Determining n and p: The Hall Effect
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Experimental Hall Results on Metals

 Valence=1 metals look like
free-electron Drude metals

e Valence=2 and 3,
magnitude and sign
suggest problems

Hall coefficients of selected elements in moderate to high fields*

* These are roughly the limiting values assumed by R,, as the field becomes
very large (of order 10? G), and the temperature very low, in carefully
prepared specimens. The data are quoted in the form ng:n. Where ny is the
density for which the Drude form (1.21) agrees with the measured

Ry:ng = -1/Ryec. Evidently the alkali metals obey the Drude result
reasonably well, the noble metals (Cu. Ag, Au) less well, and the remaining
entries, not at all.
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Response of free e- to AC Electric

| o Fields
e Microscopic picture
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What 1t ot>>1?

When will J = oE break down? It depends on electrons undergoing many
collisions, on the average a collision time t apart. As long as there are many
collisions per cycle of the AC field (wt<<1), the AC & will be = the DC o.
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But consider the other limit: wt>>1.
Now there will be many cycles of the field between collisions. In this limit, the
electrons will behave more like electrons in vacuum, and the relation between J
and E will be different x x




Complex Representation of Waves

sin(kx-mt), cos(kx-mt), and e kx-Y are all waves

e -ilcob 45 the complex one and is the most general
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Response of e- to AC Electric Fields

« Momentum represented in the complex plane

4 imaginary

p (0>>1/71)

real

p (0<<1/1)

Instead of a complex momentum, we can go back to macroscopic
and create a complex J and ¢
2

J(t)=J,e™  J, =—nev=_"Po _ I”e E,
m m(——lw)
T
o, ne’r




Response of e- to AC Electric Fields

 Low frequency (o<<1/7)

— electron has many collisions before
direction change

— Ohm’s Law: J follows E, o real
* High frequency (o>>1/1)

— electron has nearly 1 collision or less
when direction is changed D@O@O@O@
— Jimaginary and 90 degrees out of phase
with E, o is imaginary
Qualitatively:

01<<I, electrons in phase, re-irradiate, E.=E +E,, reflection
o1>>1, electrons out of phase, electrons too slow, less interaction,transmission e=¢.g, €,.=1

3x10"cm/sec
5000x10~*cm

r~10"sec,vl=cC,v= ~ 10" Hz

E-fields with frequencies greater than visible light frequency expected to be
beyond influence of free electrons




Response of light to interaction with
material

 Need Maxwell's equations
— from experiments. Gauss, Faraday, Ampere’s laws
— second term in Ampere’s is from the unification
— electromagnetic waves!
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Waves in Materials

* Non-magnetic material, p=p,

« Polarization non-existent or swamped by free electrons,
P=0
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Waves in Materials

 Waves slow down in materials (depends on g(»))
 Wavelength decreases (depends on g(m))
 Frequency dependence in g(®)
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For ot>>>1, ¢(w) goes to 1

For an excellent conductor (o, large), ignore 1, look at case for ot<<]

i 2 )
lo,T ~Ia)p2'

e(w) =~ —— =
w—1o°T )



Waves in Materials
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The skin depth can be defined by
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Waves in Materials

For a material with any o,,, look at case for mt>>1

2 o<, € is negative, k=k;, wave reflected

>0, € 18 positive, k=k,, wave propagates

v



Success and Failure of Free e- Picture

¢ Success K/o=thermal conduct./electrical conduct.~CT
— Metal conductivity 1
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— Hall effect valence=1 3
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Wiedmann-Franz ‘Success’

Experimental thermal conductivities and Lorenz numbers of selected metals

Thermoelectric Effect

Exposed Failure when
c, and v are not both

in property
E=QVT
— g nkb
Thermopower Q is Q = — . S
3ne 3ne

Table by MIT OpenCourseWare.

Thermopower is about 100 times too large!




