Physics 218, Spring 2004

" Here’s a laundry-list-like

. reminder of the contents of the &

= second half of the course:

O Retarded potentials and
radiation by time-variable

4| charge distributions

3 _ Q Pathlength differences and
diffraction

0 Electrodynamics and the
special theory of relativity

A Left and right panels from “The Garden
of Earthly Delights,” Hieronymus Bosch, [&
c. 1504.
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Generally useful math facts

Q Divergence and delta ¥ =7 -7/, j53 (ryde=1=
function %

Q Trig identities cos(a+ ) =cosacos fFsinasin f:
Q Solid angle dQ =sin0dodg , Q= na®,a <1

V4 2z
Q:Jsinadaj dg=4r
0 0

~
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Generally useful math facts (continued)
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Generally useful math facts (continued)

28 April 2004

. © @
QA Fourier transforms, f(x,y)fi .[ _[ F(s i) g
2-D 27 2 2
X
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2z
oo
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Retarded potentials and radiation

O Retarded potentials and ~ #, =t—+#/c
retarded time

0 Retarded potentials and J' (r',t- ’L/ ¢
the Lorentz gauge

U Retarded potentials as v
solutions to the A(r,t)= 1 J' J(r' t—vfc)dz’
inhomogeneous wave *
equation
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U Retarded potentials
for an oscillating
electric dipole

Arad =

Retarded potentials and radiation (continued)

= ZMCOMJ(FI)
2r c

—27p0wcosgsina)(t—l
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O The far field Far field: r > A>d
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Retarded potentials and radiation (continued)

2 .
O Radiated fields Erq = —épowizmgcosw[t —EJ
c

and intensity for rc
an oscillating - pow” siné r
electric dipole Brag =— 2 cos ‘U( t— *)
2
2 . 2
(s) :L[POZ) ] [sm&j PR
87 C T
2 4
(=25

0 Total scattering 33

cross section of a 3 6.2 4
R . 47\ a w

dielectric sphere Py ,tered = Oscll » Osc :2(7] b X

3 o4
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Retarded potentials and radiation (continued)

O The color and Electric dipole with py <> my ,
polarization of the E < B, B &> —E = magnetic dipole:
sky; reddening in 104 moa? si N
4 _ _ myw” sin@ r
sunsets and E( J)**;E—icz —— Cosw[f**jqﬁ

interstellar clouds

2 .
_ _ mpw” sinf "4
0 Demonstration of the B(r)=VxA=- 2 Cosw(t_fje

wavelength and 22 o2
polarization <5>:L(”'0;" ] (ﬂj P-
dependence of 8z{ ¢ r
Rayleigh scattering <Smag> b2

0 Magnetic dipole (Setec) :[*) <1
radiation
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Retarded potentials and radiation (continued)

U Multipole expansion for ()= Q,; p(t-r/c) . p(t-r/c)
the potentials in radiating T 2 rc
systems A(r 1) ;l’.’

0 Radiation field in the e
dipole approximation Epaq (1,t)= % sind

;
U Radiation by accelerating °
p siné

charges: the Larmor Brad - [
formula 2 . 2

S,iﬂSIH (25 P:EL

47[ C3 T’Z ! 3 c
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Retarded potentials and radiation (continued)
0 Problems with moving x#r—r':instead,
charges v=r-wlt,)
U Motion, snapshots and
lengths V(r,t)= +
0 The Liénard-Wiechert " (1 - v]
potentials ¢
U Fields from moving A(r,t)= .9
charges ¢ 4(1_1,2,1,}
c
=2V (1)
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Retarded potentials and radiation (continued)

0 Fields from moving

-1 |:(c2 —vz)u+»¢x(u><a):|

charges. - (2 u)3

0 The generalized —E-+E
Coulomb field and . GC ™ Trad
the radiation field. B=x«xE

U Example: radiation S qzaz sin?@
= i

by electnlc charge 4rc® 42
accelerating from 20
A 2q°a
rest, a rederivationof p-2 3
the Larmor formula. 3 ¢
2 2
dP a .
(—J _1e 3 sin2 @
aQ v<c 4nc
28 April 2004 Physics 218, Spring 2004 11

Retarded potentials and radiation (continued)

0 Relativistic charges and dp 7 [ix(uxa)]z
the generalized Larmor (Ejmmg 4 4z (i-u)
formula

2 2
2 6| 2 (v
Pemitted :g%f {ﬂ —(;X“] }

O Bremsstrahlung ( ap j _ P sin6
AQ Jemitted B 47c3 (1 —ﬂcos&)s
2 q2u2 6
p, =21
b=3" 57

O = 1=/ (ifB>1)

2
(PR pse 1 ( 8 ]5 "
(dp/a) 45
max,v<c
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Q Synchrotron radiation [ dP ] e 1

U Radiation reaction Q

Retarded potentials and radiation (continued)

4zl (1-Bcoso)®
Q The Abraham-Lorentz i (1 - ﬂz)sinz 6cos® ¢

formula; radiation

reaction force
2

)

Q Radiation reaction: a po21 e
fundamental 8
. . 2
inconsistency of £ - 24,
. rad = 34
electrodynamics. 3¢

0 Runaway solutions and
acausal
“preaccelerations.”

47c® (1-Bcos 9)5
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Diffraction
Q Fields as sources of dEp = Ealx’,y")da’ (i(kz-ot)
radiation: Huygens's F 7
principle.
0 The Kirchhoff integral:
“the far field is the Fourier
transform of the near
field.”
M k)
Ep(kx,ky,t):;:[cg[oEN(x,y,t)e dx'dy
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Diffraction (continued)
Q Circular-aperture 2 42
EnoA
diffraction and the Airy Ir(0)= N (; 5
pattern 874°r 5
Q Circular obstacles, and 2], (ka6)
Poisson’s spot. Ig (kab) = I (0){ ka6
A
=1.22=
& D
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Diffraction (continued)

O The facts about rainbows,
and the short explanation

of all the facts oY o-_h 2

O Brief survey of the history <0 r?
of the study of rainbows o1 y
sin@’' =—sinf =——

=

U The geometrical optics of nr
raindrops Yo ==12-3n2
. . 3
0 Dispersion and the color AO=260-40'+ 7
of rainbows y y
U Brewster’s angle and the =2 arcsm(?] ~daresin [;) *
polarization of rainbows

T
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Diffraction (continued)

O Supernumerary arcs
0 Caustics and diffraction
O Airy’s theory of the rainbow and the supernumerary arcs

2
2/3
B (347 z 3
= > I cos—(gw—w )dw
8z1°R*\ 4h q 2
rop
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Electrodynamics and special relativity

0 Relativity and the four

2
basic areas of physics L= 1_(3) = LLO ,L =Ljo
H c y
A
At = Ao 7ty

relativity

2
U Brief review of the basics 1- (3)
of the special theory of ¢

x'=y(x-vt) ,
y'=y , 7=z,

vx
t'= 7(t——j
2
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Electrodynamics and special relativity (continued)

=0 0
Q The Lorentz x y -y 0 0¥
transformation and four- 7l By 00 51
vectors = 0 0 1 0 2
Q Scalar products of four- x x
vectors, and Lorentz 72 0 0 01 2
invariants
0
a
1
a
at = ,a :(—ao b a2 a3)
2 H
a
p
a,b” =a,b”
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Electrodynamics and special relativity (continued)

Q The Einstein summation I=Ax, Ax# = -2 A1 +d?
convention 2 okt

QO The Minkowski invariant dr = dt, 1’67 ot = i
interval dx u

Q Proper time and four- TaT T
velocity 1-=

0 Four-momentum and the 2= at_ ¢

relativistic energy ar \/7 =uc
1-2
2
C

E
po=mp’ == p=my

— — " 2
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Electrodynamics and special relativity (continued)
U Newton’s laws in
. dv _dp mu
relativity F=m—=— ,p=———or
dt dt 1-u?)c2
O The Minkowski force K= dp = at dp = #F
dr dr dt 1—u2/62
0
KO:dL: d E = K”:ﬁ
dr  drec dr
vist = - 1
O Relativistic ‘ F=F,F=-F
transformation of V4
forces
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Electrodynamics and special relativity (continued)

O Relativistic transformations of E and B.

«=E. . E,=y(E,-BB.) , E.=y(E.+pB,)
B

. By=r(B,+PE;) , B.=y(B.-pE,)

E =E , E =y(E +8xB)) ,
BB , By =y(BL-pxE.)
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Electrodynamics and special relativity (continued)

0 The electromagnetic field four-tensor.

OO P01 p02 p03 0 E E E
v _ FTO Fﬂ Flz FTS _ ’Ex 0 Bz ’By
F20 p2l p2 23 -E, -B, 0 B
30 p31 32 33 -E, B, -B, 0
=oHA” -3 A¥
0 B B, B
o - -B, 0 -E, E
-B, E. 0 -E
-B, -E, E. 0
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Electrodynamics and special relativity (continued)

0 Charge and current u_ u_
densities, the Maxwell Jo=(ep.]). 0ul" =0
equatif)ns, and the Lorentz 8, FH = 4r J*,0,G =0
force, in tensor form c

0 The four-potential and H =D puv
gauge transformations c
0 The relativistic analogue A*=(V,A),8,A" =0
of the inhomogeneous 4x
wave equation for 0% A% =,0"A# =224
potentials. ¢
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