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91ELECTRICAL CONDUCTIVITY4-4]RESISTIVITY [Chap. 4

point of the circuit, the current immediately ceases. The circuit is then 

said to be open.
Notice carefully that the direction of the conventional current is 

“from plus to minus” in the external circuit only. Within the cell, the 

direction is from minus to plus.

ends of a wire are connected to fc
f#ent, potentials, such as the 
S be a current in the wire but 
anhins constant in time. Con­ 's.

r any short element of the wire 
hded by two transverse planes 
Mown shaded in Fig. 4-% If 
electrons in the wire are moving 
i left to right, negative charge is 
iring the element at its left face 
imntity of charge entering the 
ictiy equal to that leaving for, 
bhe element, and hence the po- 
cpnclude that the current must 

tnd therefore must be the

| 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 
a given electric field. Fig. 4-4 rep­
resents a portion of a conductor of 
cross section A within which there 
is a (conventional) current i and a

vbva
E

r—B
i
t

Fig. 4-4. Current within a portion of a 
conductor.i

current density J = — . The elec- 
A

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 <r.

same
t ai flow of electrons is like the

generator to which its ends are 
circuit or a closed circuit. An 
>ol -*(±- and a generator by 
which is normally at the higher 
i ciosed circuit. The light line 
ection of the- conventional cur-

J or / = <tE (4-6)<T = E’

The greater the conductivity, the greater the current density for a 
given .electric intensity. The conductivity of a given material varies 
with temperature, and to a small degree with other physical conditions 
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 a vector, in the same direction as the field. The vector form 

of Eq. (4-6) is therefore

l
in the opposite direction. The 
same direction as the conven- 3

losite direction.
i
it

i i + i

I i -i
it I

I. I I
f 7= <tE

Eq. (4-6) may be put in the following form. If we replace E by
dV i
—- , and J by — , we obtain 
dx A.

iI

IV
I

(-3t— = <r
A

i dV (4-7)— <tA -r~ *
4-3. A_ closed circuit consisting of an 

‘electrolytic cell and a wire.
i — dx

■
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RESISTANCE AND RlCURRENT, RESISTANCE, RESISTIVITY

It is interesting to note that this equation is exactly analogous 1 
equation of steady-state heat conduction,

92 Fv;3

!L iitions i, c, and A are all const; 
3d. Take the X-axis along the

i dx =
1
■'%

dtH =:
i t dx =

Jo
dx ¥ti; ..liiThe electrical current i corresponds to the heat current H} the| iL -'mtrical conductivity <r to the thermal conductivity K, and the poti!• sdV dt ¥. i =gradient — to the temperature gradient — * dx dx r

■ • p This is the desired relation beta 
flflije potential difference between it

conductance of the wire. The 
I Sae current for a given potential dii 
I In practice, the reciprocal of t 
| b almost universally used. Resis 
| (ot r). Evidently, for a homogene 

and for which <r is constant,

The relation between the conduction of electricity and the conduction of h^ 
more than a mere mathematical analogy. The free electrons which are the carrii 
charge in electrical conduction also play an important role in the conduction of| 
and hence a correlation can be expected between electrical and thermal conduct^ 
It is a familiar fact that good electrical conductors, such as the metals, are good| 
ductors of heat, while poor electrical conductors are also poor conductors of heat.';^ 

Theoretical reasoning which we cannot go into here predicts the following^ 
tion, known as the Wiedemann-Franz law, between the thermal and electrical con) 
tivities of metals:

■

w.
1

f-o1' t-l
i;
I

1
RMwhere k is the Boltzmann constant, e the electronic charge, and T the Kelvin tern; 

ture. :!'!« I The conducting properties of i 
terms of the reciprocal of the cone 
noted by p.

'W '■■■

k4-5 Resistance and resistivity. Ohm’s law. While the relatf 
J = <rE is the fundamental equation of electrical conduction, it is m| 
convenient in practice to work with currents and potential different 
than with current densities and electric intensities. For this purpose^ 
start with the equivalent form

h

P
w.

,1 In terms of resistivity Eq. (4-9) t
dV £ l'Ii — —oA ——> 
dx 0 1

R
and consider a conductor of length L and constant cross section A (F% 
4-5) in which there is a current i. Let Va and Vi be the potentials at il 
terminals. We shall restrict the discussion to materials for which 
independent of J and shall assume the temperature (and any other factbl 
affecting <r) to be the same at all points of the conductor. Under the®

I
and in terms of resistance Eq. (4-8)

. F* -f ^ —I 1
£1 orVa 3 ■I

■11 Vab—--------------------L----------------;—^

Fig. 4-5. Conductor of length L and constant cross section.
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93RESISTANCE AND RESISTIVITY. OHM’S LAWI: 4-si7, RESISTIVITY 

ition is exactly analogous to the

[Chap. 4
V

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

idx = —oAdV
fL CVb

i I dx = -<rA I dV
*Iq •'Ve

iL = <rA(ya - n)

y <y~ - ^)-

?!

i I
5;

gf:
io the heat current H} the elec- 
tductivity K, and the potentialm--

i
(4-8)i =

pJI This is the desired relation between the current in the conductor and
(rA

I the potential difference between its terminals. The factor -j~

[ the conductance of the wire.
the current for a given potential difference.

In practice, the reciprocal of the conductance, called the resistance, 
is almost universally used. Resistance is represented by the letter R 

| (or r). Evidently, for a homogeneous conductor of constant cross section 
I and for which <r is constant,

stticity and the conduction of heat is 
electrons which are the carriers of 

fortant role in the conduction of heat 
h electrical and thermal conductivity. 
qirs,; such as the metals, are good con- 
afe also poor conductors of heat, 
into here predicts the following rela- 
jeh the thermal and electrical conduc-

*
l is called

The greater the conductance, the greater
I
i
£■

T
L (4-9)R = —7

h cAnic charge, and T the Kelvin tempera-

The conducting properties of materials are commonly tabulated in 
I terms of the reciprocal of the conductivity, called the resistivity and de- 
| noted by p.
£•

an's law. While the relation 
electrical conduction, it is more 
rrents and potential differences 
ntensities. For this purpose we

% 1
P “ -<r

f:
t . In terms of resistivity Eq. (4-9) becomes

V- (4-7) I
R-*r (4-10)

S' A•|
i constant cross section A (Fig. 
# and Vb be the potentials at its 
ion to materials for which <r is 
aperature (and any other factors 
of the conductor. Under these

t
'?:|
p and in terms of resistance Eq. (4-8) becomes

1
Vab. Fa -I

1 t = R R
i- or

Vf

Va =Ri- (4-11)

id,constant cross section.
r
I;s:r
I
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