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Electromagnetics:
Electromagnetic Field Theory

Example:
Uniform Finite Line Charge

1
Total Charge Qtotal
What is the total charge Qrotal?
z
1. Draw the problem.
2. Choose a coordinate system.
R Cartesian
B 3. Write general equation.
Or = [ Pl
4. Write expressions for each term.
pé P =P, dl=dz
Zy 5. Choose limits of integration.
0= | P
y 1
6. Solve the integral.
Oroa = Ip,dz = p/z‘ji =p (ZB ’ZA)
7. Interpret the result.
for uniform charge density
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Total Field BTotal

What is the total field BTotal?
1. Draw the problem.
Total
2. Choose a coordinate system.
Cartesian
3. Write general equation.
‘To\al = J%&R
4. Write expressions for each term.
i, R
R’ ‘RN

P=p dl=dz

5. Choose limits of integration.

y -

Drya :%:ﬁdz'
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Total Field 5Total

What is the total field Dpoar?
D 6. Solve the ?nt?gral.

Total

= AR
Dry = ar .[ —dz

«.‘3

24

Rather than integrate over z, integrate over the
angle ¢.
g
3> 5P
dz'—9 Total — T

R\ -2

S5
-~

From the figure,

y z—2

tang =

— Z'=z-ptang

Differentiate to get
dz' =—psec’ pdg
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Total Field BTotal

What is the total field BTotal?
6. Solve the integral cont’d...

Write an expression for R
R=pa,+(z-2)a,
=pa,+ptanga,
P

= s (cos ga, +sin ¢&:)

= psec¢(cos¢&p +singa, )
Magnitude is 1

Magnitude is
‘R‘ psecqﬁ)

y Plug everything back into integral.

R dz'

g

psec¢ cosga, +singa. A
)(—psec‘ ¢d¢)

psec¢)

%

yee|
Tolal

4r W

-3

7
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Total Field 5Total

What is the total field Dpoar?
D 6. Solve the integral cont’d...

Total

Simplify integral.

J_\g c%;—sm(pa )( Nﬁd’lﬁ)

=— 4’;0 ;!:(cos ga, +singa, )d¢

To! al =

Perform integration.

s P (in gn A \[%
Dy = —%(sm(pa/) —cosga, ) A

2, _(sin¢zftﬂ—cos¢zd:)
Y - E_—(sin(é,&ﬂ—cosqéﬁz)

o, [(sing, —sing, ),
4zp 7+(COS ¢ —cosg,)a,

_p, {(sin(ﬁ,—sinqﬁz)dp }

47p| +(cosp, —cosd,)a,
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Total Field BTotal

What is the total field BTotal?

7. Interpret the result.

The final answer...

DTula] 472_

:L[(singﬁ1 —sing,)a, +(cosg, —cosgﬁl)&::l
p

|5| decays as 1/p.
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