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Coulomb's Law for Continuous Charge Distributions

If a charge distribution is conti then the natural extension of Coulomb's Law is
to inregrate the electric field or force over the contributions from the infinitesimal
charge elements dg at 7":

1
Are,

E(r) =

[ 7= Reatry (24)

where R varies with the location 7" of dq as the integral is performed. dq is
admittedly undefined here. However, before worrying abeut that, let us note that the
integrand is a vector and so this integral requires some care: we must break up R into
its components and individually integrate each comp t. Far ple, if we use
Cartesian coordinates, then R = ¥ (R %X| + ¥ (R - ¥) ~Z[R.Z], and, since the
Cartesian unit vectors do not depend on the location of the infinitesimal charge
dq(F'), we may write the integral out as follows:

E(n = (25)

o [ & R ar 45 [ 5 (R-5) aatey+2 [ 25 (R-2) ot

which is sum of three integrals with scalar integrands.
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Section 1.5 Revew of Basks of Elecirostation: Coulomb's Law ang the Blectric Fisld

Now, consider some specific charge distributions:

» volume charge distribution:

with p(#") having units of C m~3,
1 dr oli) =~ 7' running over all points in the
E(f) = mmmme R volume distribution V. and dr' (2.6)
Areo Jy being the differential velume
element at 7' for V

» surface charge distribution:

with o(#’) having units of C m~—2,
v F' running over all points in the
1 A8 P
E() = [ il ) R surface distribution S, and da’ 27
g being the differential area efement
at ¥ for S




Coulomb's Law and the Electric Field
Coulomb's Law, Electrostatic Forces, and Superposition
We begin with two empirical facts:

» Coulomb's Law: the empirical fact that the force on a test charge g at position
7' due to a source charge ' at r'* is given by Coulomb's Law:

- 1 dQ"‘ . | = —
o with R=7-7 (21)

where ¢, = 8.85 % 10-*2 C N~! m~2. The force points along the line from g’
to g as indicated by the sign of the definition of R. The electric eharge is in the
units of Couwfombs (C), which is a fundamental unit that cannot be written in
terms of ather fundamental units

Recall that: we use ~rather than boldface to indicate vectors; R where Griffiths
uses a script r; and a different convention from Griffiths for the symbols for the
two charges and their position vectors,

> Superposition: the empirical fact that Coulomb’s Law obeys the principle of
superposition: the farce on a test charge g at 7 due to N charges {gf} at
positions {1} is obtained by summing the individual vector forces:

N n
1 4 R e e
g:zlﬁ',-.—;‘ﬂt“%;k.‘ with Ri=r-r (2-2)
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Section 2.3 Review of Basics of Electrestatics: Coulomb's Law and the Electeic Field

The Electric Field

Given that any test charge g placed at the position r feels the same force, we are
motivated to abstract away the test charge and define what we call the electric field
at that position 7

E(R) = F - 5-'; R for a single source charge q at 7'
~3 e 3"—.“ %k; for N source charges {g/} at positions {7}

(23)

The electric field has units of N/C.



» volume charge distribution:

£ = g [ THDVR

dre, R?

with A7) having units of C m~3,
7" running over all peints in the
volume distribution V', and dr’
being the differential volume
element at 7 for V

» surface charge distribution:

E(A) =

1 Ldz’a(r") &

dme,

with a(#') having units of C m~2,
7' running over all peints in the
surface distribution S, and da’
being the differential area element
at 7 for §
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* line charge distribution:

Coulomb's Laev for €

Charge Distribui

el the Flacrrs Fleld

By i) fcdl',\(F')k

4xeg R

with A(F") having units of C m~7,
7 running over all paints in the
line distribution C, and d¢' being
the differential length element

at /' for

(2:6)

(2.7
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(28)

Using the Dirac delta function we will define below, ane can write the first two as
special cases of the latter, using delta functions in the dimensions in which the charge

distribution has no extent.



