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Electrostatics




/

P

reduce a fortidable problem to a simple one.

METHOD OF IMAGES

The method of images, miroduced by Lord Kelvin in 1848, is commonly used to determing
Vi ki, I, and pg due to charges in the presence of conductors. By this method, we avoid
solving Ponsson’s or Laplace's equation but rather utilize the fact that conducting surface
15 an equipotential, Although the method does not apply to all electrostatic problems, it can




Figure 6.22 (a) Poimt charge
and - .
feld lines. grounded conducting plane, () image configuration and




A. A Point Charge Above a Grounded Conducting Plane

Consider a point charge ¢ placed al a distance & from a perfect conducting plane of infinie
extent a5 i Figure 6.22(a). The image cunﬁguwnm 15 in Figure 6,.22(h). The electric ficld
al point Pix, v, 2) is given by

E=E.+E. (64D
or, = r, o e D
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dxer,  dweors s (6.41)

The distance vectors ry and r; are given by

n=inna —i00h=(xyw:—h (6.42)
. rp=dxy,z)— 00, -k =xyz+h (6.43)
50 ¢, (6.41) becomes

E '.? "I..lr-l_.:"'a}-'l'{z'_hh- .l'+.}la':i+{z+h.}ﬂ1:|
: dme, [ 4+ 7 + (2 — B I+ + (2 + B

(6.44)




It should be noted that when z = 0, E has only the z-compopent, confirming that E i
normal o the conducting surface.

The potential at & is casily obtaincd from eq. (6.41) or (644 wsing V= — [ E - 4L
Thus
= ¥, = ¥V_
= _2 - - - & - (.45}
dmE FmwE,
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dwe. LIe® + ¥° + (2 — W12 [ + 37 = (z + W17

fior =z = g and ¥V = 0 for z = O, Naote that Yz = 40 =
The surface charge density of the indwced charge can alsa be obtained Troo eq. (.44 as

oy = 0, = e FE,
r=[p
— . (H.46)
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The total induced charge on the conducting plane is

o = J Py dS = f J Sahaxdy (6.47)
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Bwv changing variables, g0 = x° 4+ ¥°, drady = pdp dd.
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Intcgrating over ¢ gives 2w, and leting o oo = E.::E {07, we obtain

r = -
2 = _ETZ'JE Lo® + B dfp}
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as expeciedd, because all HAux lines terminating on the conductor would have termuiinated o
the image charge if the comductor were absent.
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