PHY 712 Electrodynamics
9-9:50 AM MWF Olin 105

Plan for Lecture 34:

Review of electrodynamics

1. Review of Chap. 1-15

2. Evaluation forms

4/17/2019

PHY 712 Spring 2019 -- Lecture 34
[23 |Fri: 03/22/2019  Chap. 9 and 10 Radiation from oscillating sources #17 |3/27/2019
124 Mon: 03/25/2019 | Chap. 11 ‘Special Theory of Relativity :2;:(9 3/29/2019
125 |Wed: 03/27/2019 |Chap. 11 Special Theory of Relativity #18 [4/01/2019
|26 |Fri: 03/29/2019  Chap. 11 ‘Special Theory of Relativity #19 4/03/2019
127 |Mon: 04/01/2019 | Chap. 14 Radiation from charged particles |#20 4/05/2019
128 |Wed: 04/03/2019 |Chap. 14 ‘Synchrotron radiation
[29][Fri: 04/05/2019 |Chap. 14 Synchrotron radiation [#21 411012019
|30 |Mon: 04/08/2019 Chap. 15 Radiation from collisions of charged particles |[#22 |4/12/2019
31 Wed: 04/10/2019 Chap. 13 ‘Cherenkov radiation
I Special topic: E & M aspects of
'superconductivity
133 |Mon: 04/15/2019 ‘Special topic: Aspects of optical properties of
materials

34 \Wed: 04/17/2019 |Chap. 1-15 Review

Fri: 04/19/2019  |No class Good Friday
135 |Mon: 04/22/2019 Chap. 1-15 Review
36 \Wed: 04/24/2019 |Chap. 1-15 Review

Fri: 04/26/2019 | Presentations |

Mon: 04/29/2019 Presentations Il

\Wed: 05/01/2019 Presentations Ill
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e Forest College & Graduate School of Arts and Sciences

Browse:Home

Events

Colloquium: “Uncovering the Inner Lives
of Electrons™ - Wednesday, April 17, 2015,
ataoopm

Paul W, Ayers, PnD Departmen of Chemistry

04/1712019 PHY 712 Spring 2

Units - SI vs Gaussian
Below is a table comparing SI and Gaussian unit systems. The fundamental units for each system are so
labeled and are used to define the derived units.
Variable SI Gaussian SI/Gaussian
Unit Relation Unit Relation
length m fundamental em fundamental 100
mass kg fundamental gm fundamental 1000
time s fundamental s fundamental 1
force N | kg-m?/s dyne gm-cm? /s 10°
1
current A I | 1 e | statcoulomb/s —
10c
1
charge C A-s stateoulomb Vidyn —
10c
03 9 RIYT1Z Spring 2 Lecture 24
Basic equations of electrodynamics
CGS (Gaussian) s |
V:D=dmp V:D=p D=cE+P=cE
1
H=—B-M=—B
V.-B=0 V-B=0 Hy "
180B B
VXE=——— VxE=—-——
e at at
aD
VxH=J+—
at

F=¢(E+vxB)

u=%(E-D-B H)

(E x H) S=(ExH)
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More relationships

CGS (Gaussian)
D=E+47P=¢E

HZB—47TM=lB

Y7
T L
c ot
B=-VxA
€ f=4
Y7 RS

03/25/2019
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MKS (SI)
D=¢E+P=ck
H:LBfM:lB
Hy H
E:*V(Df%
ot

B=VxA

elie)

w7,

Notions of special relativity

» The basic laws of physics are the same in all frames of
reference (at rest or moving at constant velocity).
» The speed of light in vacuum c is the same in all frames

of reference.
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Lorentz transformations Convenient notation :
_ v
C
1
}/ =
1- 4
y y’ Stationary frame Moving frame
ct = ylet+pr)
= yl+per)

= \/ =

X y =y

e ,

X B z = V4

y
)
y X
X
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Lorentz transformations -- continued p=r
c

For the moving frame with v =1X:

y 7 00 y -3 00
00 - 00
e |7 pi | BT
0 0 10 0 0 1 0
0 0 01 0 0 01
ct ct' ct' ct
X ! x' | ox
=£| =L
y y y y
z z' z' z
Notice:

A —x -y =2 =" x"—y?—z" =’ 1= proper time
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Examples of other 4-vectors
applicable to the Lorentz transformation:

p=— y= ~
) . . c -5
For the moving frame with v =vX:
v B 00 vy =B 00
00 - 00
o|? 7 po| P
0o 0 10 0 0 10
0 0 01 0 0 01
wlc w'c w'c wlc
k. k' k' |k
C Y s lop x
k, k', k', k,
k. k' k', k.
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Four-vectors:
ct wlc
. . X k.
Time and position: = x“  Frequency and wavevector: x =k
y y
z k.
cp
J,
Charge and current: JY =J
y
‘I:
)
. A
Vector and scalar potentials: AY EX
y
A
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4-vector relationships

ct A°
x A 0 . a

= r = (A ,A): upper index 4 - vector A” for (a = 0,1,2,3)
z A

Keeping track of signs - - lower index 4 - vector 4, = (A“ ,—A)

Derivative operators (defined with different sign convention):

(&) )
cOt cOt
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Algebra rules for Lorentz transformations

For the moving frame with v =vx:

vy B 00 y =B 00
00 - 00
o |7 g | TPy
0o 0 10 0 0 10
0 0 01 0 0 01
wlc w'lc w'c wlc
k\ k'v k'\ 1 x
=£ =L
k, k', k', ;
k. k', k', k.

Using indices:
L >row 4 UL
k" = £'%

V >column
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Example

Consider a wave in the moving frame:

o'l c wlc
w'c . . L |@/c
k= 0 in the stationary frame: k" =£'k" = 0
0 0
1+
Sw=0o 5
-
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Special theory of relativity and Maxwell’'s equations

op

4/17/2019

Continuity equation: o +V-J=0
t
.. 1 o0
Lorentz gauge condition: - aa— +V-A=0
t
2
Potential equations: Lz 9 CZD -V® =4zmp
¢ ot
2
L ? _viady
¢ ot
Field relations: E=-VO A oA
c ot
B=VxA
2! PH' 12 Spring 2 9 ecture 24 16
Lorentz transformations v v, 00
00
ewy=| P T
0 0 10
0 0 01
Time and space: x* = Lv)x"“" = B(v)f,x"s
Charge and current: J = Lv)J" = B(V);J'ﬁ

Vector and scalar potential: A = £(v)4" = L(v)5 4"

03/27/2019 PHY 712 Spring 2019 - Lecture 27 17

4-vector relationships

ct A°
Al

= r = (AO,A): upper index 4 - vector A4“ for (a = 0,1,2,3)
z A

Keeping track of signs - - lower index 4 - vector 4, = (A0 ,—A)

Derivative operators (defined with different sign convention):

) s
cot cot
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Special theory of relativity and Maxwell’'s equations

Continuity equation : (;—p +V-J=0 > 0,J"=0
t
Lorentz gauge condition : 1 662+ V-A=0 > 0,4°=0
c ot
2
Potential equations : Lz o (ZD —V:® =4np
¢ ot .y 4z,
1 A ar [O0 A=
——5-VA=—"]
ot c
Field relations : E=-VO-— 10A
coa 397
B=VxA
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Electric and Magnetic field relationships

Ez_vcp_laiA EX=_BE—%=—(60AI—61AO)
c ot ox cot
04, .
Q=—@9——i:—@%r—aAﬂ
oy cot
__ag_ai_ (30A3_53A0)
0z cot
B=VxA o4
B =% N (4 5n)
dy O
2%—%——(53141—61143)
Y0z ox
:%_GAX (a]AZ 62Al)
ox Oy

Field strength tensor 7 = (9" 4” -5/ 4" )
0 -E, -E, -E
E, 0 -B B

FP =] x v
E, B. 0 -B,

y
E. -B, B 0

z y x

Transformation of field strength tensor

7 nh 00
F = L) F™ £(v)! £ =|" Oﬂ 70 (1) g
0 0 01
0 —E', -n(E\+BB.) -1 (E.-BB,)
o E', 0 -n(B+BE,) 7(B,-BE".)
7(E+BB.) 7(B.+BE,) 0 -B',
7(E-BB) -r.(B,-BE".) B, 0
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Inverse transformation of field strength tensor

7o nB 00
F = L) FP L)Y L0)" = _7(‘)'/;" g" (1] g
0 0 01
0 -E, -7.(E,~BB.) -r(E.+BB)
e E, 0 -y (BZ—/?E‘) 7,,(By+/}‘E;)
7(E,-BB.) »(B.-BE,) 0 -B,
7.(E.+B.B,) -7.(B,+BE.) B, 0
Summary of results:
E' =E, B'. =B,
E', =y,(E,-BB.) B =y,(B,+BE.)
E.=y,(E.+58B,) B'.=y,(B.-BE,)
03/27/2019 PHY 712 Spring 2019 --
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Comparison of the two transformations

v B 00
B _ Py P ne| P n 00
F = ) F™ L) 2= o 1ro
0 0 01
0 B, (B A8Y) -n(E-pB)
(e sy n(BBE) 0 e
r(E- BB (BB b s 00
F = L) F T 2(0) a0y 7Y o (‘J 8
0 0 01
0 -E 7 (E,~AB) -7.(E.+AB,)
I P s et
7(E-AB) 7.(B.-AE) 0 >
r(E+AB) -7.(B+AE) B, ’
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