PHY 712 Electrodynamics
10-10:50 AM MWF Olin 107
Plan for Lecture 31:
Special Topics in Electrodynamics:

Electromagnetic aspects of
superconductivity

4/14/2014

04/14/2014
19 [Mon: 03/17/2014 [Chap. 8 Wave guides; Take-home exam due 18 1312172014
120 \Wed: 0311072014 [Sources of Electromagnetic Waves aE)

21 |Fri: 03/21/2014

=
]
]

Sources of Electromagnetic Waves

22 [Mon: 03/24/2014 [Chap. 11 Special Theory of Relativity (312812014
23 |Wed: 03/26/2014 [Chap. 11 {Special Theory of Relativity [a2812012
24 [Fri: 03/28/2014  |Chap. 11 Special Theory of Relativity “[ai04r2014
25 Mon: 03/31/2014 [Chap. 14 Radiation from moving charges [ainai2014
26 [Wed: 04102/2014 [Chap. 14 Radiation from moving charges #25 410412014
27 [Fri: 04/04/2014  [Chap. 14 Radiation from moving charges w26 [4/1172014
28 [Mon: 04/07/2014 [Ghap. 14 Radiation from moving charges w27 [i1/2014
29 [Wed: 04108/2014 | Radiation due to collision processes fze (411612014
30 [Fri: 04/11/2014 Cherenkev radiation 2 12
31 [Mon: 0411412014 [Special topic -- E&M of superconductivity
32 |Wed: 04/16/2014 'Special topic - E&M of suparconductivity

[Fri-04/18/2014 Good Friday Holiday -- no class )

33 [Mon: 04721/2014
134 |Wed: 04/23/2014

35
Presentations Part |
Wed: 04/30/2014 Presentations Part Il
04/14/2014 2
Signup for PHY 712 presentations
Please note that in order 1o sign up, have atile. Ple: of the
empty time stats and record your ttle and your name
Presentations on Monday 428/2014 in Ciin 107
Time Presenier Name Presenter Tile
10-10:20 AN
10:25-10:40 AM
Presentations on Wednesday £/30/2014 in Okin 102 (note early start time)
Time Presenter Name Presenter Title
9:30-9:50 Al
9:55-10:20 AM
10:25-10:40 AM
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Commenton HW

PHY 712 -- Assignment #27

Continue reading Chap. 14 in Jackson .

April 7, 2014

1. Consider an electron moving at constant velocity fe = ¢ in a circular trajectory of radius p. Its total
energy is E= y m ¢*. Determine the ratio of the energy lost during one full cycle to the total energy.
Evaluate the expression for an electron with total energy 200 GeV in a synchroton of radius p=10° m.

SE_4z ¢
E 3 pmc

. ﬁJ;/J

OE _4n ¢
. 3 pme

and p measured in cm.

B ~077

PHY 712 Spring 2014 - Lect

The estimate of the energy loss per cycle is actually discussed in the
beginning of Chap. 14. Dividing that result by the total energy
of the particle E = ymc” :

Note that < has the units of ergs with ¢ measured in statcoulombs
Yol
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Commenton HW

PHY 712 -- Assignment #28

Start reading Chap. 15 in Jackson .
1. Work problem 15.2 in Jackson,

April 9, 2014

Suppose that

vV=Vvi

v'=v(sinacosb +sinasin by +cos az)

r =sin X + cos 0z

&=y

g, =—cos X +sin 0z

Cross section depends on <‘£, (V= v)‘2>
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Special topic: Electromagnetic properties of superconductors

Ref:D. Teplitz, editor, Electromagnetism — paths to research,

Plenum Press (1982); Chapter 1 written by Brian Schwartz
and Sonia Frota-Pessoa

History:

1908 H. Kamerlingh Onnes successfully liquified He

1911 H. Kamerlingh Onnes discovered that Hg at 4.2 K
has vanishing resistance

1957 Theory of superconductivity by Bal

and Schrieffer
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Some phenomenological theories < 1957

Drude model of conductivity in "normal" materials

m av ——cE-mY
dt T
v(t)=ve " _cEr
m
J=—-nev fort>>1 1="TE=0E
m
London model of conductivity in superconducting materials
mﬂ =—cE
dt
& _ ek A dv_ne'E
dt m dt dt m
From Maxwell's equations:
vxp=3Zy, L&
c c ot
vxE=-1%8
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Some phenomenological theories < 1957
London model of conductivity in superconducting materials
daJy dv _ ne’E

—=—ne—-=
dt dt m
From Maxwell's equations:

vxp=27y 1B yxg=-1%
c c ot c ot
2
Vx(VxB):—VzB:“leJ—Lza]}
c ¢’ or
,0B 4z_ o) 1B
V=V — e
a ¢ o ¢ ot
A 2 3
,VZQ:“””E Vfoia B
ot me o or
_ge0B__dme B_1 0B
ot me® ot ¢ or
A2 2
Iy 1 1005 with 47 =2
ot A, ctor 4rne
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London model — continued

London model of conductivity in superconducting materials
dJ av_ne’E
=—ne—=

dr dt m

2 2
Oy L 1 g with 23 ="
ot A, ¢ ot 4rzne’

For slowly varying solution:
2 VZ*% B=0 for Q:iL?‘(X’t):
ot A ot ot
- Buh) BN
ot ot
London leap:  B_(x,t)=B.(0,t)e™" A
Consistent results for current density:
4

T d=VB=-LB J=gi ) = J@=4 " B0
c 2, me

L
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London model — continued

mc’

Penetration length for superconductor: A/ = 5
47zne

B_(x,t)=B.(0,)e™""
Vector potential for V-A=0:
A=§4,(x) A,(x)=~,B.(0) ™

Recall form for current density: J (x)=4, n—ng (0)e™*
’ me

SI+2A=0 o E(mwa] -0
mc m c

M
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Magnetization field
Treating London current in terms of corresponding magnetization field M:
B=H+47zM
= Forx>> 4, H=—4zM

Gibbs free energy associated with magnetization for superconductor:
Gy(H,)=Gy(H =0) 7jn"” dHM(H) =G, (0)+8iHj

T
Gibbs free energy associated with magnetization for normal conductor:
Gy(H,)=Gy(H =0)

Condition at phase boundary between normal and superconducting states:

Gu(H)~Gy(0) = Gy () =Gy (0) + 1

= G,(0)=G, (0) =——— I
87
—L(Hf.—Hz) for H, < H,

Gy(H,)~Gy(,) =1 8701 M ‘

0 otherwise
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Magnetization field
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