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1. Vocabulary: thermal equilibrium (MISN-0-157), inelastic collision,
thermal gradient, hydrodynamic motion, mass transport, valence
electrons, steady state.

2. Given dielectric media in conjunction with conducting surfaces,
use appropriate boundary conditions to determine the potential,
electric field and displacement in the media (MISN-0-507).

3. Determine the capacitance per unit length of a pair of long, coax-
ial, cylindrical conducting shells (MISN-0-135).

Output Skills (Knowledge):

K1. Vocabulary: drift motion, thermal motion, conduction current,
convection current, resistivity, conductivity, resistance.

K2. State the definition of the current density both in terms of macro-
scopic quantities only and microscopic quantities only.

K3. State the continuity equation that expresses the conservation of
charge.

K4. State Ohm’s law both in terms of current density and electric field
and in terms of potential difference and current.

Output Skills (Problem Solving):

S1. Given a conducting medium bounded by known potential surfaces,
use Ohm’s law to calculate the current density, current per unit
length, or current in the medium, and the resistance or resistance
per unit length of the medium.

External Resources (Required):

1. J.Reitz, F. Milford and R. Christy, Foundations of Electromagnetic
Theory, 4th Edition, Addison-Wesley (1993).

THIS IS A DEVELOPMENTAL-STAGE PUBLICATION
OF PROJECT PHYSNET

The goal of our project is to assist a network of educators and scientists in
transferring physics from one person to another. We support manuscript
processing and distribution, along with communication and information
systems. We also work with employers to identify basic scientific skills
as well as physics topics that are needed in science and technology. A
number of our publications are aimed at assisting users in acquiring such
skills.

Our publications are designed: (i) to be updated quickly in response to
field tests and new scientific developments; (ii) to be used in both class-
room and professional settings; (iii) to show the prerequisite dependen-
cies existing among the various chunks of physics knowledge and skill,
as a guide both to mental organization and to use of the materials; and
(iv) to be adapted quickly to specific user needs ranging from single-skill
instruction to complete custom textbooks.

New authors, reviewers and field testers are welcome.

PROJECT STAFF

Andrew Schnepp Webmaster
Eugene Kales Graphics
Peter Signell Project Director

ADVISORY COMMITTEE

D. Alan Bromley Yale University
E. Leonard Jossem The Ohio State University
A. A.Strassenburg S.U.N.Y., Stony Brook

Views expressed in a module are those of the module author(s) and are
not necessarily those of other project participants.

(© 2001, Peter Signell for Project PHYSNET, Physics-Astronomy Bldg.,
Mich. State Univ., E. Lansing, MI 48824; (517) 355-3784. For our liberal
use policies see:

http://www.physnet.org/home/modules/license.html.



MISN-0-550 1

ELECTRIC CURRENT DENSITY
by
R. Young

1. Introduction

This unit is involved with electric current. After defining electric
current and discussing the nature of electric current, the electric current
density J(7) is defined. The electric current density J(7) so defined is
another vector field which enters directly into the differential equations
of electromagnetic theory, that is, Maxwell’s equations. One of these
differential equations, the equation of continuity, which is essentially a
statement of the conservation of electric charge, relates the current density

-

J(7,t) and the charge density p(7,t).

op = =
EJFV'J—O.

Notice that an explicit time dependence is included in the current
and charge density.

2. Objectives

You should be able to do each of the following without the aid of
books or notes except where explicitly indicated otherwise:

1. Write down a definition or explanation in one or two sentences, using
an explanatory equation where appropriate, for each of the following
terms and concepts:

Drift motion
Thermal motion
Resistivity, n
Resistance, R
Conduction current
Convection current

—

Conductivity, g(E)
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2. Write down the definition of the current density J in terms of macro-
scopic quantities as in Eq. 7-5 and microscopic quantities as in Eq. 7-4.
Write down the equation of continuity (Eq.7-9) which expresses the
principle of conservation of charge. Write down the empirical relation
known as Ohm’s law both in terms of the electric field E and cur-
rent density J (Eq. 7-10) and in terms of potential difference AV and
current I (Eq. 7-15).

3. Solve simple problems involving the above concepts and laws. The
problems are listed in the Procedures below.

3. Procedures

1. Read Sections 7-1 through 7-3 in the text, including the introduction
to Chapter 7. Write down or underline in the text the definitions or
explanations of the following terms or concepts:

Drift motion

Thermal motion

Conduction current

Convection current
These concepts are explained in the text. Also, write down or underline
in the text the definitions or explanations of the following terms or
concepts:

Conductivity, g(E)

Resistivity, n

Resistance, R
2. Write down or mark in the text each of the following:

Definition of current density J in terms of macroscopic quantities
(Eq. 7-5)

Definition of current density J in terms of microscopic quantities
(Eq. 7-4)

Equation of continuity (Eq. 7-9)

Ohm’s law in terms of J and E (Eq. 7-10)

Ohm’s law in terms of AV and I (Eq.7-15)
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Be able to explain all quantities and symbols which appear in these
definitions, etc.

3. Read the Supplementary Notes for an example of the types of problems
you must solve in Procedure 4.

4. Solve the following problems: Problem 7-7, 7-8, 7-10

4. Supplementary Notes
4a. Problem 7-3.

Vi
7
conducting 3 7 Find: E(j[terf]tialat
plate \ / interface,
/g %// X=a.
Y,
x=0 X=4 x=d

At steady state, 9p/0t = 0 = V- J = 0. This condition on .J can be
used to show that the normal component of J is continuous across the

interface. So,
Jln = J2n . (1)

The proof is t_l'le same as outlined in S_gc. 4-7 of Ehe text for the dis-
placemgnt vector D. From_’OhI_p’s law, V-J =0 = V- -FE = 0. At steady
state, E = —VV so that V- E =0 = V2V = 0. So V can be written
as:

Vi(z) = aaz + B,
Va(z) = agz + B2,
where
Vi(x=0)=Vp, Vilx =a) =Va(x =a) = V3,
VQ (17 = d) = V2 .
Thus,
‘/1 = 51 ’

V3:a1a+V1:a2a+52
Vo =agd+ (.
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These equations can be easily solved for ay, as, §1 and [y to get:

Vs —V;
Vl(x)zgx+vl,
Vo — V-
Va(a) = —=—2a + Vs
Thus,
Vi =V, Vo — V-
B =-C"0 =20 )

But, Ji, = g1 E1 and Ja, = g2 F>. So, Egs. (1) and (2) give:

g1E1 = g2 Es
Va—V Vo —V3
g1 = g2 )
a d—a
Vigi(d — 1%
v, = 191 ( a) + 2920'

g1(d — a) + g2a

You can calculate the free charge density on the interface from

Dln* D2n:0-

4b. Answers to Assigned Problems. 7-8: n=2.7 x 1072Qm

7-10: J = —% (f cosf — fsin 0) , for a sphere of radius R.
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