Method of images - conducting cylinder
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Part a) prove that the potential at a distance rho from a straight uniformly charged wire

carrying charge per unit length lambda is
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Part b) use the method of images to find the potential in point P in the space

surrounding an infinite conducting grounded cylinder placed parallel to a long

straight uniformly charged wire. The charge density per unit length in the wire is

lambda, the distance between the wire and the cylinder is d. The radius of the

cylinder is R

Cross  cection view

Part ¢) by using the result of part b, find out the potential in the case in which the
infinite cylinder is isolated and is placed between two infinite straight uniformly
charged wires. The two wires carvy the same amount of charge per unit length,

but the charges on the two wires have opposite sign.
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Solution

Part a) by applying Gauss' theorem to a cylindrical gaussian surface with the axis
along the wire, one can find the electric field
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Part b)
Assume an image wire on the axis OP' at a distance d' from O and carrying a

charge per unit length lambda'
/|

| )
P = =i (—Xf\ar’\}\ﬂquJrQ)
fIL: (C{—fcomﬁ)?—-l- flgL'M?%
L L
= cl—(—f —zc{fccgqb
f.f (fCOS\,P~C(I)+ fzg[mzc;)
(C{')l‘i‘ fl—Z}OC{’cosgb

—

¢ d
rlzf '+?L—Z_?COJC})

1

I

| 4
{Z:CI |—{~£—Z——~COS
(d"® d'
2 0, B
lF f:R F,:R\/]—)—EI—ZE Ces
L/_Y\/



I fz i —
rl-d\/w——, d 47

(4"
-
Sk
2
rS:ré‘ff i é:i — ol/: E
R4 d

9 (p=R)- ;'_—J AR be) = N (st s e ]

v depemc{g on qS/ is not Cons‘tbk\t/ bt one CraN
Ce’\ 00 5@ >\:’>\,

é> LF ()O:R): O (f{roumc/ecf Cﬁﬁt'nc{er)

In a generic point P the potential is then
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Let's check that the potential is indeed zero on the surface of the cylinder

R4 d= 2 Rd cos¢

A
R = /{)lf] = O
LF( /¢> 4T 2, 0{2.{— Rl~chJCcs¢

Part ¢) we need to add two copies of the potential found in the previous section
with image charges of the same magnitude and opposite sign. The two image
charges will make the total charge on the cylinder zero. This is consistent with the
fact that the cylinder is neutral and isolated.
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The potential due to - lambda alone will be
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