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The Biot — Savart Law:
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Fig 1(a). Calculating B at a point P in the vicinity of a current carrying wire of infinite length lying along the z-axis . (b) A 2D
rendering of Fig 1(a).

|dl x U,| = dzsin 6, as seen in Fig.1 (a).
sinf =sin(180 — 0) = ;, as evident from Fig. 1(b).
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B = >R (tangent to the loop)

Now, integrating B along a loop of radius R,
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Fig. 2.The current carrying infinite long wire is perpendicular to the XY plane at the origin of the loop depicted above.

‘df‘ =Rd¢, as one can observe from Fig. 2.
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The above can be rewritten as follows,
ygE-dl_=u0f]_-”Pd/T
A
Where ] is current density (W) and A is Area (m?)
Stokes Theorem,
f(Vx A)ds =3€A-dl_
S
Therefore,
jgé-dl_zf(VxE)zuof]-fdfT
S

V X B = uj, Ampere's Law
2.

®,, = Net Magnetic Flux = § B - ds = Q,, (total magnetic charge)

J Smodv

in accordance with the divergence theorem [ V-Bdv = ¢ B - ds
=V B ={p,

There are no magnetic monopoles

V-B=0



Problem 4.30 Show that the electric potential difference V|, between two points in

air at radial distances r; and 7> from an infinite line of charge with density p; along
the z-axis is Vi2 = (p;/2neo) In(r2/r1).

Solution: From Eq. (4.33), the electric field due to an infinite line of charge is

E=iE=f-"".
2megr

Hence, the potential difference is

r o "
ng—[ E-dlz—f _ ol il ‘rdr= b1 ln(r—').
s ry 2TEQF
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Problem 4.40 A coaxial resistor of length / consists of two concentric cylinders.
The inner cylinder has radius ¢ and is made of a material with conductivity o, and
the outer cylinder, extending between r = a and r = b, 1s made of a material with
conductivity o>. If the two ends of the resistor are capped with conducting plates,
show that the resistance between the two ends is R = /[n(01a” + 02 (b* — a?))].

Solution: Due to the conducting plates, the ends of the coaxial resistor are each
uniform at the same potential. Hence, the electric field everywhere in the resistor
will be parallel to the axis of the resistor, in which case the two cylinders can be
considered to be two separate resistors in parallel. Then, from Eq. (4.70),

1 1 1 . O'1A1 O'gAg . omaz 4 O'gJ'l'(b2 —az)

J— + —
R Rinner Router [ 1 [ 2 [ [ ?

or

[
k= n(o1a* + 02(b* —a?)) ().




Problem 4.52 Figure 4-34a (P4.52(a)) depicts a capacitor consisting of two
parallel, conducting plates separated by a distance d. The space between the plates
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Figure P4.52: (a) Capacitor with parallel dielectric section, and (b) equivalent circuit.

contains two adjacent dielectrics, one with permittivity €; and surface area A
and another with &> and A>. The objective of this problem is to show that the
capacitance C of the configuration shown in Fig. 4-34a (P4.52(a)) is equivalent to
two capacitances in parallel, as illustrated in Fig. 4-34b (P4.52(b)), with

C=C+0s, (4.132)



where

(A

=2 (4.133)
d

c, = 242 (4.134)
d

To this end, you are asked to proceed as follows:
(a) Find the electric fields E; and E; in the two dielectric layers.
(b) Calculate the energy stored in each section and use the result to calculate C;
and C.
(¢) Use the total energy stored in the capacitor to obtain an expression for C. Show
that Eq. (4.132) is indeed a valid result.

Solution:

Figure P4.52: (c) Electric field inside of capacitor.

(a) Within each dielectric section, E will point from the plate with positive voltage
to the plate with negative voltage, as shown in Fig. P4-52(c). From V = Ed,

V

Ei=FE=—.

d

(b) q
1 1 V- 1 3A1
W, = 2€1E1 Y= —E‘L 7 -Ad = EE‘[V 7
But, from Eq. (4.121),
1

We, = ECNZ‘

A .. A>
Hence C| = ¢; —; . Similarly, C>» = &> —]' i
a a
(c) Total energy is

2

1V 1
We=W,, +W,, = 57(81A1+82A2) = ECV



. MX | TmZ
E=E, sm?smgcoswtay

. mX Wz mX | MZ .
H = Hy, sin—cos Fsm wt a, — Hy, cos— smgsm wta,
a a

Using ps = a, - D = a,, - 4y Ey, we obtain
[ps]x=0 = @y - 4€0[E]lx=0 = 0
[ps]x=a = —ax " 4€o[Elx—q = 0

X = Tz
—0 = Ay " 4€p|E]y=p = 4€¢E, Sin—sin— t
[ps]y=o y " 4€0[E]y—g €oEo sin—-sin—-cos w

. mX | Tz
[psly=p = —a, - 4€o[E],—p = —4€,E) sin—_-sin—-cos wt
[pS]z=0 =a;- 4'60[E]2=0 =0
[ps]z=a = —a; - 4€o[E]l ;=4 = 0
Using J; = a,, X H,we obtain
. 7TZ .
Uslx=o = @y X [H]x=0 = Hy> sin-—_-sin wt a,
. TTZ 0
Uslyzq = —ax X [H]x=q = Ho> sin—-sin wt a,
X | MZ . mX TZ
Usly=o = @y, X [H]y—9g = —H, cos—_-sin--sin wt a, — Hy, sin—_-cos—-sin wt az
U] (H] . X | MZ | fa it H . mX TZ .
-p = —a, X —-p = cos—sin—sinwt a sin—cos—sinwt a
Sly=b y y=b 02 a d X 01 a d Z

X
Uslz=0 = a; X [H],=¢ = Hyy sin;sin ot a,

TX
Uslz=a = —a; X [H];=q = Hoy Sin?sin wt a,



Problem 5.16 In the arrangement shown in Fig. 5-41 (P5.16), each of the two long,
parallel conductors carries a current /, is supported by 8-cm-long strings, and has a
mass per unit length of 1.2 g/cm. Due to the repulsive force acting on the conductors,

the angle 6 between the supporting strings is 10°. Determine the magnitude 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 in the strings is counteracting
the force of gravity on the wires, the horizontal component of the tension in the strings
1s counteracting the magnetic force, which i1s pushing the wires apart. According
to Section 5-3, the magnetic force is repulsive when the currents are in opposite
directions.

Figure P5.16(b) shows forces on wire 1 of part (a). The quantity F’ is the tension
force per unit length of wire due to the mass per unit length m' = 1.2 g/em = 0.12



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

Fi=nls, (19)
where g = 9,8 (m/s?). But
Fl=F'cos(8/2). (20)
Hence,
Fe m'g 21

- 005(8/2) )

The horizontal component of F/ must be equal to the repulsion magnitude force given

by Eq. (5.42):

£ ;JOF _ JH(}IE
2nd  2xa[24sin(6/2)]’

(22
where d is the spacing between the wires and £ is the length of the string, as shown
mn Fig. P5.16(c). From Fig. 5.16(Db).

m'g

F =F'sin(8/2) = cos(0/2)

sin(0/2) = m'gtan(6/2). (23)

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

. drbm'g .. |4 x 0,08 x0,12x9.8
I= 8/2) | ————= =sin5° =84.8 (A).
sin(6/2) \‘," Hocos (8/2) S \/ 47 % 10~ cos 5° (&)
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Problem 5.22 Repeat Problem 5.21 for a current density J = zJpe .
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Figure P5.22: Cylindrical current.

Solution:



(a) For r < a, Ampere’s law 1s

%H-dl:[:f.]-ds,
c S

s . .
GH-¢2mtr = / J-ds= f zJoe " - 722mr dr,
0 0
.
2nirH = 21udy / re " dr
0
=2nJo[—e "(r+1)] =2nd[l—e " (r+1)].

Hence, J
H=&)H=$—O[l—e_"(r+l)], for r <a.
r

(b) Forr > a,
2nrH = 2ndp[—e " (r+ 1))y = 2no[1 — e “(a+1)],

H:&)H:J)J?O [I—C’_G(CI—FI)], rza.




