Today in Physics 218: review 11

-+ Here'salaundry-list-like

. reminder of the contents of the
second half of the course:

d Retarded potentials and
radiation by time-variable
charge distributions

[ Pathlength differences and
diffraction

d Electrodynamics and the
special theory of relativity

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

A Divergence and delta xt =71 —7, j53 (r)dr=1=

function 1%
v 1 % 3
V;:_Z P V—2=47Z'5 (’t)
" "
a2l
" % " "

d Trig identities cos(a+ f)=cosacos fFsinasinf:
Q Solid angle dQ =sin0dod¢ , Q = ma”,a < 1

T 27
Q:jsinedej iy
0 0
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Generally useful math facts (continued)

4 First-order
approximations

sinx:i(—l)i L :x_£+i_,..;x
<V ir1)l T 6 120
o i 2 4
AN | e e
o l.:zo( TR T
tanx_i22i+z(22i+2_1)Bix2i+1_x+£+£
o (2i+2)! 3 15
00 L2141 3 5
arctanx = (—1)1x_ —x— i =y
0 2i+1 3 5
o i 2
xzzx_—'=1+x+x—+ ~1+x
i=0
00 e 2 3
In(1+x)=3 (1) T —=x-2 42 _ =x
2 i+1 2 3
o0 ‘ 1
(1+x)n:2, n xl:1+nx+n(n )x+...;1+nx
=il(n—i)! 2
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Generally useful math facts (continued)

Q Fourier transforms, 17 ~i(xs+yt)
D fx,y)= E_J;O __[OP(s,t) e dsdt
F(s,t)= L T T f(x,y)ei(xs+yt)dxdy
27 A
d Rayleigh’s theorem [ ] ‘f(x,y)‘Z dxdy = [ | F(s,t)|” dsdt
. . | o
1 Bessel functions T, () = [ ellmosucose)
" 2 3
i[um] (u)J:um] _1(u)
dl/[ m m
u
W (1) = [ 0" ]y (o)
0
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Retarded potentials and radiation

0 Retarded potentials and ~ t, =f—#/c
retarded time

 Retarded potentials and
the Lorentz gauge

p(r',t—/c)dr’

2

V(rt)=

J Retarded potentials as

AR <=

solutions to the A(r,t)
inhomogeneous wave
equation

J(r', t—x/c)dr’
I ( )
'
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Retarded potentials and radiation (continued)

d Retarded potentials V=2 po cosd oS a)( { _ﬁj
for an oscillating 742 C

electric dipole
P —2p0zcosesina)(t—£j
re

C
— Vnear + Vrad

powsinfsinw(t—r/c) 5

Arad =
rc
_ po@cosfsin a)(t—r/c) ;
rc
4 The far field Far field: r > A > d
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Retarded potentials and radiation (continued)

7 .
0 Radiated fields ~ E,q =420 " 0 s w(t _1)
and intensity for re C
an oscillating PO W% sind -
electric dipole —¢ Cosw| t——
r c
2
2 : 2
(s)— c (Pog) } (sm@j N
Y/ C r
poo’
o (D)=
[ Total scattering 3

cross section of a

A 3 516 Z2 4
dielectric sphere P, ttered = Oscl] » Oor = 2( 3 j Z
C
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Retarded potentials and radiation (continued)

1 The color and Electric dipole with py <> my ,
polarization of the E <> B, B <> —E = magnetic dipole:
Sky; reddening in F ~10A moa)2 sin @ ; ra
sunsets and (rt)=———= 2, ety ¢

interstellar clouds

d Demonstration of the
wavelength and AN
polarization (S) = ¢ [mow j (Smej L,
dependence of
Rayleigh scattering <5mag> b2

d Magnetic dipole (Selec ) (_j <1
radiation

2.
B(r,t):VxAz—mow Sm@cosa) t—i 7
C2 r C
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Retarded potentials and radiation (continued)

d Multipole expansion for V(r )= Q.. p(t-r/c) s p(t—rjc)
the potentials in radiating Ty r2 rc
t 1.
5YS ems . . A(r,t)=z—p
1 Radiation field in the r©o )
. . . sinv ;
dipole approximation Eq (7, t)= Cﬁz 0
J Radiation by accelerating .
p siné -
charges: the Larmor Brag = 2, ¢
formula 2 . 2 )
Szlp sin 49? P:EP—
47 B 2 3¢
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Retarded potentials and radiation (continued)

4 Problems with moving w#r—r :instead,
charges w=r-wl(t,).

d Motion, snapshots and
lengths V(rt)= ql

d The Liénard-Wiechert 2 (1 -1 vj
potentials ¢

4 Fields from moving A(r,t)= 9 q
charges ¢
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Retarded potentials and radiation (continued)

4 Fields from moving po_ 1" [(CZ _vz)u+'t><(u xa)}

charges. (v u)3
d The generalized LA E
Coulomb field and “GC T Prad
the radiation field. B=xxE
J Example: radiation S q2a2 sin” @ .
by electric charge T agd 2
accelerating from 7
rest, a rederivationof p— 244
the Larmor formula. 3 ¢
2 2
(d—Pj 17 _sin%¢
a2 v<e 4rm C3
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Retarded potentials and radiation (continued)

 Relativistic charges and AP g> [ix(uxa)]z
the generalized Larmor (d_Qjemitte L 4z (iu)
formula

2 . 2
0 Bremsstrahlung ( 4ar j _qa sin” 0
emitted,B

dQ) A7cd (1—,8(:050)5
2q a’

PB _5 C3 7/
1_ﬂ (if B —>1)

P

max,v<c
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Retarded potentials and radiation (continued)

O Synchrotron radiation ( AP j g%a’ 1

d Radiation reaction dQ) 4z’ (1- Beoso)’

d The Abraham-Lorentz o (1_ ,Bz)sinz 0cos? 4
formula; radiation P - e
reaction force 27[2 (1= cos0)

1 Radiation reaction: a p_21 g =
fundamental 3 ¢ .
inconsistency of E = 29 .
electrodynamics. AR

d Runaway solutions and
acausal
“preaccelerations.”

28 April 2004 Physics 218, Spring 2004 13



Diffraction

Ealx’,y)da ;

[ Fields as sources of JE, —
radiation: Huygens's F
principle.

d The Kirchhoff integral:

“the far field is the Fourier
transform of the near

field.”

’ o0 0O
ezkr

Ep (ky ky t) = —

—00 —00

J j Eyn (x',y’,t)e_i(

e
7

kxx’+kyy')

(kz-oot)

dx'dy’

28 April 2004 Physics 218, Spring 2004

14



Diffraction (continued)

d Circular-aperture CE2. A2
diffraction and the Airy Ir(0)=—X % 5
pattern STA”T

Q Circular obstacles, and - 2] (ka8
Poisson’s spot. [p (kad) = I (O){ kal

6, =122
D

>T
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Diffraction (continued)

1 The facts about rainbows,
and the short explanation

of all the facts Y 2
. . sinf) == , cosf =— 1——2
[ Brief survey of the history r r

of the study of rainbows . = 1 . y
sin@’ =—sinf = —
d The geometrical optics of n nr
raindrops Yo = %\/ 12 -3n?
U Dispersion and the color AD=20—40' + 7

of rainbows
= 2 arcsin (lj — 4 arcsin (lj + 7

d Brewster’s angle and the . i

polarization of rainbows
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Diffraction (continued)

[ Supernumerary arcs
J Caustics and diffraction
d Airy’s theory of the rainbow and the supernumerary arcs

I CE(% 3Ar? 43 T 3\ 4
=227 | 4 j Cosz(gw—w ) w

drop
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Electrodynamics and special relativity

 Relativity and the four r
basic areas of physics L= \/1 _(Ej _ o L, =L,
C /4
At = At() > = ]/Ato
(] Brief review of the basics \/ 1- (Uj
of the special theory of ¢
relativity '=y(x—vt) ,
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Electrodynamics and special relativity (continued)

(=0 [ 0)
d The Lorentz X0 y —y3 0 0 xV
transformation and four- 71 B 7y 0 0 o1
vectors L= 0 0 1 0 ,
Q Scalar products of four- X X
vectors, and Lorentz \53 ) .0 0 0 1 \x?’)
invariants
(0
a
1
a
at = . a =(—a0 a2 a3)
2 H
a
3
7
i M
aﬂb =q ﬂb
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Electrodynamics and special relativity (continued)

] The Einstein summation I'=Ax, Axt = —c*At? +d?
convention 2 ek
: PR dr = dt 1—— == *
1 The Minkowski invariant ’
interval
O Proper time and four- - dr - uz Tt
. 1-2
velocity 2
d Four-momentum and the 0 a ¢ -,
L. — _ =y,
relativistic energy dr N ﬁ
\/ 2
E
p=mn’ ==, p=my

C

2
Pup" = pup’ =E* —p*c® =(mc?)

28 April 2004 Physics 218, Spring 2004 20



Electrodynamics and special relativity (continued)

J Newton’'s laws in

relativity F=m do _ dp /P = =
dt  dt \/1_u2 /c?
1 The Minkowski force K = ap — dt dp — 1 F
dr dr dt \/1 u2/02
o_dp’ _dE u_ dp*
dr dr c dr
[ Relativistic E =FE E = 1 F
: I~ L 1
transformation of
forces
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Electrodynamics and special relativity (continued)

1 Relativistic transformations of E and B.

Od D‘JI
Il

Or:
E,
B,

E,
B,

=L
= b,

N

N

N

_y :7/(Ey _:BBz) ’ EZ

!

B, :7/(By +,BEZ) ,

EJ_ZQ/(EJ_-I-ﬂXBJ_) p
B, =y(B.-BxE,)

7(Ez+ﬁ3y) ;

(5.,
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Electrodynamics and special relativity (continued)

[ The electromagnetic field four-tensor.

p00  pO01 02 103 0 E E,
v 10 p11 p12 p13 ) E. 0 B,
p20 p2l p2 pB | |\-E  -B,

p30 p31 p32 33| (-E, B, -B,
=01 AY — 0" AH
0 B, B, B,
v -B, 0 -E, E,
-B, E, 0 -E
-B, -E, E, 0
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Electrodynamics and special relativity (continued)

d Charge and current u u
densities, the Maxwell J"=(cp.J) ,0,J" =0
equations, and the Lorentz o LMV — 4r T4 8. GHY =0
force, in tensor form v C T

d The four-potential and kH = A puv
gauge transformations C

d The relativistic analogue AH — (V, A) ,0,AY =0
of the inhomogeneous Ay
wave equation for 0% A* = 0,0  AH =——JH
potentials. ¢
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