PHYSICS 110A

Final Examination, 2009, Solutions

1. [20 points]

(a) ‘A point charge at the origin. ‘

A\ <£> = 147m6®) ().
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Hence

iii. The total charge is given by

Q:/p(r)dT = €A {47?/(5(3)(r)d7—/ e; 47T7”2d7“}
0
= EOA{47T—47T/ rerdr}
0

= eA(dr —4r) =

2. [20 points]
For r > R the solution is

V(r0) =3 2L Pcost), (r> R),

i+l
=0

and for r < R the solution is
V(r,0) = Z Ayt P(cos ).
1=0
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For r = R they must both give

V(R,0) =Vo(0) =k (2cos® — 1) = g [4P,(cos ) — Py(cosb)].

Matching the solutions gives ‘Al = B; = 0 except for [ =0 and 2. ‘ Also

r

2
A = —lk, Ay = ik’ so | Vi, = k {_1+4(R) PQ(COSH)] ;

3 3R? 3
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The surface charge density is equal to €y times the discontinuity in the normal component
of the electric field, i.e.

0(6) = € (Er,out - Er,in)
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Bozw—ng, By = — Rk, s0 | Vi =

k
3 3

k k 11
= cgp [—1 +20P5(cos0)] =| e = [10 cos? ) — ?} :

. [15 points]
(a) From the magnetic force law we have

F:I/@way

However, B is constant and can be taken out of
the integral so we have

F =Iw x B,

where w is a vector of length w (see figure)
starting at the point on the loop where the cur-
rent enters the field, and ending where the cur-
rent leaves the field. In magnitude we have

(b) Even if the region where the field is non-zero is not a straight line the answer is exactly
the same, namely
F =1Iw x B,

where w is a vector of length w (see figure) starting at the point on the loop where the
current enters the field, and ending where the current leaves the field, see the figure below:
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(c) From the right hand rule the direction is .

4. [15 points]

(a) Using Ampere’s law for H, § H - d€ = I} oy, we have 2rsH = ws*.J = ;—Zz I so

I~

H = .
2ma? 5P

(b)

I

2mwa?

B = uH = pio(1 + Xm)H = | o (1 + Xm) s .

() Jy =V XM=V x (xnH) = xnV xH =|xnJ;, | where we used Ampere’s law.
1

Ta?

Hence |Jp, = xmd ¢ = Xm

(d) Ampere’s law for B is 2rsB = ws*(J, + J;) = 52 I(1 + Xm), SO

Ta?

B =lpo(l+Xm) 5—

in agreement with part (b).

5. [10 points]
y
The loop has resistance R and is subjected to a
non-uniform time-dependent magnetic field
a
0, (t <0),
B(y,t) =< ky*t(10 —t)z, (0<t<10),
0, (t > 10),
0 X where £ is a constant.
a




(a) |For t < 0 and ¢ > 10] there is no flux and hence no induced emf and

For 0 < t < 10 the flux is ® = kt(10 — t) [J"dz [} y*dy = +a*kt(10 — t). Hence the
emf is

dd 1 atk
E=—" =_—a*k (10— 2t I=—(2t—10 0<t<10).

(b) The total charge transported past a point on wire is

4k' 10
Q:/I(t)dt:(;—R 0 (2t — 10)dt = 0. ]

Note: The answer must be zero because £ = —% tells us that f Edt = — (Phinal — Pinitial) -
Here the initial and final fluxes are both zero so the integrated emf (and hence the integrated
current) is zero.

6. [20 points]

The coaxial cable has an inner radius
a and an outer cylindrical shell of ra-
dius b (see figure). A current I flows as
shown,

_ ol 5

(a) By Ampere’s law, B 2ms = piglone so | B = 5
TS

(b) The flux between the inner wire and the outer shell is = 4 fab ds — sl 1y (2) | per
unit length. Hence the self-inductance per unit length is

_ Mo (D
[,—27T n(a).

(¢) By Gauss’ law, E = 2 so the potential difference is given by V = V, — V, =

2meps
— [y E-dr = 27?60 fab & — 27?50 In (2) . The capacitance per unit length is given by
c_ Q _ 27meg
Voo |n(2)

()

independent of a and b.



