CH-7
Steady Magnetic Field
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H: Magnetic field intensity (A/m)
J: current density (A/m?)

K: surface current density (A/m)

The source of the steady magnetic field:

e Permanent magnet
e Electric field changing linearly with
time

e direct current.
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To determine the magnetic field direction

.\’Iagnetic Other fingers give the
direction of the field
field
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o=3> Current

Thumb point along the

' direction of the current

Right Hand Grip Rule




Types of Current distribution

I. current (A)

Sheet —=
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K: surface current density K= —
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J: current density J= % (A/m)
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Biot- savart law:

at any point P the magnitude of the magnetic field intensity produced by the
differential element is proportional to the product of the current, the magnitude of
the differential length, and the sine of the angle lying between the filament and a line
connecting the filament to the point P at which the field is desired; also, the
magnitude of the magnetic field intensity is inversely proportional to the square of

the distance from the differential element to the point P.
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Current Density

filament of current
s .y
T = N~

b

' surface current desity K=I/b (A/m)
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volume current density J=I/(area) (A/m?)
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If the current is the same in the three cases:

IdL = KdS = JdV
(A.m) (A.m) (A.m)



Magnetic field due to a limited segment of current
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Determine H at P2(0.4, 0.3, 0) in the field of I=8A. afilament current is directed
inward from infinity to the origin on a positive x-axis , and then outward to infinity
along y-axis as shown in the figure below:
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AMPERE’'S CIRCUITAL LAW
Ol i
The line integral of H about any closed path is exactly equal to the direct current

enclosed by that path
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The application of Ampere’s circuital law

The application of Ampere’s circuital law involves finding the total current enclosed
by a closed path.

We choose a path, to any section of which: Jbuall JLis) oy i

1- H is either perpendicular or tangential, (perpendicularity make the result of dot
product is zero. While the tangency allows us to replace the dot product of
Ampere’s circuital law with the product of the scalar magnitudes)
puledll Lol | Toia dot I coyes Ao Jany daladll) jlusall s 5 casee Wl H 0580 -1
(e @ pa A dot J) wa Jasad (e LitSasd

2- H is constant along along the path.
(constancy permits us to remove the magnetic field intensity from the integral sign)

( AMPERE’S CIRCUITAL LAW ) 05 o iy

App. 1 Finding the magnetic field intensity produced by an infinitely long
filament carrying a current | .
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¢H-dL =1 ruaall Glall bl e (Amper circuital law) ¢ s s &

¢=2m - _
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App. 2 : Infinitely long coaxial transmission line carrying a uniformly
distributed total current | in the center conductor and —I in the outer

conductor.
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Figure
The magnetic field intensity as a function of radius in an infinitely long coaxial
transmission line with the dimensions shown.
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App. 3 The magnetic field intensity of a sheet of current
Consider a sheet of current flowing in +y direction located at z=0 plane.
The sheet have a uniform current density K

K=Ky ay

Z

The direction of 1
1s into the page.

Side view of sheet of current +y direction
{the field of two line
currents of the seet}






Let (@aN) be a unit vector normal (outward) to the sheet as shown in
figure below:
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Exercise : Two infinite sheets of current, the first have asurface current

density K=10 ay (A/m) at z=0 while the second have current density K= -

10ay at z=h where h>0
Find the magnetic field intensity every where?
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Solution:



App. 4:
e For infinitly long selonoid of radius (a)

H=Kaaz p<a

H=0 p>a




e For finit d long of N turns that carries a current |

Z

H=— az (within the selonoid)




e For the toroids with radius po, a

Po-a
ap | |
P (inside the toroid)

H = Ka

H=0 (out side)

e For N turn toroid with radius po, a

NI

an ——ad | (inside the toroid)

H=0 (out side)



Curl

We may describe curl as circulation per unit area
Aabuall sas g A (i) ) ol 5all) ol s2al cinay o curl I ol Jsil (Sa

MJMJ&@G«M\&Q‘FU)SS@BL&‘J;LAJJJAJMAQ_\MBJSSML_UJQAJ
) Gini ) LS g sl oLl () 5S5 Lai 3,800 (350 sl oy Liaday oLl ()5S0 (Gl 38
e 3130 alaid WiSay | ailall aall (sae (i Sl La )l Ul JSall i) xdasd

Jsaall mhau

sk

-af—
. o la

sl Biay | uilall ) sae (ol Dia Lia )l
B& el JCaH 3l gaall 53 Y allS Edasuas 51
o 28 & dria g g




Jsall hau

SR

&6

e

~g—

ds_u\}ﬁc\ &)-HJ\ Q}@MZ\LN\ « jlee Se o@buyj.ﬂ\ u\‘)j.lbam.u.n
a8l Olsd dale 2 ga g (I Ja 138 5 e

shasdl dsa g IS 3 Jeatoy Gua Y all @lld Jae 4y curl J) dale
(ahalizal) Jlaall gl HLalls 4l jal) Jal gl & o) ) 2l

The mathematical form of the definition is :

. ¢H-dl
(Curl H)y = Alslr_r)l0 .

(aline integral per unit area)

ax ay az
0 0 0
Curl H=VXH=|5 3 3z|(Cartesian)

Hx Hy Hz




a az
@ ap £
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CurlH=VxH=|2 2 9| (cylindrical)
ap 5J0) 0z

Hp pH® Hz
ar af ad
r2sin@ rsin6 o
curlH=VxH=| 2 9 9 |(spherical)
ap a6 a0
Hr rHO rsinBHQ

H-dl
From the definition: (curl H)y, = lim ¢
o ( :LV As -0 Asp
. - I _
¢ H - dl = I (amper circutal law); — =]

; [V X H= ]J the point form of amper circutal law

This is the second of Maxwell's four equations (non time
varing conditions).
the pointformof ¢ E - dl = 0 is:
WxE=O}

This is the therd of Maxwell's four equations



Two properties of Curl may be useful:
: Curl J plidledl clivalall
1- thr divergence of a Curl is the zero scalar
V- (VxA) =0 (for any vector field A)
2- the Curl of gradient is the zero vector
VX (VA) =0

(Ao sl ol punlnall 8 dls w7g) dui g s3SI O punlaall 8 Jal] dea L Jlial]
Example: Suppose H = 0.2Z2%ax forZ >0
H=0 else where,

Find curl H at (0,0,21).



Exercise: a long straight conductor cross section with radius a has a magnetic

field strength H = 'P_ 2¢ within the conductor p<a,and H = ﬁa@ atp > a,

2mra?

find J in both regions?



Stokes Theorem
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Example: consider the portion of a sphere shown in figure below. The surface is
specifiedby: r=4 0<©<0.ln ; 0<$<03m. Ifthe field H:

H =6r sing ar +18r sin® cosd ad , Evaluate each side of Stok's theorem?

Q) fromV X H =] obtain Ampers circuital law?



Magnetic flux and Magnetic flux Density
bl () A8 5 dalinall (el

o Magnetic flux ¢ (wb)  whb: (weber)
e Magnetic flux density B (Wb/m?) or tesla(T)

The constant 1 0 is defined as the permeability of free space in henrys
per meter (H/m):  MO0= 4m X 10”7 H/m
B = wuoH (free space only)

The magnetic flux ¢ (weber): is the flux passing through any designated area

c1>=f3-ds (Wh)

Note: The magnetic flux lines are closed and do not terminate on a magnetic charge.
For this reason Gauss's law for the magnetic field is:

jL B.ds =0
S

And by application of the divergence theorem:

V:-B=20
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Example: find the flux crossing the portion of the plane shown in figure below
defined by :(0.01< p <0.05)m

and 0 <z <2 m. Acurrent filament of 2.5A along the z axis is in the az direction?
Solution:
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EXErcise : find the magnetic flux between the conductors of the coaxial line :



EXGI’CiSG; ( 1110=23w ) Asolid conductor of circular cross section, if the radius

a=1mm, the conductor axis lies on the z axis, and the total current in the az direction
is 20A, find:
(@) Heo at p=0.5mm;



(b) Bo at p=0.8mm;

(c) Total magnentic flux per unit length inside the conductor;
(d) total flux for p< 0.5mm;

(e) total magnetic flux outsid the conductor?

Solution:

(@) Ho at p=0.5mm;

a=1mm

(b) Bo at p=0.8mm;






(c) Total magnentic flux per unit length inside the conductor.
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(d) total flux for p< 0.5mm;
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(e) total magnetic flux outsid the conducto?
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Scalar Magnetic Potential and VVector Magnetic
Potential

1) Scalar Magnetic Potential: Vm (A)
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2) Vector Magnetic Potential: A (Wb/m)

This vector field is one which is extreamely useful is studying radiation from
antennas as well as radiation leakage from transmission lines, waveguides and
microwave ovens.

The vector magnetic potential may be used in regions where the current density is
zZero or not.

(Divrgence of (Curl of any vector) =0 ) : o) Curl Jl galsds (e ) plai (a5 @
V-:B=0 oy

Aolee Aagli ga Sl B o) LlE 1 € jacall 3 slos Leiagts il 13l J 58 oDl ) Aalaadl S5 IMA (e
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V-(VXxA) =0
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B=VxA N

H=B/u g B=puH kg

1 1
H=;(V><A)= Vtzﬁ(VxVxA)zj

. . dL
For differential current elementEA = LJ

For sheet current A=
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For volume current A=

R: the distance from the current element to the point at
which the vector magnetic potential is being calculated.

4 sl vector magnetic potential J! e ALY
dxa) yo 4iSay 28 alldall (et JS5 e L Lga i il jualal)
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Exercise: Obtain the vector magnetic potential A in the

region surrounding an infinitely long atraight
filamentary current?

Solution:




Exercise: planar current sheets of K=30az A/m and
-30az A/m are located in free space at x=0.2 and x=-0,2
respectively. For the region -0.2<x<0.2 a) find H;
b)find B; c) obtain an expression for A if A=0 at point
(0.1,0.5,0.4) ?

Solution:
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Exercise: Let the vector magnetic potential in free space
A=(3y-z) ax + 2xz ay wb/m .

a) Show that V.A=0

b) Atp(2,-1,3)findA,B,H and J ?

Solution:




