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Problem-Solving Strategies
for continuous charge distributions
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Problem-Solving Strategies Summing Electric Fields

We have discussed how electric field can be calculated for both the discrete and
continuous charge distributions.
For the former, we apply the superposition principle:

For the latter, we must evaluate the vector integral

o 1 _[ dqf‘,

dre, 1’

where r 1s the distance from dq to the field point P and r” is the corresponding unit vector.
To complete the integration, we shall follow the procedures outlined below:

depending on

(1) Start with dE = : d? r. Adl (length) whether the charge
4re, r° dg =10 dA (area) 1s distributed over a
. ’ length, an area, or a
(2) Rewrite the charge element dg as pdV (volume) volume.
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Problem-Solving Strategies

(3) Substitute dg into the expression for dE .

(4) Specify an appropriate coordinate system (Cartesian, cylindrical or spherical) and
express the differential element (d(, dA, or dV ) and r in terms of the coordinates
(see Table 2.1 below for summary.)

Cartesian (x, y, z) Cylindrical (p, ¢, z) Spherical (7, 6, ¢)
dl dx, dy, dz dp, pde, dz dr, rd@, rsm@do
dA | dxdy, dydz, dzdx | dpdz, pdodz, pdodp | rdrd@, rsin@drde, r*sin@d6do
dv dx dy dz pdpdod: r’sin@drd6do

(5) Rewrite dE in terms of the integration variable(s), and apply symmetry argument to
1identify non-vanishing component(s) of the electric field.

(6) Complete the integration to obtain E.

In the Table below we illustrate how the above methodologies can be utilized to compute
the electric field for an infinite line charge, a ring of charge and a uniformly charged disk.
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Line charge

Ring of charge

)

dF.

Uniformly charged disk

dE

R p
9", dgq /
= \r E i
Figure » 9 T " y. EZ
P g [_( --,‘._"_
3 - u‘f;" G R .\;\” \\dr'\
: —:Iq
0 dx
, . X
(2) Express dg 1n
terms of charge dg = Adx’ dg=Ad( dg =0 dA
density
Adx’ Adl odA
(3) Write down dE dE =k, — dE =k —; dE =k, —;
r- | re
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(4) Rewrite r and the dx’ =R d‘i” dA=2rr'dr
differential element ¥y - z

in terms of the cosf = ? cosf =— cosf =—
appropriate

coordinates y = 1} +_], p= ,,’RE + -2 F=r’ 422
(5) Apply symmetry | dE =dE cosf dE. =dE cos@ dE. =dE cos O
argument to identify Aydx’ ARzd¢’ Y76 = dr

non-vanishing
component(s) of dE

- e o 12 243/2
(X" +y7)

- E(R2+zl)3':2

e (F-'E +:2)3."2

(6) Integrate to get £

_,—k.lyj

dx

{x +y° )J'
_2k+_,l (/2

Y oJ(L/2) +y

) RAz ¥ ,
E =k, (R* +z2)" J-a't,tr

(2 RA)z
=R, (R +22)"°
Oz
‘(R +22)"°

1
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Problem-Solving Strategies using Gauss’ Law

1. Select a Gaussian surface with symmetry that “"matches” the
charge distribution.

Use symmetry to determine the direction of E on the Gaussian surface.

You want E to be constant in magnltude and everywhere perpendicular
to the surface, so that FE-dA=EdA .

.. or else everywhere parallel to the surface so that E-dA=0.

2. Evaluate the surface integral (electric flux).

3. Determine the charge inside the Gaussian surface.

4. Solve for E

Don't forget that to completely specify a vector, your answer must contain
information about its direction.
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Infinite line of

Infinite plane of

Uniformly charged

System :
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Choose Gaussian
surface
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Concentric sphere

O, = E(4nr?)

galculate electric O = E(27zrrl) & = A BEA—=9EA

ux E E

Calculate enclosed rla) r<a

qg. =AMl q. =04 .. = Owi a)
charge ¢ enc s = @ F2d
r

Apply Gauss’s law - gs © =
A o} 4re,a

(I)Ezqin/goto E=2 E=2— E =X

find E - & L, r=a
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