PHY 712 Electrodynamics
9-9:50 AM MWF Olin 103

Plan for Lecture 27:
Finish Chap. 11 and begin Chap. 14

A. Electromagnetic field transformations &
corresponding analysis using Liénard-
Wiechert potentials for constant velocity
sources

B. Radiation by moving charged particles
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[22 [Fri: 03/20/2015__[Chap. 9 [Radiation sources 21 (0372372015
[23 [Mon: 03/23/2015_[Chap. 9& 10 |Radiation and scattering [#22 0372572015
[24 [Wed: 03/25/2015_[Chap. 98 10 |Radiation and scattering
[25 [Fri: 03/27/2015__[Chap. 11 Special refativity [#23 0373072015
[26 [Mon: 03/30/2015_[Chap. 11 Special relativity 24 0410172015
» [27 \Wed: 04/01/2015_[Chap. 11 Special relativity #25 [04/0672015
Fii: 04/03/2015  [Good Friday  |No class
[28 [Mon: 04/06/2015 0410812015
|29 |Wed: 04/08/2015 |04/10/2015
30 |Fri: 04/10/2015 |04/13/2015
|31 |Mon: 04/13/2015 |04/15/2015
[32 [Wed: 04/15/2015 (041172015
[33 [Fri: 0411712015 0472012015
[34 [Mon: 0472072015
[36 [Wed: 0412212015
[36 [Fri: 0412412015
Mon: 0412712015 [Presentations I
Wed: 0412912015 [Presentations I
[ [Fri- 05/01/2015 Presentations Iil & Take home exam
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@ March Meeting

Senior Abdul Obaid awarded
Gates Cambridge Scholarshij

Senior Derek Fogel wins Best
Presentation Award at APS

Prof. Jurchescu receives 2015
Excellence in Research Award
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NCS-AAPT
Spring Meeting
Wed. Apr. 1, 2015
Physics Colloquium:
Molecular Simulation of
Nanomaterials

Prof. Garofalini, Rutgers
Olin 101 4:00 PM
Refreshments at 3:30 PM
Olin Lobby

Wed. Apr. 8, 2015

DNA G-quadruplex
ona

. Yang, U.
Olin 101 4:00 PM
Refreshments at 3:30 PM
Olin Lobby
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WFU Physics Colloquium

TITLE: Molecular Simulations of Nanoscale Materials: Applications
in Conversion Materials for Advanced Batteries and Nanoconfined
Water and Proton Transport

SPEAKER: Professor Stephen H. Garofalini ,

Interfacial Molecular Science Laboratory
Department of Materials Science and Engineering
Rutgers University

TIME: Wednesday April 1, 2015 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

Refreshments will be served at 3:30 PM in the Olin Lounge. All
interested persons are cordially invited to attend.

ABSTRACT

We have applied molecular dynamics simulations to study two important, but diverse
topics, involving behavior at the nanoscale: (a) a nanoscale metal fluoride, FeFy, used as a
conversion material in advanced high capacity Li-ion batteries and (b) the behavior of
nanoconfined water and water reactions and proton transport on oxide surfaces. In the first,
exposure of FeF to Li* causes a conversion reaction that forms nanocrystals of LiF and
Fe-metal, enabling access to the multiple valence states of the iron cation. While these
resultant ystals are observed in post-reaction HRTEM, (high resolution transmission
electron microscopy) the atomistic mechanisms and the reaction pathways in conversion
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Inverse transformation of field strength tensor
7 =nB 00
FP_p fl”VFya'B -198 o =75, 16 00
Y Y ! 0 0 10
0 0 0 1
0 -E. -nlE-pB.) - (BB
nE-pB.) 1(B.-pE) 0 -5,
n(E+BB,) -r(B +BE.) B 0
Summary of results :
Ex = E'x Bx = B'x
E=y(E,+55.) B,=y.8,-pE)
E=y(E-8B,)  B.=r(B.+pE)
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Example: Fields in moving frame :
E':%(x'fﬁy'y): ‘I(—W;’“'f’y/2
y r (vey+02f

B'=0

Fields in stationary frame :

E =E B.=B,
E =y (E +8B) B, =78 -BE")
E.=y(E.-pB,) B.=7,(B+AE,)
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Example:

Fields in moving frame :

E':r—%(x'i+y'y): q(-v'3+b3)

(vep+p2)”

x> X
Fields in stationary frame :
EF T
' a.pb
=
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Example: Fields in moving frame :

, E=2(x3+y§)= q(=vi'%+b3)

==5 i & Sl
X

((~vey +2)"

x> X
Fields in stationary frame :
R j(;)i;))’

. B.b
B it o T

Expression in terms of
consistent coordinates
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p - ard)

(Cvmey+02)”
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Examination of this system from the viewpoint of the
the Lienard-Wiechert potentials —(Gaussian units)

B(r,)=1
c

B(e.) = RXE@).
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Examination of this system from the viewpoint of the
the Liénard-Wiechert potentials —(Gaussian units)

2
Ern=—329 [[R—ﬂ)[lfv—zﬂ
( R— ﬂ) ¢ ¢ For our example:
c .

R, (t)=vtX r=>by

R=by-vt % R=\Ve+b*

R 2
Bmgziggglljp_%) .
c v-R 4 V=X t=t——
rR-Y2 8 -
¢
This should be equivalent to the result given in Jackson (11.152):
—vyIX + yby

E(x,»,2,0)=E(0,5,0,0) =g ————55
(6 +(pey?)

7Bbz

B(x,y,z,t) =B(0,b,0,t) = g ———5
(5 +0m))
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Some details

Er)-—9 |[R-YR) -
R) c e
(=)
¢

For our example:

Rl
' C(R_ij" ¢ R=bj—vt}  R=2+b
c
v=1X to=t——
c

¢, must be a solution to a quadradic equation:

£=27% +y % -y =0
with the phyisical solution:

[ = y[;/t— JOyt) +b’ ]
¢
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Now we can express R as:

Some details continued:
R= ;/(—ﬁvyter(v;/z.‘)2 +b? )

and the related quantities:
R-VR/c=-vitx+by

Rey-R/e=YOTD+D"
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e

By« — (221 )| g

[R_ﬂ) AN (b2 +(27?)

c
R 2 7

B(l‘,l)=g XY 3{'*%] = 2 }/ﬁb12 372

¢ [R,ﬂ ¢ (b* +p?)

c
Radiation from a moving charged particle Variables (notation) :
k()= By
=R
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Liénard-Wiechert fields (cgs Gaussian units):

R
' 19)
g| -Rxv v¥  Vv-R Rxv/c
Brit)==|——= |1-=% -] 20
(r,t) C{(R—Q)3< 2t 2 ) (R—"‘—,R‘)2 (20)
In this case, the electric and magnetic fields are related according to
B(r,/,) = RX—M @1
R
. dR (t, d°R, (1
R, (2,)= q(')sv R(z,)=r-R,(,)=R Vzﬁ
g \°r dt r q\’r dt 2
r r
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Electric field far from source:

E(r,1)=m{ﬁx[(ﬁ_g)xg]}

B(r,t) =Rx E(r,t)
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Poynting vector:

S(r,t):i(ExB)
t)= q R % |(R B Jx
E(r, cR(l—ﬁ-]i)S{R [(R B) B]}

Note: We have assumed that
R.E (r, t) =0
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Power radiated

2

A A .2
e g s Rx[R-p)e]
s e =g
A A .72
ﬁfs RszLZ‘RX[(R_B)XB]
Q" 4w (1,[3,[‘{)6
In the non -relativistic limit: S <<1
dP q°

S e oal o q2 NERE
E_E‘RX[RXB] _WM sin” @
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Radiation from a moving charged particle

Variables (notation) :
dR, (1)

Rq(fr)EfEV
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Radiation power in non-relativistic case -- continued

2
j—g = 4671103 Mz sin’ ®
2
P =Jde—£ = %‘L}Mz
C




