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Ampere’s Law

Problem 2.1 Current / f ows along the positive z-direction in the inner conductor
of a long coaxial cable and returns through the outer conductor. The inner conductor
has radius a, and the inner and outer radii of the outer conductor are b and c,
respectively.

(a) Determine the magnetic feld in each of the following regions: 0 < r < aq,
a<r<b, b<r<c,andr>c.

(b) Plot the magnitude of H as a function of » over the range from » = 0 to
r=10cm, giventhat /| =10 A,a=2cm, b=4 cm, and ¢ = 5 cm.

Solution:
(a) The magnetic feld in the region » < a,
~ 1l
H=0¢—
? Lk
and in the region a < r < b,
A1
H=¢p—.
(pzrrr

The total area of the outer conductor is 4 = Ti(c? — b?) and the fraction of the area
of the outer conductor enclosed by a circular contour centered at » = 0 in the region
b<r<cis

(> — b?) B 2 —b?
(2 —p2) 2 —b2'

The total current enclosed by a contour of radius r is therefore

r2_b2) 02_7.2
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and the resulting magnetic feld is

n ~ I (=
H= enclosed — o )
¢ 21 (pZTTr 2 —b?

For r > ¢, the total enclosed current is zero: the total current f owing on the inner
conductor is equal to the total current f owing on the outer conductor, but they are
f owing in opposite directions. Therefore, H = 0.

(b) See Fig.1

Magnetic field magnitude H (A/cm)

Radial distance r (cm)

Fig 1.

Problem 2.2 long cylindrical conductor whose axis is coincident with the z-axis

has a radius a and carries a current characterized by a current density J = zJy/r,
where Jj is a constant and 7 is the radial distance from the cylinder’s axis. Obtain an
expression for the magnetic feld H for (a) 0 <r» < aand (b) » > a.

Solution:
(a) For 0 < r; < q, the total current f owing within the contour C is

21T ry i]o ry
]1:ﬂJdS:/ / (—)(irdrd(p):2n/ Jod}"ZQ.Tl'VlJo.
@=0Jr=0 r r=0
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Therefore, since 1 = 2101 H;, Hi = Jy within the wire and H; = (il]o.
(b) For r > a, the total current f owing within the contour is the total current f owing
within the wire:

1= //st-/ / (r) (Zrdrdg) = 21‘[/ Jodr = 21aJ).
r=0

Therefore, since I = 2TvH,, Hp = Joa/r within the wire and H, = (il]o(a/ r).

—r

Problem 2.3 Repeat Problem 2.2 for a current density J = ZJye

G

=

Y

Fig 2: Cylindrical current.

Solution:



Dr. Ahmed Abdolkhalig

The University of Tobruk
Department of Electrical Engineering
www.ahmed.ucoz.org

(a) For r < a, Ampere’s law is
%H-dl:I:/J-ds,
c N
A A r r
(pH-(pZTrr:/ J-ds:/ zJoe™" - 22T dr,
0 0

-
2TrH = 2TI:]0/ re "dr
0

=2TUp[—e™"(r+1)]p =21[1 —e " (r+1)].

Hence,
H:(i)H:(i)‘é[l—e_’(r-l-l)], forr<a.
(b) Forr > a,
21rH = 21Up[—e "(r+1)]g =211 —e “(a+1)],
H:(A[)H:(i)é [1—e%(a+1)], r>a.
Problem 2.4 In a certain conducting region, the magnetic feld is given in

cylindrical coordinates by

~4
H=0-[1—(1+3r)e ]
r
Find the current density J.
Solution:
Al a 4 —3r

1
=72-[12¢ 7 (142r) —12¢ %] =224e > A/m?
r






