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Dielectric Energy

Simple consideration of simple capacitor

W = l CV?
2
With dielectric inside
C — ngvacuum
Without dielectric
w =2 [E*dV
2
Suggests with dielectric
w=1 j D-EdV
2
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Atomic model again We»
ODU

Assume the “atomic springs” have constant &

1 > 1, g°E°
__k — — —
2 (X+ X—) 2 k2

spring —

E

In terms of individual atomic dipole moments
q°E
p=q(x, —x)=

When 7 1s the number of dipole moments per volume, the
energy/volume in the springs is

U, .
spring :l(np)EZEPXE
Volume 2 2

The total energy in the springs generalizes to

U —%jP-EdV

spring
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Total Energy ‘(;+£

» Electromagnetic field energy plus spring energy for a
linear dielectric 1s

€

°jE-EdV+%ngZeE-EdV:%jD-EdV

spring 2

wW=u_ +U

 Griffiths “add free charge” derivation. Start with 2.43
version of the work

W:%jpwv

where the potential ¢ 1s the total potential including any
material polarization effects. Generally, for a given free
charge distribution the total potential is proportional (but
will have a different space distribution ¢ = a(r)p;). Adding
free charge Ap;
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AW :%ja(pf +Ap, )2 dV =j(Apf )gdV =jv-(AD)¢dv

e “Integrating by parts”
V-(¢AD)=V¢-AD+¢V -(AD)
AW = [[-V$-AD+V-(4AD) |dV
= [ E-ADdV + [ AD-fida

Boundary integral vanishes at large radiui

 For linear dielectric

%A(D-E):%A(EE-E)ZEAE-E = AD-E

W:%ID-EdV

, Thomas Jefferson National Accelerator Facility
‘!effegon Lab Physics 425/525 Fall 2024

W
ODU



W
ODU

Magnetic Fields

« Static magnetic fields (magnetostatics) produced by
— Aligned atomic electron currents (permanent magnets)
— Steady currents in wires (electromagnets)

« Unfortunate terminology problem
— B is uniformly the notation for a (pseudo)vector field

called by Griffiths the “magnetic field” and by other

authors the “magnetic induction field”. In this latter case,
H, which will be defined in Chapter 6, 1s called the
“magnetic field”. MKSA Units

Weber Vsec Nt

B Tesla (T) =

] esla (1) m? m2 Am
'H]:é

: m
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Lorentz Force —
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« Total electromagnetic force on a charged particle

F=q(E+vxB)

» Force perpendicular to both velocity and magnetic field
direction

« Magnetic fields can do no work on charged particles
AT = [F-dI
T=F-v

* For magnetic forces

T=q(vxB)-v=0

Thomas Jefferson National Accelerator Facili :
J)effegon Lab ¥ @ EJSA

Physics 425/525 Fall 2024



Charged Particle Motion

ODU

e For a uniform magnetic field (say in z-direction)

F.=mv=qvxB=gQ

(@) ><< >
O<< <

7
V,|= qBZvyf( —qgB,v,y
BZ

e Equations of motion

y Z
V, = - Vy
, B
Vy - 1 Vy
m
v, =0
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Circles!

« Simple harmonic motion in each degree of freedom

i(vf +V3)=2 95, (vv, —v,v, ) =0

dt m
2
m m
2
Vy - _q_Bva = _(qu) Vy
m m
v, =0
* C(Cyclotron (angular) frequency
B CVsec 1
a)c = q Z [a)c] = > =
m kg m sec

 Radius of orbit
o,R =V, +V;

, Thomas Jefferson National Accelerator Facility
‘!effegon Lab Physics 425/525 Fall 2024

W
ODU



