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1. [G 5.2] Find and sketch the trajectory of the particle shown in Fig., if it starts at the origin with velocity

(a) v(0) = (E/B)Y,
(b) v(0) = (E/2B)3,
(c) v(0) = (E/B) (y +2)-

The general solution is
y(t) = C; cos(wt) + C; sin(wt) + —gt + C3;  2(t) = C; cos(wt) — C, sin(wt) + Cy.

(a) ¥(0) = 2(0) = 0; y(0) = E/B; z(0) = 0. Use these to determine C,, Cs, C3, and Cj.
y(O)ZO#'C; +Ca =0; y(O) "—-"(;.JCQ'FE/B—E/B:}CQ =1 Z(O) —O=>C'2+C4 —U=‘.‘*C4 = 0;
#0) = 0 = C; = 0, and hence also C3 = 0. So |y(t) = Et/B; z(t) = 0. I Does this make sense? The magnetic
force is g(v x B) = —q(E/B)B % = —qE, which exactly cancels the electric force; since there is no net force,
the particle moves in a straight line at constant speed.

(b) Assuming it starts from the origin, so C3 = —C}, Cy = —C3, we have 2(0) =0 = C, = 0= C3 = 0;

, E BB E 1 E
y({]) 2—1—3 = Cow + — B 23 C —m = —(C}y; y(t) = _2(.4.}3 sm(ut) + Et,
E E . E R
it) = ~5%B cos(wt) + ——= 5B’ y(t) =328 [2wt — sin(wt)]; z(t) = 5B [1 —cos(wt)].| Let 8 = E/2wB.

Then y(t) = B[2wt — sin(wt)]; 2(t) = B[1 — cos(wt)]; (y — 28wt) = —Bsin(wt), (z — B) = —Pcos(wt) =
(y - 28wt)® + (z — B)? = p2. This is a circle of radius @ whose center moves to the right at constant speed:

o= 20wt; zp = p.
(c) 2(0) = ¢(0) = =>—Clw=§=>01=—6'3=— E;Czwﬁ-EzE:bGQ:Cq:O.

B B wB B _ B

y(t) = —% cos(wt) + %t + u%; 2(t) = u% sin(wt). |y(t) = % (1 4+ wt — cos(wt)]; z(t) = % sin(wt).

Let 8 = E/wB; then [y — B(1 + wt)] = =B cos(wt), 2 = Bsin(wt); [y — A1 + wt)]? + 2% = 2. This is a circle
of radius # whose center is at yo = B(1 + wt), z = 0.

(b) (c)

2. [G 5.4] Suppose that the magnetic field in some region has the form

B =kz2x

(where k is a constant). Find the force on a square loop (side a), lying in the yz plane and centered at the origin, if
it carries a current I, flowing counterclockwise, when you look down the x axis.



Suppose I flows counterclockwise (if not, change the sign of the answer). The force on the left side (toward
the left) cancels the force on the right side (toward the right); the force on the top is JaB = Ilak(a/2) =
T'ka?/2, (pointing upward), and the force on the bottom is JaB = —Ika?/2 (also upward). So the net force is

F=[Ika®3]

3. [G 5.13] A steady current I flows down a long cylindrical wire of radius a (F'ig.).

Find the magnetic field, both inside and outside the wire, if

(a) The current is uniformly distributed over the outside surface of the wire.

(b) The current is distributed in such a way that J is proportional to s, the distance from the axis.

(a) fB +dl = B2ms = pplene =

(b) J = ks; f:/ Jda:/ ks(2ns)ds =
0 0
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for s < a;
for s > a.
2mka’ 31 ) s
t= 5. Ienc = /ﬂ Jda = /0 k3(273)ds =
,u.olrsg - f . §
93 ¢, for s <a;
¥
b ®?, for s > a.
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4. [G 5.14] A thick slab extending from z = —a to z = +a carries a uniform volume current J = Jx (Fig.). Find the
magnetic field, as a function of z, both inside and outside the slab.

By the right-hand-rule, the field points in the —§ direction for z > 0, and in the +¥ direction for z < 0.
At z =0,B = 0. Use the amperian loop shown:

fB +dl = Bl = pigIenc = polzJ = (~a<z<a) If 2> a,Lene = polald,
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for z > +a;
for z > —a.
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5. [G 5.23] What current density would produce the vector potential, A = ke (where k is a constant), in cylindrical

coordinates?

.4¢:k=¢B=VxA=;E
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6. [G 5.24] If B is uniform, show that A (r) = —1 (v x B). That is, check that V- A =0 and V x A = B. Is this
result unique, or are there other functions with the same divergence and curl?



V-A= —%V-(pr) = —%[B<(er)—r-(VxB)] = 0, since Vx B = 0 (B is uniform) and
Vxr =0 (Prob. 1.62). Vx A = -—%Vx (rx B) = —%[(B-V)r—(r-V)Ber(VAB)—B(V-r)]. But

(r-V)B =0and V:-B = 0 (since B is uniform), and V - r = i + %y + L =1+4+1+1= 3. Finally,
5 3 5 9z 0Oy Oz
= i = 5 o . ’ 1
(B:-V)r = (BIE + Byofi + B"E‘E) (zX+yy+z2) =B x+By;¥+B;2=B. SoVxA = _E(B_:}B} = B.

ged

7. [G 5.35] A phonograph record of radius R, carrying a uniform surface charge o, is rotating at constant angular

10.

velocity w. Find its magnetic dipole moment.

: . R
For a ring, m = Inr®. Here I = ovdr = owrdr, so m = [ nrlowrdr =|mowR* /4.

. [G 5.37] Find the exact magnetic field o distance z above the center of a square loop of side w, carrying a curent I.

Verify that it reduces to the field of a dipole, with the appropriate dipole moment, when z > w.
The field of one side is given by Eq. 5.35, with s —

2
22 + (w/2)? and sinf; = —sinf, = %ﬂu)ﬁ/?; :

. To pick off the vertical

(w/2)
22 + (w/2)?
ol w?

sides, multiply by 4: = — z. |For
' S 2m (22 + w?/4)\/2% + w? /2

__ Ho ! w

dn /22 + (w?/4)\/2% + (w?/2)

component, multiply by sin¢g =

; for all four

1o Tw?
2mz3 =
points on the z axis (Eq. 5.86, with r = 2, f = 2,0 = 0) is /2

23> w B =

#. The field of a dipole |[m = Iw?, | for

[G 5.40] A plane wire loop of irreqular shape is situated so that part of it is in a uniform magnetic field B (in Fig.
the field occupies the shaded region, and points perpendicular to the plane of the loop). The loop carries a current I.
Show that the net magnetic force on the loop is F' = [ Bw, where w is the chord subtended. Generalize this result to
the case where the magnetic field region itself has an irreqular shape. What is the direction of the force?

From Eq. 5.17, F = I [(dl x B). But B is constant, in this case, so it comes outside the integral: F =
IU cfl) x B, and [ dl = w, the vector displacement from the point at which the wire first enters the field to
the point where it leaves. Since w and B are perpendicular, F = I Bw, and F is perpendicular to w.

[G 5.55]A magnetic dipolem = —mgz is situated at the origin, in an otherwise uniform magnetic field B = Byz.
Show that there exists a spherical surface, centered at the origin, through which no magnetic field lines pass. Find
the radius of this sphere and sketch the field lines, inside and out.



Problem 5.55
Mg

From Eq. 5.86, Bioy = BpZ — #;0 : (2 cosﬂi‘#rsinﬁﬂ-). There-
T
= i HoTo HoMo
fore B:-f = By(z-f) - W?cosﬂ = (Bg iy ) cos@.

PR . L . _ Moo
This is zero, for all #, when r = R, given by By = PR

or

1/3
R= (}lumu .| Evidently no field lines cross this sphere.
21TBD




