Other Common Way to Write
Ohm's Law

m J=c E or similar to above E = J/c
» neutralizing all the variables for the size of the system
m ] is current density: /A
m Gis conductivity
» o=1/p
» a material's property- has nothing to do with size &
shape of your wire!
m E Electric field strength- is related to force (and
voltage)
»E=V/L
»F=¢cE

Electron Scattering
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Drift Velocity
Vae = EEX
m
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»stronger field E or smaller mass, bigger v

1: time between scattering events (mean
time between collisions)

1/z: frequency of getting scattered

By =—  u; is drift mobility =v,/E
m
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Conductivity (or Resistivty)
Accounts for Drift Velocity
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Temperature Dependence of

Resistivity of Metals
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Mathiessen's Rule

m All these scattering events are accounted for
by Mathiessen's Rule
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m p =p; (or py) + p; (or pg, Residual: due to
defects & impurities)




Overall Temperature Dependence
of Resistivity

m Unlike scattering due to the lattice, residual
resistivity has very little temperature dependence
» This gives p=AT+B
» A comes about from lattice processes, B from residual
m Typically rather than list A & B, they give the
TCR (temperature coefficient of resistivity) o,
> p=p, [1+a,(T-To)]
P, is the resistivity at a reference T (273K or 293K)
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Why is the T Dependence of
Iconel, Monel, and NiCr
Different Than the Elements??
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Effect of Various Scattering
Mechanisms on Resistivity

Fig. 2.8: Typical temperature dependence of the resistivity
of annealed and cold worked (deformed) copper containing
various amount of Ni in atomic percentage (data adapted
from L.O. Linde, Ann. Physik, 5, 219 (1932))
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Resistivity Increases with
Alloying

M1
York. 1958]
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What is happening in the Cu-Au
system?
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Fig. 2.11: Electrical resistirity vs. composition at room
temperature in Cu-Au alloys. The quenched sample (dashed

curve) is obtained by quenching the liquid and has the Cu

and Au atoms randomly mixed The resistivity obeys the

Nordheim rule. On the other hand, when the quenched

sample is annealed or the liquid slowly cooled (solid curve),

certain compositions (Cu3Au and CuAu)result in an

ordered crystalline structure in which Cu and Au atoms are

positioned in an ordered fashion in the crystal and the "
scattering effect is reduced.
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