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closed cireuit eonsisting of an
etrolytic cell and a wire.

4-4] ELECTRICAL CONDUCTIVITY 91

point of the cireuit, the current immediately ceases. The circuit is then
said to be open. o

Notice carefully that the divection of the conventional current is
“from plus to minus’ in the exiernal cireuit only. Within the cell, the

direction is from minus to plus.

4-4 Electrical conductivity. In order to maintain a current in a con-
ductor there must be an electric field or a potential gradient within it.
Conducting materials differ from one another, however, in the magnitude of
the current density established by v, v,
a given electric field. Fig. 4-4rep- ~— / I
resents a portion of a econductor of '
cross section A within which there

is a (conventional) current ¢ and a

-—-—-—-—-1‘

Fio. 4. Current within & portion of &

current density J = ";I . The elee- conductor.

trie intensity at the shaded section is E. The ratio of the current density

' to the electric intensity, or the current density per unit electric intensity,

is called the electrical conductivity of the material and is represented by o.

a=-}%, or J.SJE (4-6)

The greater the conductivity, the greater the current demsity for a
given electric intensity. The conductivity of a given material varies
with temperature, and to a small degree with other physical condifions
which will be mentioned later. For many materials, notably the metals,
the conductivity is independent of the current density. On the other
hand, there are substances for which the conductivity varies markedly
with current density.

Current density is g vector,

in the same direction as the field. The vector form
of Bq. (4-6) is therefore ‘

T=qE ,
Eq. (4-6) may be put in the following form. If we replace E by

1
—g’;—,andey%,weobtain

g = —gd—" 47)
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92 CURRENT, RESISTANCE, RESISTIVITY RESISTANCE AND Rl

T4 is interesting to note that this equation is exactly a.naiogdus ; aditions 4, ¢, and A are all const:

equation of steady-state heat conduction, ; gted. Take the X-axis along the
 dp =
H=-KA E‘if. :
. g fL de =
The electrical current ¢ corresponds to the heat current H, the 0 i =

trical conductivity ¢ to the thermal conductivity K, and the pot

dv . ;e
gradient o to the temperature gradient g;t . L=

The relation between the conduction of electricity and the eonduction of This is the desired relation bets

more than a mere mathematieal analogy. The free electrons which are the earti
charge in electrical conduetion also play an important role in the conduetion of
and hence a correlation can be expected between electrical and thermal condu
It is & familiar fact that pood electrical conductors, such as the metals, are goot
ductors of heat, while poor eleotrical conductors are also poor conductors of hea

Theoretical ressoning which we cannot go into here predicts the foliowin,
tion, known as the Wiedemann-Frans law, between the thermsl and electrical con

tivities of metals:
2
E_o(¥1
r e

where & is the Boltzmann constant, ¢ the electronic charge, and T the Kelvin tem
ture. ’

he potential difference between it

e conduciance of the wire. The
£he current for a given potential dil
- In practice, the reciprocal of t
B almost universally used. Resis
. forr). Evidently, for 2 homogene
- and for which e is constant,

R -

The conducting properties of 1
terms of the reciprocal of the conc

4-5 Resistance and resistivity. Ohm'’s law, While the rela
noted by p.

J = oF is the fundamental equation of electrical conduction, it is mi
convenient in practice to work with currents and potential differen
than with current densities and electrlc intensities. For this purpose
start with the equivalent form

p

In terms of resistivity Eq. (4-9) k

E

and consider a eonductor of length L and constant cross section A (F
4-5) in which there is a current . Let V, and T, be the potentials &

terminals. We shall restrict the discussion to materials for which « and in terms of resistance Hq. (4-8)

independent of J and shall assume the temperature (and any other facto . Va-
affecting o) to be the same at all points of the conductor.. Under thi T
—A';Q i ‘
L ‘ Va
Fia. 4-5. Conductor of length L and constant eross section.
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ESISTIVITY [Craz. 4
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into here predicts the following rela-
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o
v

V:-

(4-7)

1 constant cross section 4 (Fig.
and Vs be the potentials at its
ion to materials for which ¢ is
nperature (and any other factors
of the conductor Under these

il constent cross section.

4-5] RESISTANCE AND RESISTIVITY. OHM'S LAW 93

conditions %, o, and A are all constants and Eq. (4-7) can readily be inte-
grated. Ta.ke the X-axis along the wire with origin at end a. Then

ide = —acA dV
L 7,
zf dr = —gA | av
0 Ve
L = cA (Vo — V)
A _
i = "I— (Vo — V). (4-8)

This is the desired relation between the current in the conductor aﬁd
. 7:
the potential difference between its terminals. The factor q-_L_ is called

the conduciance of the wire. The greater the conductance, the greater
the current for a given potential difference.

In practice, the reciprocal of the conductance, called the reszstance
is almost universally used. Resistance is represented by the leiter R
(or ). Evidently, for a homogeneous conductor of constant cross section

and for which ¢ is constant,
L
R = vl (4-9)
The condueting properties of materials are commonly tabulated in
terms of the reciprocal of the conductivity, called the resistivity and de-

notéd by p.

1
p o=+
[
In terms of resistivity Eq. (4-9) becomes
R = Ef’ {4-10)
and in terms of resistance Eq. (4-8) becomes
V=V _Va
R R
or
Va =REi- | (4-11)
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