7.4 Fields associated with media

Polarisation
Definition of electric
= 7.80
dipole moment p=aqa (7.80)
Qeneralised electric p= / ¥pdt' (7.81)
dipole moment
volume
Electric dipole N pr
potential olr)= 4regr’ (7.82)
Dipole moment per
unit volume P=np (7.83)
(polarisation)®
Induced Vol}lme VP =—pin (7.84)
charge density
Induced surface Ging=P-5 (7.85)
charge density
Deﬁnltlon of electric D=coE+P (7.86)
displacement
Deﬁniti’or'l 'of electric P—coriE (7.87)
susceptibility
er=1+yg (7.88)
Deﬁn.iti.or.l obf relative D=coe,E (7.89)
permittivity
=¢E (7.90)
Atomic
=oFE 791
polarisability P=%Eloc (7.91)
Depolarising ficlds ~ Ey=— aP (7.92)
€0
Clausius—Mossotti nu  e—1
equation? 3ep €42 (7.93)
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end charges

charge separation
vector (from — to +)

dipole moment
charge density
volume element
vector to d/
dipole potential
vector from dipole
permittivity of free
space

polarisation

number of dipoles per
unit volume

volume charge density

surface charge density
unit normal to surface

electric displacement
electric field

electrical susceptibility
(may be a tensor)

relative permittivity
permittivity

polarisability

local electric field
depolarising field
depolarising factor
=1/3 (sphere)

=1 (thin slab L to P)
=0 (thin slab || to P)

=1/2 (long circular
cylinder, axis L to P)

4Assuming dipoles are parallel. The equivalent of Equation (7.112) holds for a hot gas of electric dipoles.

bRelative permittivity as defined here is for a linear isotropic medium.

“The polarisability of a conducting sphere radius a is o =4nega’. The definition p =oeyE is also used.
dWith the substitution 2 =e¢; [cf. Equation (7.195) with u, = 1] this is also known as the “Lorentz—Lorenz formula.”




Magnetisation

Definition of

magnetic dipole dm=1Ids (7.94)
moment
Generalised 1/, )
magnetic dipole m= E/" xJ dt (7.95)
moment volume
Magnetic dipole _ pom-r
(scalar) potential Pm(r) = 4nr3 (7.96)
Dipole moment per
unit volume M =nm (7.97)
(magnetisation)“
Induced volqme Jig = VM (7.98)
current density
Induced surface . .
nda =M 7.99
current density Jina x* (7.99)
Definition of
magnetic field B=py(H+M) (7.100)
strength, H
M=yyH (7.101)
Definition of
BB
magnetic = % (7.102)
susceptibility s
AB= 7.103
1B= 7 o ( )
B=uopuH (7.104)
Definition of relative =uH (7.105)
permeability” w=1+yn (7.106)
1
= (7.107)
l—ys
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Jind

>
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dipole moment
loop current

loop area (right-hand
sense with respect to
loop current)

dipole moment
current density
volume element
vector to dt’

magnetic scalar
potential

vector from dipole
permeability of free
space
magnetisation

number of dipoles
per unit volume

volume current
density (i.e., A m—2)
surface current
density (ie., A m™1)
unit normal to
surface

magnetic flux density

magnetic field
strength

magnetic
susceptibility. yp is
also used (both may
be tensors)

relative permeability
permeability

¢Assuming all the dipoles are parallel. See Equation (7.112) for a classical paramagnetic gas and
page 101 for the quantum generalisation.
bRelative permeability as defined here is for a linear isotropic medium.

dm, ds

out in



Paramagnetism and diamagnetism

m magnetic moment

(r?)  mean squared orbital radius
(of all electrons)

. - 2

Dlama%ne?c t me— e Z0)B (7.108) | Z atomic number

moment of an atom 6m, B magnetic flux density
Me electron mass

—e electronic charge

Intrinsic electron me~ € g (7.109) ! ftaldéng?lar m?mze I;tum .
: a - : g ande g-factor (=2 for spin,
magnetic moment 2me =1 for orbital momentum)
1
) ) L(x)=cothx—— (7.110)
Langevin function X #(x) Langevin function

~x/3 (x51) (7111

Classical gas (M)  apparent magnetisation

. moyB agni f m: ic dipol
paramagnetism (M)=nmy¥ <kOT ) (7.112) o Eirg:: ;Llide of magnetic dipole
(1> h) n dipole number density

nm2 temperature
Curie’s law AH = Honitg (7_113) k Boltzmann constant
3kT LH magnetic susceptibility
2 .
. . nm, bility of fi
Curie—Weiss law (0= _Honmp (7.114) Ho permeabllly of Tree space
3k(T — TC) T Curie temperature
“See also page 100.
Boundary conditions for E, D, B, and H*
Parallel
component of the ~ E; continuous (7.115) | | fr?::rl;;?:m parallel to
electric field
Perpendicular
component of the . L component
p o f B, continuous (7.116) perpendicular to
magr.letlc ux interface
density
Dy, electrical displacements
in media 1 & 2 R
E.ICC‘[I‘IC , 4 (D2 _ Dl) —q (7.1 17) s upit normal to surface, @ s
displacement directed 1 —2
o surface density of free @
charge
) Hi, magnetic field strengths
Magne‘u)c field Sx(Hy—H )= j. (7.118) in media 1 & 2 .
strength® ’ Js surface current per unit
width

4At the plane surface between two uniform media.
bIf 6 =0, then D, is continuous.
“If j,=0 then H is continuous.



