SOLUTION TO FIRST HOUR EXM

1. a)
E = (22° — 22y — 2¢%) i+ (—2? — day + y?) j =-VV
implies
oV
—— = 22% —2zy—2y° so that
or
2
Vz,y) = —gx?’ + 2%y + 2y%2 + f(y) where f(y) is unknown
oV
—— = ——dy+2 so that
dy

3

Viz,y) = 2’y+2zy— % + g(x) where g(x) is unknown.

Comparing the two expressions for V(x,y) we see that

a? 2 s Y
Viey) = -5 +a7y+2uy" — F +c

where ¢ is a constant.

b)

_ 950 o, O o 2
V-E = &E(2x 21y 2y)+8y( z? —4day + y°),

= 4z —2y —4xr+ 2y =0.

This is a field for which V x E =V - E = 0. The Helmholtz theorem does not apply to this
function because it does not vanish at infinity.
2 a) The electric field on the axis is clearly in the z direction. Its magnitude is obtained

from

B _ 27 Ro /L/2 (z —2")d _/0 (z —2")d
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© 2 | |[(z— )2+ RYV2 0 [(z — 2')% + R2|1/? 1 ’
2—60{[(2 — L/2)? + R?]\/? + [(z+ L/2)? + R?|1/? B (22 —I—R2)1/2}

b) At z = 0 the above is

o 1
Be==g {1 I+ <L/2R>2]1/2}

3. a) By symmetry, the dipole moment vanishes.

b)
_ (4e)(2e)  (4e)(2e)  (2e)(2e)
v=- Ameod  Ameod + dren(2d)’
= —H <47T€0d> ’
1 |4e 2e 2e
c) Vi(r,0) = Arey [7 ~ [(reosf — d)? + (rsin0)2172  [(rcosf + d)? + (rsin 9)2]1/2] ’

_ e [4 - 2 B 2 ]
Admeyr [[1—2(d/r)cosf + (d/r)2]/2  [[1+42(d/r)cost + (d/r)?]'/?

a)  [1-2(deostyr) — (@] = 1+%[2(dcos€/r)—(d/r)2]—%(2dcos«9/r)2+...+,
[1+ [2(dcos0/r) + (a/r2] " = 1—%[2(dcos@/r)+(d/r)2]
1 4ed? 1+ cos?d
SO Vr,0) = prm— 5 : r>>d.
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— g(Qalcosé’/r)2 + ..+,




