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Electromagnetics:
Electromagnetic Field Theory

Example:
Uniform Spherical Charge

S EMPossible

Example #5 — Spherical Volume Charge

dv at (r,0,9)

What is the total charge Or,.,,?

1. Draw the problem.

2. Choose a coordinate system.
Spherical

3. Write general equation.
O = [[[ Py

4. Write expressions for each term.
py=p,  dv=r'sinfdrdfds

5. Choose limits of integration.

Orou = j j T p,r’sin0drdfdp

6=0$=0 =0
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S EMPossible

Example #5 — Spherical Volume Charge

What is the total charge Oy, ?

6. Solve the integral.

7 27 R
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Example #5 — Spherical Volume Charge

What is the total charge Or,.,,?

6. Solve the integral.
[ sinodo

6=0

2mp, R’

Total —

dv at (r,0,9)

= 27[p3"RJ (—cos 6)‘”7

Y :M[(—Cosﬂ)—(—coso)]

7. Interpret the result.

Oro =P,V for uniform charge density
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Example #5 — Spherical Volume Charge

What is the total field BTotal?
1. Draw the problem.

2. Choose a coordinate system.
Spherical
3. Write general equation.

DTma\ = H f];ld;; ay

4. Write expressions for each term.

Due to symmetry, the field will only point outward in the @,
direction.

For this reason, we can solve for the field at any convenient point
and we will know the field at any other point.

We will choose to calculate Drqa) along the z-axis.

aR|Z — cosaa,

Dy = I I f 7‘7;1; cosad,
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Example #5 — Spherical Volume Charge
What is the total field Dyoga ?
4. Write expressions for each term (continued)
= Py ;
Dy = JI R cosaa,
2 . Prime notation for position
dv=r"sin 9'dr'd9'd¢' of integration within sphere.
y R =22 41— 22" cosd' :gsl\é law of cosines to

2 1?2 2

s » ZArT R
2zr'
” 2 2 Apply law of cosines to
r'“=z"+R" —-2zRcosa figure again.
2L R?
cosq =————
2zR
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Example #5 — Spherical Volume Charge

z What is the total field BTotal?

5. Choose limits of integration

It will be easiest to integrate in terms of R and 1.

dvat (r,0,¢) dv =r"sin@'dr'd0'd¢’  Needto convert this

Relate d@' and dR by differentiating...
______________ 2, 2
z2+r'" =R
y c0sl) = ————
2zr
. +0—-2RdR
—sin0'd0’ :u
2zr'
. R
sin@'d0’' = —dR
zr
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Example #5 — Spherical Volume Charge

z What is the total field Dpoar?
5. Choose limits of integration (continued)
T dv=r7sin@drdo'dy

N Py ~ dv ’
DTntal :Ear'_‘] R? ZZ—I"2+R2

N ST T ok
y r?sin@'dr'd0'd ¢’ ) JERNEIS
o (=5
47z

dv at (r,0,9)

—————————————

2zR

oA nadrdedy
S G

sin@'dl' = i, dR

zr
p‘ i mz _ZerR 'ngRdr’d(/ﬁ’
p‘ ; Hj S ’der'd¢
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Example #5 — Spherical Volume Charge

z What is the total field BTotal?

5. Choose limits of integration (continued)

2t a z+r' 2 g2 2
s =22, [ | [ 2 vararay
dv at (r,0.4) Ar il loge 2R
_________ S 6. Solve integration
: : y a z+r' 2z 22 2
— p\2d1< J J‘ d¢/ [Z r 2+R Jr'der!
87z =0 R=z—1r"\_¢'=0 R
X 2z
=25 Z o 1|rdRar
42 r'=0 R=z-r"
a 2 1?2 !
= P‘Z , j [—Z 4 +Rj r'dr'
4z " 2, R .
2 ” z+r
_ETN 4R =4
R z—r
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Example #5 — Spherical Volume Charge
z What is the total field Dyoga ?
6. Solve integration (continued)
= P, A h ’ g p A h ”2 ’
D, = a4\ rdr =F d
ot () ot =13 a,rJ;O( ) rdr =4 ,»'[or r
93 a
P P af P (5
g7 . _zzar3 —3zzarr 0—3zza,_(a 0)
y 0
3 3
- a . a .
DTolal = p" 2 ar = pv_Za"
3z 3r
X
7. Interpret the result
4R’
Recall  Orou =P, ——
3
DTotal = QTO‘?‘Z] dr
4rr
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