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Electronic propertie

Applied +
= Field Ohm's Triangle

v
I [R

Cover the variable you want to find and perform
the resulting cal culation (Multiplication/Division)
as indicated.

Primer Materials For Science Teaching



V| 1-current [A] L[m]
Joies E V — Voltage [V] < >
R — Resistance [Q] o[m-Q]
P, il p — electrical resistivity A[m?]
Power dissipation: 2 (Material property)
P e I : R =3 V ; | s ? |
P — Watt [W] I
Voltage=[V]
o=1 i Bk
— o — electrical conductivity [S/m =

Resistance has geometrical dependence

/ I/A J — Current density (flux) ] et g E

E:V/L E — electric field [V/m]




. = ez, T:
n — electron density i@ E

n, — metal ion density
e — electron charge
m,- electron mass

- mobility Dl
a- atomic (metallic) radius {j\

(@)

Assumptions

*All atoms gives their valance electron to the ‘sea of electron’
lon are localized, Electron moves in straight lines between collisions
*Relaxation time: t — time between collisions

net
o = une papa The electrical conductivity related to
m, the relaxation time
er 1
lLl e e me me

A = :
m, pne? nm’® \3KT



Typical relaxation times

Table 1.3
Table 1.2
ELECTRICAL RESISTIV[T":_S OF SELECTED ELEMENTS‘ DRlDE REL\\*\HO:\ fl\lLb l\ l_l\lIS OF 10 14 SE(O\D'
ELEMENT 77 K 273 3
ELEMENT 77K 273 K 373K :_&;%ﬁ 2 : K I 73, K
. Pt hisk Li 73 088 06l
Li 1.04 8.55 12.4 1.06 Na 17 32
Na 08 4.2 Melted K 18 4.1
K 1.38 6.1 Melted R
Rb 22 11.0 Melted b i e
Cs 8.6 2.1
Cs 45 18.8 Melted
Cu 0.2 1.56 2.24 1.05 Cu 21 2.7 1.9
Ag 0.3 1.51 2.13 1.03 Ag 20 4.0 38
Au 0.5 2.04 2.84 1.02 Au 12 30 21
Be 28 5.3 1.39 Be 0.51 0:27
Mg 0.62 3.9 5.6 1.05 M 6.7 11 1
Ca 3.43 5.0 1.07 C ag 22 ?;
Sr 7 23 = )
Ba 17 60 Sr 1.4 0.44
Nb 3.0 15.2 19.2 0.92 Ba 0.66 0.19
Fe 0.66 8.9 14.7 1.21 Nb 21 0.42 033
Zn 1.1 55 7.8 1.04 Fe 3.2 0.24 0.14
Cd 1.6 6.8 Zn 24 0.49 0.34
Hg 5.8 Melted Melted d
Al 0.3 2.45 3.55 1.06 ﬁ f)‘; [ 0.56
Ga 275 13.6 Melted B : )
In 1.8 8.0 12.1 L1 Al 6.5 0.80 0.55
T 3.7 15 28 1.11 Ga 0.84 0.17
Sn 2.1 106 158 1.09 In 1.7 0.38 0.25
Pb 47 19.0 21.0 1.04 T 091 0.22 0.15
Bi 32 lg; lgg ; ?? Sn 1.1 0.23 0.15
o ] ) ) Pb 0.57 0.14 0.099
“ Resistivities in microhm centimeters are given at 77 K (the boiling point othmd Bi 0.072 0.023 0.016
mtmeen al atmospheric pressure), 273 K, and 373 K. The last column gives the

approxumate linear temperalure

d [“Q Cm] = 1X1O S[Q m] iture,
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Sb 0.27 0.055 0 036

“ Relaxation times are calculated from the data in Tables 1.1 and 1.2,
and Eq. (1.8). The slight temperature dependence of n is ignored.
-
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Dritt velocity

/ SKT
V., — thermal velocity SN e
E — electric field il
V.« — drift velocity

Jesgle = eV

»When J = 0 the drift velocity is zero. Meaning that in average each
electron has zero displacement
»When J # electron moves with typical velocity of v ...,

Electron moves in metal



http://www.youtube.com/watch?v=dyX5I_io7bg
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Example 1

You apply a potential difference of 4.5 [V] between the ends of a wire
that is 2.5 [m] in length and 0.64 [mm] in radius. The resulting current
through the wire is 18 [A]. What is the resistivity of the wire? What is
the heat loss?

R=V/1=0.25[0]
A=mr?=129X10"¢

R-A
p=——=129X10"°[ - m]

P=1-V=1I?-R=81[W]



The resistivity of Cu is 1.7x108 Qm at 300 K and the electron density is
8.5x10%8 m-3,

(a) Calculate the relaxation time of electrons in Cu at 300 K .

(b) Calculate the mean free path of the electrons using Drude
approximation.

me 14 m,=9.1093837 x 103! Kg

a)y 1= LA oL e=1.60217663 x 1019 C

p-n-e
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KT Ith
b) Vtherzz(g j Ither := Vither-t tsr = 2874 nm
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Classical Hall éffect

orentz force: F; =e vxH;

Electrostatic force: Fe=Ee=V e/l

At equilibrium F; = Frand

U

vxH=V,/h

H
'\

Current density is related to the velocity as ven=I/(dh) =

R;, 1s Hall constant




Prove that the combination of Hall effect measurements and resitivity
measurements permits determination of the electron relaxation time

ey

e-nN
Hall voltage V, =R, .+ 7] H. |
d e-n-d e-d-V,

nez’[ meG me O—dvh
—>T= =

Conductivity o = 7
me ne H-|-e




