Lecture 19: Microscopic Interactions

OUTLINE

1. Motivation
2. Feedback & Electron Screening
3. Feedback & Phonon Screening

4. The electron-phonon interaction
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Motivation: Dielectric Constant

qg 1
Cbt t— — — Potential for point charge in a dielectric media
6]
de r
qg 1
Cbtot = — Potential for point charge in free space
Amey T

1
CI/Dtot = = Pext

TN
Output = Transfer function * Input
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Dielectric Constant G(k)

Total Charge and Total Potential External Charge and External Potential

2 _ prot(r, 1) 2 _ pext(r,t)

VEDioi(r,t) = — . VeDeyi(r,t) = — o
19) 0

Use Fourier Transform f(r’t):/-l-oo dk /+Ood_wf(k’w)ez’(k~r—wt)
—o (27m)3 /oo 2

1
Piot(k,w) = mptot(ka w) pext (K, w) = €ok? Pyt (K, w)
o

Block Diagrams of the Algebra

prot(k, w) —> —> Dot (K, w) | [Pext (k, w)=>| e, k2 =Ploext (k, w)
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Screening Charge
ptOt(r7 t) — Pext(ra t) + Pel(ra t)

| —
/ Screening charge

D eyt (k, w)=>|e, k2 —>pext (k,w)  Prop(k, w)=—> —eokzg —> peo(k,w)

The screening effect is produced by the
positive background charge and hence is of
opposite sign.

1 R
Pext(k7 (.d) _»®_> €0k2 _>¢t0t(ka w)

Peﬁ(ka w)
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Screening Charge

CDeXt(kv CU)—V

Pext(k7 (.d) - —

1
eok?

—> Dot (k, w)

Peﬁ(ka w)

eok2

—>Pext(k7 (.d) cbtot(ka W)_> —GOkg —> Peﬁ(ka w)

B 1 R
Poxt (k, w) =] k2 _’®_> € k2 > Dot (k,w)

— —eokzg
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Screening Charge

L 1 o
cDeXt(k’("J)_> €0k2 _»®_> €0k2 o ¢t0t(kaw)

cbext(k, (,d)—b

|— ‘—eokzg

1
1+ (ko/k)?2

%/—/

—> Dok, w)

Effective Dielectric function
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Thomas-Fermi Screening

—
1+ (ko/k)?2

Doyt (k, w)=—> —> Piot(k,w)

|:> C"tot(kaw) = m q’ext(k,w)

For a point ‘test’ charge

1 q q 1
CD k = = -
tor(kw) = 7 (ko/K)2 cok2  co k2 + K2

The inverse Fourier Transform gives . .
Thomas-Fermi Screening
q —kor is like Debye-Hueckel screening
(Dtot(r, t) = ko is the thomas-fermi screeing length

47‘&'60 r and is about one Angstrom
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e

Dynamical Screening from the positive ions

‘Ptot(kﬂu) = pext(k,w) + pei(k,w) + pion(k,w)

1
cDeXt(k’("J)_> €ok2 _>®_> €0k2 ” thOt(kaw)

—L e k2

Pion(ka W)

Need a simple model of the dynamics for the ion charge.

Massachusetts Institute of Technology-
6.763 2005 Lecture 19




Model of Dynamics of lons

Treat each positively charged ion as a free particle acted on by the total Electric Field

d
M —vion(r,t) = QionE(r, t)
dt
And the resulting current density of the ions is

Jion = nQjonVion(r,t)

d
—> — Jon(r,t) = Cj'f“E(r )

This looks just like our first London Equation for charged particles with no damping.
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Model of Dynamics of lons (cont.)

The continuity equation gives

0
— 0on+V-Jon=0
ot Pion ion
Combine with previous equation to give:
H2 nQ2 nQ?2
o2 Pion = = — PAV B =—r00 V2P0t (r, t)

2
ws
‘ Pion(k,w) = €o % k2 Piot(k, w)

2
Wi

Dot (k, w)=—> eo%kz —> pion(k, w)

w
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Dynamical Screening from the positive ions
Ptot(k7 w) - Pext(ka w) + Pel(ka w) + Pion(k: w)

1

cbext(kaw)_’ Eok2 _’C+> ‘GokQ g q)tOt(k’w)

A

—Eokg

Pyt (k,w) =—>

L+ (ho/ k) — (wion/w)? [ totlioe)
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Effective Dynamical Dielectric function e(k,w)

1
L+ (ho/B)? = (wion/w)? [ Prortioe)

1

1 1 w?
ek, w) 14 (ko/k)? <w2 - wf(k))

CDe><t(ka W) -

2 — Yion
1on ko —— k
14 (ko/k)2 ko

w

wg(k) =

Sound waves with the velocity of sound  © = wjgp/ko
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Effective Dynamical Dielectric function e(k,w)

1
e(k,w)

1

1+ (ko/k)?

Therefore we model the
electron phonon interaction
as an attractive potential
OVer some energy
(frequency) range around
the resonance phonon
frequency.

Attractive potential region

Vtassagtusetts Institute of Technology:

wp (k)
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