axﬁ)

0 102 3
Work and Energy: W = QAV, Weoctrostatic = %J’Ezd‘l’ ) Welec+polarization = ;f E-Ddr



