Second Exam Solutions Bilkent University

Fall 2023 Phys 315
1.(a) V(2) = 2p/[4me,(z — a)?] — 2p/[Ame,(z + a)?] = p/(27e,) [1/(2 — a)? — 1/(z + a)?]
(b) 1/(14+€)?> ~ 1 — 2+ 3¢ —4e3 + - - - and 1/(1—€)? ~1+2+32+4e3+---

So1/(1—a/2)?—1/(1+a/2)* ~4(a/z) +8(a/z)>+ -
V() = p/(2re,2?) [Aaf2) + 8(a/2)* + -+
(c) V(r,0) = 2p/(we,) [(a)/r?)Py(cos @) + 2(a® /%) Py(cos ) + - - |

2. (a) Ey(origin) = 2ip/(4me,a?) so that 7 = py X Ey(origin) = 24p?/(4me,a?)
(b) E\(a) = —2p/(4me,a®) so that 7 = ps x E)(ad) = §p? /(4me,a?)
So the total torque on the dipoles is 3§p*/(4me,a®). By Newton’s third law, the total torques and

the forces on the system must add up to zero. From the fields acting on the dipoles, we can deduce
that we can achieve this by forces F| = —Fy = —32p?/(4me,a?) acting on the dipoles. Let’s verify:
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only the second term will survive when we set ¥ = aZ, i.e. when x =a, y =0 and z = 0:
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3. (a) Form of the potential:

ArPy(cosf) forr <a
V(r,0) =< (Br+C/r*)Pi(cosf) fora<r<b
(D/r? —rE,)Py(cosf) forb<r

(We keep only terms proportional to Pj(cosf) because the external field is driving only that angular
dependence.)
(b) Boundary conditions:

at r=a at r=1>
Potential: Aa = Ba+ C/a? Bb+ C/b* = D/b* — bE,
Normal component of D : €,A = (B — 2C/a?) e(B —2¢/V?) = €,(—2D/b* — E,)
(c) When € = ¢,, then there is no dielectric, and one gets V = —E,rP;(cos(#) everywhere.

(d) When € — oo the dielectric acts as a conductor and we have V' = 0 for r < b.



