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6.641, Electromagnetic Fields, Forces, and Motion
Prof. Markus Zahn
Lecture 5: Method of Images
I. Point Charge Above Ground Plane

1. Potential and Electric Field
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(perpendicular to equipotential ground plane)
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2. Gauss’s Law Boundary Condition

isoE-da = J:pdv
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3. Back to Point Charge Above Ground Plane
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II. Point Charge and Sphere

1. Grounded Sphere

Cordueting sphare
4 zero potential

q

Induning chorge
outside sphere

fak
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Figure 2.27  (a) The field due 10 a point charge 4, a distance I ouwtside a conducting
sphere of radius B, can be found by placing a single image charge —gR/I at a distance
b= RY D from the center of the sphere. (#) The same relations hold true if the charge
g is inside the sphere but now the image charge is outside the sphere, since < R,

Courtesy of Krieger Publishing. Used with permission.
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2. Isolated Sphere [Put additional Image Charge +q' = +qR/D at center]
(zero charge)

o(r=R)=-—3_-_9
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force on sphere
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III. Demonstration 4.7.1 — Charge Induced in Ground Plane by Overhead Conductor

: z_Rz
/ . .
X I!I'\ Figure 4.7.2 Charge induced on ground
L~ ARN plane by overhead conductor is measured
1] | — by probe. Distribution shown is predicted
Y P!
Y/a 4 3 2 | 0 - -2 -3 -4 by@1n.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.
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Total Charge per unit length on ground plane is:
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IV. Point Electric Dipole

1. Potential
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2. Point Electric Dipole (r>>d)

p=gd
Courtesy of Krieger Publishing. Used with permission.
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3. Field Lines: 97 - B _ 2€0s0
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Figure 442 (0} Cross scction of cquipotentisly aml lines of cleciric ficld imenaity for
the two charges of Figure 4.4.1. (b) Limit in which pair of charges form a dipale a1 the
nrigin.

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission.
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V. Line Current Above a Perfect Conductor

X2 4+ (y + d)?

-

5

From Electromagnetic Field Theory: A Problem Solving Approach, by Markus Zahn, 1987. Used with permission.

Figure 5-24 (a) A line current above a perfect conductor induces an oppositely

directed surface current that is equivalent to a symmetrically located image line
current.

f, = Ix (poﬁ) Newton/meter [force per unit length]
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