Homework 11 solutions
Problem 1: 5.6

Problem 5.6 A 20-turn rectangular corl with side / = 20 cm and w = 10 cm 15
placed in the y—z plane as shown in Fig. 5-34 (P5.6).
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Figure P5.6: Rectangular loop of Problem 5.46.

(a) If the coil. which cames a current J = 10 A, 15 1 the presence of a magnetic
flux density
B=2x10"2(x+¥2) (T),
deternmne the torque acting on the coil.
(b) At what angle { 1s the torque zero?
(c) Atwhat angle { 1s the torque maximum? Determine 1its value.
Solution:
(a) The magnetic field 15 in direction (x 4 v2). which makes an angle
do = tan~1 4 = 63.43°.
The magnetic moment of the loop 13

m = N4 =n20 x 10 x (30 x 10) x 10 *=n6 (Amd),



1/ g = 63430 '

Figure P5.6: (a) Direction of B.

where n 1s the surface normal i accordance with the night-hand rule. When the loop
15 1n the negative-v of the y— plane, n i1s equal to x. but when the plane of the loop 1=
moved to an angle ¢. n becomes
n=xcosh , vsing,
T=mxB=06x2x107(x ¥2)
= (cos¢ . vsind)6% 2 x 1072(x , ¥2)
=z0.12[2cos¢ sing] (N-m).

(b) The torque 1s zero when
2cos¢—smnd =0,

or
tand =2,  $=6343"or 116.57".
Thus. when n 1s parallel to B. T = 0.
(c) The torque 1s a maximum when n 1s perpendicular to B, which occurs at

O =063.43+£90° = _26.57° or +153.43°.

Mathematically, we can obtamn the same result by taking the dermvative of T and
equating it to zero to find the values of § at which | T, 15 a2 maximum. Thus,

dI’  d

Fry — 3 (0.12(2cos¢d sing)) =0



or
2smd . cosd =0,

which gives tang = -_; . Of
= —26.57 or 153.43~,
at which T = z0.27 (N-m).

Problem 2: 5.12

Problem 5.12 Two wnfimtely long. parallel wires carry 6-A cumrents in opposit
directions. Determine the magnetic flux density at point P 1in Fig. 5-38 (P5.12).

4 =6A YI:=06A

Figure P5.12: Arrangement for Problem 512

Solution:

_ & oD - 2 2 B
B_¢2n(ﬂ.5} '*21:(1.5) =07 (6.2)=9 (D).



Problem:3:5.14

Problem 5.14 Two parallel, circular loops carrving a current of 40 A each are
arranged as shown in Fig. 5-39 (P5.14). The first loop 15 simated in the x— plane
with its center at the origin and the second loop’s center is at z = 2 m_ If the two
loops have the same radius @ = 3 m, determine the magnetic field at:

(@) z -0,
(b) z=1m,
c)z=2m

Solution: The magnetic field due to a circular loop 15 given by (5.34) for a loop in
the x— plane carrymg a current J in the +¢-direction. Considering that the bottom
loop in Fig. P5.14 1s tn the x—v plane_ but the current direction 1s along ¢,
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where = 15 the observation point along the z-axis. For the second loop, which 1s at a
height of 2 m_ we can use the same expression but z should be replaced with (z — 2,
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Figure P5.14: Parallel circular loops of Problem 5.14.

The total field 1s

H-—H, + H 21 ! + ! A/m
= | 2 = = — =] - ] = ! .
- = 2 (a? _|_:_-:|3,-"2 [a® + ['_7 . 2*}_-]3,."2

(a) Atz=0, and with o = 3 mand 7 = 40 A

_40=9 [1 1 R
H:—z—2 [?+—f9+4]3-’3:| = —z10.5 A/m.
(b)) Af = = 1 m (midway between the loops):
40 = 9 1 1 .
H-— 3 : = —%11.38 A/m.
T3 [{9+1h3=‘3+{9+1)3-’3} * -
(c) Atz = 2 m. H should be the same as at z = 0. Thus.

H= —z10.5 A'm.



Problem 4: 5.16

Problem 5.16 In the arrangement shown in Fig. 5-41 (P5.16). each of the two long,
parallel conductors carries a current I, 1s supported by 8-cm-long strings, and has a
mass per unit length of 1.2 g/em. Due to the repulsive force acting on the conductors,
the angle 6 between the supporting stnings 1s 10°. Deternune the magmitude of I and
the relative directions of the currents in the two conductors.

(&) (c)

Figure P5.16: Parallel conductors supported by strings (Problem 5.16).

Solution: While the vertical component of the tension i the strings 1s counteracting
the force of gravity on the wires, the horizontal component of the tension in the strings
15 counteracting the magnetic force, which 15 pushing the wires apart. According
to Section 5-3, the magnetic force 1s repulsive when the currents are in opposite
directions.

Figure P5.16(b) shows forces on wire 1 of part (a). The quantity F' 1s the tension
force per umt length of wire due to the mass per vnit length m' = 1.2 glem = 0.12

kg/m. The vertical component of F' balances out the gravitational force.

Fi=mg, (19)
where g = 9.8 (m/s”). But
F. — F'cos(9,2,. (20)
Hence,
m'g
Fr=—=_| 21
cos(8;2, (21)

The honzontal component of F must be equal to the repulsion magnitude force given
by Eq. (5.42):
2 2
- . — (22)
ond  2m|2fsm(0;2)]




where & 1s the spacing between the wires and ¢ 1s the length of the string. as shown
in Fig. P5.16(c). From Fig. 5.16(b).

F, = F'sin(8/2) = sin(8/2) = m'gtan(6/2). (23)

n'g
cos(8/2)

Equating Eqs. (22) and (23) and then solving for I, we have

dmém! 2

| ném's : 4m < 0.08 x 0.12 % 9.8

I'= 0/2), | —— 5° - =848 (A).
s (6/2) ipcos (8/2) s \ 4m » 10~ ' cos 5° (A

Problem 5: 5.20

Problem 5.20 Current [ lows along the positive z-direction 1n the inner conductor
of a long coaxial cable and returns through the outer conductor. The inner conductor
has radis o, and the mner and outer radu of the outer conductor are & and o,
respectively.
(a) Determine the magnetic field in each of the following regions: 0 < r < a.
a<r<b b<r<candr_-c.
(b) Plot the magmtude of H as a function of » over the range from » = 0 to
r=10cm gventhat /= 10A. a=2cm, b=4cm and c=5cm.

Solution:
(a) Following the solution to Example 5-5, the magnetic field in the region » < a.
= ]
H=¢p——7.
¢ 2ma-
and in the region a < r < b,
= I
H= .
¢ 2nr

The total area of the outer conductor is 4 = n(c® — &%) and the fraction of the area
of the outer conductor enclosed by a circular contour centered at # = 0 1n the region
beor<cis

n(r2 — b, _}3'—.5-3
mel —b) B

The total current enclosed by a contour of radius r 1s therefore
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and the resulting magnetic field 1s

¥

’Ie:{:]c}ssi i __,.3 ~
H=0 =¢3IU"(|:';" .53-)'

For r = ¢, the total enclosed current 1s zero: the total current flowing on the mmner
conductor 15 equal to the total current flowing on the outer conductor. but they are
flowing 1 opposite directions. Therefore, H= 0.

(b) See Fig. P5.20.
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Problem 6: 5.26



Problem 5.26 A uniform current density given by
IT=1] (A-";m:):
gives rise to a vector magnetic potential
-l ,
A= I'M:Ta(r 1) (Whim).
(a) Apply the vector Potsson's equation to confirm the above statement.
(b) Use the expression for A to find H.

(c) Use the expression for J in conjunction with Ampére’s law to find H. Compare
vour result with that obtained m part (b).

Solufion:
(a)
ol R Jo
-3 -l - R - 2 2
‘F‘A =X "l-__."ll.\, E‘E‘J’AJ z "?—Az =Z (E E]J_J E) |: JM:I? {I_ J_]J

. ;
= z,ug?':'(z 2=zl

Hence, V2A = T is vertfied.

(b)
1 1 [. (a4, dd, . {add, dd. . [dd, a4,
H=—VxA=— |3 | ——-— F | ——— —_——
1 X ) {1(31 ci':}ﬂl(él: dx +Z(d‘( dy J
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Figure P5.26: Cutrent cylinder of Problem 526,

We need to convert the expression from cylindnical to Cartesian coordinates. From

Table 3-2.

.. . - ¥ - X
0 = —xsmnd+ veosh = —I—mt—= + V———m=s,
Va2 N R



H=| fi—t—— i——r o
VEHIR e+ g 2

which 1s identical with the result of part (b).




