The University of Texas at Dal las UTD Erik Jonsson School

PhoTEC
A MODEL FOR y®), PART 1 I

e Assumptions:

> Model atomic nucleus as a point charge, +Ze
> Model electrons as a continuous negative charge distribution p(r)

o Assume spherical symmetry:

o(r) = p(r)

e Apply a uniform external electric field:
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e Restoring force on nucleus:

Z r
F = —fq(r) where ¢(r) :47r/ p(r') ' dr’
r 0

e At equilibrium, F' = Zek&
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e Response to applied field:

> Atomic dipole moment:
= Zer
> Macroscopic polarization (dipole moment per unit volume):
P~ Ny
N = atomic number density

e Uniform-sphere model.:

( ) e
’]” —_—
P dras

> Restoring force on nucleus:

Ze Ze (47T . ) _ (Zey

(a = radius of sphere of negative charge)

FZFCJ(T):W BN P

> Displacement at equilibrium is linear in £
3

a
= —F
" Ze
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PhoTEC
A MODEL FOR y®, PART 4 I

e Response to applied field in uniform-sphere model:

> Atomic dipole moment:
u=aFE =aF
o = atomic polarizability ~ 1072 cm?

> Macroscopic polarization (dipole moment per unit volume):
P~ Nu
N ~10* em™?
> Dielectric constant:

€:1+47TX(1)%1—|—47TN04N2
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e Nonuniform-sphere model.:
r)y=—se /%W
p(r) -

ap = Bohr radius of outer electrons

> Charge inside sphere of radius r:

A 2 2
q(r) = Ze (1 - 6_27’/“0> _ L /e (—T) [2 — —T]
2 a Qa

Chargevs. radius
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e Response to applied field for nonuniform sphere:

> Restoring force on nucleus at equilibrium:

Restoring forcevs. radius
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e Taylor series for atomic dipole moment:

d
p=Zer(E)=Ze [—T
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e Linear regime:

> Charge inside radius r when r < ay:

> At equilibrium,

o q(r) 4Zer
72 3a;
> Linear polarizability:
zer 4 4
o = f ZaO

> Numerical estimate of € = 1 + 47 Na:
o Take ap ~ 2 x 107% cm, N ~ 10?2 cm ™
o Find € — 1 & .5 (right order of magnitude)
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e Nonlinear regime:

> Charge inside radius r when r < ay:
4/r\° 5 r\* +8 r\°
3 \ag ag 5 \ap

dr  2r? 87“3]

q(r) ~ Ze

> At equilibrium,

——+
3 1 5
3ag ag  dag

E = ﬂ ~ /e [
but we need r(FE), not E(r)
> Contribution to y®:
d°r 3(d*E /dr?) — (dE /dr)(d°E /dr?)
dE? |y (dE/dr)?
2673 af
"~ 320 (Ze)?

r=0
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e Nonlinear regime:

> Numerical estimate of
(3) - NG d?’T

YT 6 dEs

o Take ag ~ 1078 cm, N ~ 10*? cm ™3

o Find x® =~ 0.6 x 1071 esu (correct order of magnitude for SiOs)
o Note extreme sensitivity to value of ag
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