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9. Spherical symmetry. Show that the only solution
of Laplace’s_equation depending only on
V¥ + 7+ Pisu = c/r + kwith constant ¢ and k.
Cylinrical symmetry. Show that the only solution of
Laplce’s equation depending only on 7 = Vx” + y*

fu=chr+

1. Verification. Subsiuting (1) with rasin Prob. 9 into

s+t + = O, verify that u” + 2u'/r = 0, in

agreement with (7).

12, Dirichlet problem. Find the clecirosaic. porential
between coaxial cylinders of radi ry = 2 cm and
=4 cm kept at the potentals U = 220V and
Uy = 140 V. respectively

I3 Dirchiet problem. Find the clectrostaic. posential
between two concentric spheres of radii 1y = 2 cm
and 1y = 4 cm kept at the potentials Uy = 220V and
Uy = 140V, respectively. Sketch and compare the
cquipotential ines in Probs. 12 and 13, Comment.

14 Heat problem. 1f the sufoce of the ball

4 y? 4 22 = R i kept at empenaure e and the

iniial temperature in the ball s /1), show that the

emperature. u(r, ) in the ball is @ soluion of u, =

Cluy + 2uy/r) satsfying the condiions (R, 1)

0.u(r,0) = /(7. Show that seting v = ru_gives

U= P 0 R D) = 0,00.0) = rf(r). Tnchude the

condition 00, 1) = 0 (which bolds because u must be
bounded i 7 = 0), and solve the resuling probiem by
sepurating variabis.

15, What arc the analogs of Probs. 12 and 13 in heat
conduction?
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T IN SPHERICAL COORDINATES , 0, ¢
Find the potential in the interior of the sphere 7 = R = |
3 e ineror i e of charges and the potetial o the
Spher i

16. f(4) = cos & 7. fid) = |

B =1 —cos .S = con2

. f(6) = 10cos® ¢~ 3cos® b~ Scosh ~ |

Joad. and retums to the ground. Let the constants R, L
C. and G denote the resistance, inductance, capacitance
o ground, and conductance o ground, respectively, of
the cable per unt length.
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Fig. 315, Transmission line

(@) Show that (“first transmission line equation”)

W

where u(x, ) is the potential n the cable. Hint: Apply
Kirchhoff's voltage law o a small porton of the cable
between x and x + Ax (difference of the potentils at
and x + Ax = resisive drop + inductive drop).

() Show that o
sion line equation”

the cable in (a) ("second transmis-

ai e
~r=Gurcl

Hint: Use Kirchhoff's current law (difference of the
currents at x and x + Ax = loss due o leakage o
ground + capaciive loss).
(©) Second-order PDES. Show that elimination of i
o u from the transmission line equations leads to
ez = LCus + (RC + GLiwg + RG,
izz = LCiye + (RC + GLYy + RGi

(@) Telegraph equations. For 4 submarine cable, G
is negligible and the frequencies are low. Show that
this leads to the so-called submarine cable equations
or telegraph equations

RCuty g = R,
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