Second Exam Solutions Bilkent University
Fall 2024 Phys 315

1.(a) Potential due to the three charges: V(z) = ¢q[1/(z —a) — 2+ 1/(z + a)]/(47e,)
(b) Expansion in powers of 1/2: V(2) = q[1/(1 — a/z) — 2+ 1/(1 + a/2)]/(4z7e,)
=q[1+(a/2) + (a/2)* + - =2+ 1= (a/2) + (a/2)* + -]/ (4z7e,)
=ql(a/2)* + (a/2)" + (a/2)° + -]/ (227e€,)

(c) V(r,0) = q[(a/r)?Py(cos ) + (a/r)*Py(cos ) + (a/r)5 Ps(cos 0) + - - -] /(2rme,)

2.(a) For r < a, Vi, = Arcos(0)
For a <1 < R, Vyut = Brcos(6) + C/r? cos(6)
b) B.C. at r = R: Vot (R) = 0 so that | BR+ C/R? = 0|,

¢) B.C. at r = a: Vi (a) = Vout(a) = | Aa = Ba+ C/a?

(
(
(=OVout/Or)r=a = (=0Vin/Or)r=a = 0(0)/ec = (2C/a’ — B) — (=A) = 0,/¢
(d) We now solve the above 3 equations for A, B and C.

Using C' = —BR? we have the two equations

A=B(1—-R*/a®) and —B(1+2R?/a®) + A = 0,/¢,.

This gives B = —(0,/3¢,)a®/R*, A = (0,/3¢,)(1 — a®/R?) and C' = (0,/3¢,)a®
so that Vi, = (0,/3€,)(1 — a*/R?) r cos(#) which goes to 0 as a — R. Why?
and Vgt = (0,/36,)(a®/R*)(R3/r? — r) cos(f) which goes to 0 as r — R. Why?

3.(a) For p < a, Vi, = Apcos(¢)
For a < p < R, Vyut = Bpcos(¢) + C/pcos(¢)
(b) B.C. at p = R: Vout(R) =V, cos(¢) so that | BR+ C/R =V,

(c) B.C. at p=a: Viy(a) = Voyut(a) = |Aa = Ba+ C/a
€2(—0Vout/Or)r=a — €1(=0Viy JOr) =g = 0y = 0 == €2(C/a® — B) —e1(—A) =0




