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Problem 5.9 Find the magnetic field at point P for each of the steady current con-

figurations shown in Fig. 5.23.
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Problem 5.10

(a) Find the force on a square loop placed as shown in Fig. 5.24(a), near an infinite

straight wire. Both the loop and the wire carry a steady current /. — Y

(b) Find the force on the triangular loop in Fig. 5.24(b).
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Problem 5.10

(a) Find the force on a square loop placed as shown in Fig. 5.24(a), near an infinite _ ‘
straight wire. Both the loop and the wire carry a steady current /. — v — Y

(b) Find the force on the triangular loop in Fig. 5.24(b).
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Problem 5.11 Find the magnetic field at point P on the axis of a tightly wound O ya eV aN VN
solenoid (helical coil) consisting of n turns per unit length wrapped around a cylin- ¢ ‘!“M
drical tube of radius a and carrying current / (Fig. 5.25). Express your answer in '

~ 3¢ o . or —_ esns I/
terms of #; and 6, (it’s easiest that way). Consider the turns to be essentially circu- FAAAAAARAAAAS

lar, and use the result of Ex. 5.6. What is the field on the axis of an infinite solenoid FIGURE 5.25
(1nfinite in both directions)?
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Problem 5.41 A current / flows to the right through a rectangular bar of conducting
material, in the presence of a uniform magnetic field B pointing out of the page

(Fig. 5.56).

(a) If the moving charges are positive, in which direction are they deflected by
the magnetic field? This deflection results in an accumulation of charge on the

upper and lower surfaces of the bar, which in turn produces an electric force to
counteract the magnetic one. Equilibrium occurs when the two exactly cancel.
(This phenomenon is known as the Hall effect.)

(a) F = gvxB = Down, accumulating positive charge on lower surface

(b) Find the resulting potential difference (the Hall voltage) between the top and
bottom of the bar, in terms of B, v (the speed of the charges), and the relevant
dimensions of the bar.??

(b) Fg =qvxB =Fg =qgE = E =vB = Vigyer = Vupper = £t = VBt

(¢c) How would your analysis change if the moving charges were negative? [The
Hall effect is the classic way of determining the sign of the mobile charge
carriers in a material. ]

(a) > Down, accumulating negative charge on lower surface

C
© (b) > Vupper —Vower = VBt

\J
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Problem 5.50 Magnetostatics treats the “source current” (the one that sets up the
field) and the “recipient current” (the one that experiences the force) so asymmet-
rically that it 1s by no means obvious that the magnetic force between two current
loops 1s consistent with Newton’s third law. Show, starting with the Biot-Savart law
(Eq. 5.34) and the Lorentz force law (Eq. 5.16), that the force on loop 2 due to
loop 1 (Fig. 5.61) can be written as

ng——hfg%%—dll dl. (5.91)

In this form, it is clear that F», = —F,. since 2 changes direction when the roles of
I and 2 are interchanged. (If you seem to be getting an “extra” term, it will help to
note that dl, - 2 = d%.)

= (xz xl) (yz yl)y (22—21)2

Frnag = f](dl x B). (5.16)

B(l’] =
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E
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FIGURE 5.61
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Biot-Savart Law, the field from loop 1: B =
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Problem 5.50 Magnetostatics treats the “source current” (the one that sets up the
field) and the “recipient current” (the one that experiences the force) so asymmet-

| f](dl % B).

(5.16)

rically that it 1s by no means obvious that the magnetic force between two current o
B(l’) = -

Ioops is consistent with Newton’s third law. Show, starting with the Biot-Savart law 4

Ixx%
—f “2ar =H
T »2 4

/

dl x %

2 (5.34)

(Eq. 5.34) and the Lorentz force law (Eq. 5.16), that the force on loop 2 due to
loop 1 (Fig. 5.61) can be written as

ng——hh%%—dl] dl. (5.91)

In this form, it is clear that F» = —F,, since 2 changes direction when the roles of
I and 2 are interchanged. (If you seem to be getting an “extra” term, it will help to
note that dl, - 2 = d%.)

f“|

FIGURE 5.61
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Problem 5.16 Two long coaxial solenoids each carry current /, but in opposite
directions, as shown in Fig. 5.42. The inner solenoid (radius a) has n; turns per ¢ - I
unit length, and the outer one (radius b) has n,. Find B in each of the three regions:

(1) inside the inner solenoid, (11) between them, and (111) outside both.
For a long solenoid, consisting of # closely wound turns per length of radius R : FIGURE 5.42

B Lonlz, inside the solenoid
B 0, outside the solenoid
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Problem 5.17 A large parallel-plate capacitor with uniform surface charge o on the
upper plate and —o on the lower is moving with a constant speed v, as shown in

Fig. 5.43.

(a) Find the magnetic field between the plates and also above and below them.

(b) Find the magnetic force per unit area on the upper plate, including its direction.

. ~ . ~ als
(c) At what speed v would the magnetic force balance the electrical force?"

For an infinite uniform surface current K = KX, flowing on the xy plane :

K .
+’uoTy, forz <0

K .
—’uoTy, forz >0

\

-
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FIGURE 5.43
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Problem 5.25 If B 1s uniform, show that A(r) = —L(r x B) works. 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?

B is uniform: VxB =0 2
1 1

V-A:—Ev-(pr):—E[B-(er)—r-(vXB)]:0 Vxr =0,
1 X

VXA:—EVx(pr):—%[(B.V)r—(r.V)B+r(V-B)—B(V-r)} Vo3

:—%[B—O+O—3B]:B
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Problem 5.47 The magnetic field on the axis of a circular current loop (Eq. 5.41)
is far from uniform (it falls off sharply with increasing 7). You can produce a more

nearly uniform field by using rwo such loops a distance d apart (Fig. 5.59).

(a) Find the field (B) as a function of z, and show that 8 B/dz is zero at the point
midway between them (z = 0).

B(2)

. UoIR? 1 1
=7 ] + >
3/2 3/2
P[] [ o< !
_ . B3I d/2+z B dj2—-z
) L2 L2 |
R (dzez) || R4 (d2-2) |
L J z=0
. —3uyIR* dj2 dj2
T O L2 =0
R e(d2f || R (df2)

"~

J
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Problem 5.47 The magnetic field on the axis of a circular current loop (Eq. 5.41)

is far from uniform (it falls off sharply with increasing 7). You can produce a more ((

nearly uniform field by using fwo such loops a distance d apart (Fig. 5.59). I

(b) If you pick d just right, the second derivative of B will also vanish at the mid- I
point. This arrangement is known as a Helmholtz coil; it’s a convenient way (@
of producing relatively uniform fields in the laboratory. Determine d such that I
3?B/3z% = 0 at the midpoint, and find the resulting magnetic field at the center.

[Answer: 8uol /5+/5R] FIGURE 5.59

_, 3mlR? (=5/2)2(d/2+2)" N 1 . (=5/2)2(d/2-z)’ ) I
S | P L O R P e D SR PR
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IR? 10(d/2 IR?
3Ho (4/2) 2 o=t 3o [10612—2 4R2+d2)]

[Rz +(d/2)2}7/2 _ [Rz +(d/2)2] S[Rz +(d/2)2}7/2

2l gt
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Problem 5.60 A uniformly charged solid sphere of radius R carries a total charge
Q. and 1s set spinning with angular velocity @ about the z axis.

(a) What is the magnetic dipole moment of the sphere?

p=Q/§ﬂR3,
J = pv=p(rsinfufxz) = prosin 0¢

m = lJ‘(rxJ)dz:..eq(SQO) = %J-[rf'xp(rsin Qa)(f))] 7% sin OdrdOd o
=L pof ()% sin’ parae e | e | AT

:_Q( 7;R3)1 (%st(%j(br)i - Loor’
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Problem 5.60 A uniformly charged solid sphere of radius R carries a total charge
(, and is set spinning with angular velocity @ about the 7 axis.

(b) Find the average magnetic field within the sphere (see Prob. 5.59).
(¢) Find the approximate vector potential at a point (r, 8) where r > R.

(d) Find the exact potential at a point (r, ) outside the sphere, and check that it is
consistent with (¢). [Hint: refer to Ex. 5.11.]

Ho msin@(b_ Ho Qa)R2 sinf .

Ho 2m  uy 20w .
b)B,. . = = z..by eq(5.93 C)A=
(b) Baye ir B 4r SR y €q(5.93) (A= 3 i 5 2 ¢
4 :
R .
(d) A= Hot @0 sze ¢...from eq(5.69)
r
R 14 ' . 5 .
por'"o(pdr') sin@ . R wp siné
A=I ;9= 50
0 3 7 15 7
RS . X 2 X
_ MR o Q sinf _ My QwR smH(p same
15 %ﬂ'R:; r2 A 5 r2
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Problem 5.60 A uniformly charged solid sphere of radius R carries a total charge

(, and is set spinning with angular velocity @ about the 7 axis.

(e) Find the magnetic field at a point (r, 8) inside the sphere (Prob. 5.30), and check
that it is consistent with (b).

2 2
From Prob.5.30 B = Ho®Q Hl— 3 ]cos 01‘—(1— or ]sin 00}

47R 5R* 5R*
2 2
=B, = L[ #»Y 1- 57 cosor —| 1—- or sin 69 | sin Odrd Od o
VolJ 4rzR 5R2 5R?
i 32 : A LA A |
3 1- > cosé’(sm@cosgpx+s1n6’smgoy+cos€z)
- Ho®Q SR 2 sin Odrd0d
47R> 47R 6r> | . Ao
- 1- 5 sm@(cosé’cosgoercosHsmq)y—s1n6?z)
5R

3 i 2 A 2 )
— ,uoa)4Q 1- 3r2 ]cos2 0z +[1 — 6r2 )sin2 07 |2 sin Odrd @
87TR ] 5R 5R

i 5 5
_;3H@Q |1 3 3R (g% 1,3 _6R (ij :3uoa)Q(4 R3j2:&2Qa)i
8zR* |\ 3 25R* )\3) 3 25R% )\ 3 8zR* \15 47 SR
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