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Problem 3.12 Find the potential in the infinite slot of Ex. 3.3 if the boundary at x = () consists 3
of two meta! strips: oné, from y = 0 to y = a/2, is held at a constant potential Vg, andthe 7
other, from y = af2t0y = a.is stpolential V0. Doy affoctes rorkesher

i

Prablemn 3,13 For the infinite slot (Ex. 3.3) determine the charge density o (v) on the strip at
x = 0, assuming it is a conductor at constant potcntial V.

Vix, v) = Vo Z .l_e_"”f“ sin(arty/a). (3.36) _‘-} |
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Fall E&M Physical Systems Oct.2002, EJZ

Separation of Variables: a technique for solving Laplace's equation V*V =0
Worksheet for fall E&M Problem 3.12 (p.136)

Find the potential in the infinite slot if the boundary at x=Onas two metal strips:

V=0
One, from from (% < y<a),is at potential -V y=a
=7
The other, from (0< y < %), is held at constant potential Vg
—>
y=0 V=0  x
First, guess that Laplace’s equation V?V =0 has solutions of the form
jﬂ/ﬂ UV oy 5.3 PV (x,y)  IV(xy)

(1) V(x,y) = X(x) Y(y). If so, then the differential equation ax; + ayz, =0 (2)
becomes separable. Substitute (1) into (2) to get V _a__f,}—". ) e 9:3"

2%t Ip* =C
(3)
Divide (3) by V = X Y and simplify: 3% ) ﬂ ’

e — . =
Yox* Y9y
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Substitute (5) and (6) into (1) for the general solution.
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Apply boundary conditions to find undetermined constants.

o/



| o hFEx
Vg2l Ge ¢

n -

A .
CM - ;Z_’_V /2 N e 2z A —
T a Ve Sw— & ’/; - ;{/a /ﬁ .

h T

Yy (’t{,.”—:'/ ﬁ,ﬂ;»’u j f‘: Ef’/-(-dj =0 n=5,.,
"n=7 . (oo 27T = ! (o8 & = ~/ f j_‘ j/-;‘-—'Zf—")E :6/ n-§4
©>3 (o381 G e, F 4z (f-tucd = o ne7.

Hi
u- 4 L=l Sl T T 20T - o L8
U= 6 (820%> +!  (oafE -1 7 7 -;7”—2(-,,,?, o 4= 0
0 iF a s odd wdE on 2 dinsite L,

S2% g uca, 6, lo,

- & ‘ { -4L y Y
V(’G;fo”/ T ;"’ & A &fh ‘"a; ]



Fall E&M Physical Systems Oct.2002, EJZ

Separation of Variables: Laplace's equation V°/ =0 in cylindrical coordinates
Worksheet for fall E&M Problem 3.23 (p.145)

Solve Laplace's eqn by separation of variables in cylindrical coordinates, assuming there 1s no

(@)
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dependence on z (this is cylindrical symmetry). ' 3
' d z 2T

The Laplacian in cylindrical coordinates is eqn (1.82) p.44: \ " ¥
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Look for solutlons of the form V{s,$) = S(s) (I)(¢) (2)
—_ o*
@ as , V7V =g sjg(s"gg S ,aq,'z.
Multiply by s* and divide by V=S ®: §
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@ e 2 s* g @ FYike Y i’
Both terms must be constant, and they must sum to zero, so the two constants are equal and
opposite. Choose -k* for the @ solution so it returns to its original value in one cycle.

Find solutions to (3) and (4)
2
Sd( dS\_ hl‘»C _l_d(I:=C2=_k2
sas\’ ds ) ® db

(4) Since ®{¢ + 2 =) = D(¢), k must be an integer.
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Show that S =s"is a solution to (3): what is the relation between n and k?
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What is O for the k=0 case? Put it all together into a general solution.
Then apply it to problem 3.24.
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l’mbh:a 323 §olve Laplace’s equation by separation of variables in cylindrical coordinates,
assuming there is no dependence on z (cylindrical symmetry). [Make sure you find a/! solutions
to the radial equation; in particular, your result must accommodate the case of an infinite line
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Problem 3.24 Find the potential ousside an infinitely long metal pi

i . : pipe, of radios R, placed at
n_ghtmlesmanqthemseumfmmelemicﬁcldfo. Find the surface charge induced on the
pipe. [Use your result from Prob. 3.23.]
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