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KLASSISK MIKROSKOPISK TEORI /DRUDEMODELLEN

I et ikke-ledende isotropt medium er elektronene lokalisert, dvs. de er bundet til
kjerner. I et ytre felt, e.g. et elektromagnetisk felt vil elektronene forskyves en
distanse r fra sin likevektsposisjon. Dette resulterer i en polarisasjon

P = —Ner
N er antall elektroner pr. volumenhet.

Elektronet er i folge denne klassiske Lorentz modellen bundet til atomene med
en kraftkonstant k. I et metal er elektronene fri, dvs. kraftkonstanten k=0. Dette
gir en bevegelsesligning

d’r i = =
m——s+my—=-ek =—eE e
dt

dr*

—iot

yer en dempningskonstant, m er elektronets masse. En lesning av denne
differensialligningen er

- —¢E, .
7= > (.) e Lot
-m* - imoy

og dermed blir polarisasjonen P
Ne* Im

0" —iwy

Med P =¢,%,E kan vi skrive

D=¢gE+P=¢,(1+x,)E =¢¢E

=g =1+,
¢r = dielektrisitetskonstanten
Innsatt i ligningen ovenfor gir dette:

Ne? Ime,

g =1+——
-w” —iwy

r

Ne2/ meg har dimensjonen sek'z, vi kaller den oopz
Etter Drudemodellen far vi derfor:




t
b) Fra potensialet ¢ = Acoskx-e™ fis et felt i metallet: y, C# = \/ LA G'PT%
E" _ 90 _1Asinkx-e™ ‘
ox

B = _ 90 _ 1A coskx e
0z

og i vakuum féas
El= _9% _Asinkx e
ox

E! = 9 _ _yAcoskx-e*
0z

kontinuitetsbet. forz=0 )
E,, kontinuerlig: £ =E;
= kAsinkx = kAsinx OK
D, kontinuerlig. D = eE

= ekA coskx = ~kA coskx
=g=-1
) 2
For fri elektroner har vi e =1—-—
0
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a)

b)

The fields are given by E = —VV—%;: and B=VxA. From V‘(VXA)E 0 and

VxVV =0 the following pair of Maxwell’s equations are automatically satisfied:

V-B=V-(VxA)=0 and VxE=-VXVV--§;(VxA)=-%§.QED!

From the last two of Maxwell's equations we obtain:

V-E=p/e,= —VZV—-—(%(V-A)= ple, =

vy +§£(V-A)= - p/e,.
(A)

and: VxB=pu,J+ MOEO%—?—:

oV 9’A
—
ot ot

Vx(VxA)=V(V-A)-V?A = pJ - uoso(V— +

2

VZA—sOMO%= —MOJ+V(SOMO%+V~A).

(B)

A gauge transform is any change of the potentials V and A that does not change
D 0A

the resulting fields: E=-VJ} - = and B=VxA.

Substituting the Lorentz gauge-condition, V- A = - uoeo%lti , into equations (A)

and (B) above, we directly obtain the given wave equations:

2 2

oV ‘A
V2V—eou0?=—p/eo and VZA—EOMO?=—MOJ.QED!

The solutions for V and A are not independent because the two wave equations in

c) apply only when V and A are interrelated by the Lorentz gauge-condition. Then




p and J in the two wave equations automatically satisfy the charge conservation

equation.

¢) Sor Gw‘ﬁg’% ) e ounpte 102 pege 425,

Example 10.2
An infinite straight wire carries the current

0, “fort <0,
I1(t) =
Iy, fort > 0.

That is, a constant current /j is turned on abruptly at + = 0. Find the resulting electric and
magnetic fields.

Solution: The wire is presumably electrically neutral, so the scalar potential is zero. Let the
wire lie along the 7 axis (Fig. 10.4); the retarded vector potential at point P is

% f
A(s,;)_-.f—n(lzf —%dz.
-0

Fort < s/c, the “news” has not yet reached P, and the potential is zero. Forf > s /c, only

the segment
|z </ (ct)? — 52 (10.25)

contributes (outside this range #, is negative, so I (¢,) = 0); thus

I A (ct)* =52 d
As,f) = (Eﬁ—oz>z/ -
4 0 32 -+ Z2

1
miln( 524272 47)
2

]

Vien?—s? woly | <ct ++/(cr)? ~32> R
= n Z,

s

0 i 2w

dz

Figure 10.4

The electric field is
E(S, [) - o ,U«(_)[O( .

__tohe
0t onler?—s52

and the magnetic field is

B, =Vxa=_Odzs ol o

Notice that as t — o0 we recover the static case: E = 0, B = (noly/2ms) $




