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Electromagnetic Fields

5- Conductor dielectrics and capacitance:-

The subject of this chapter is to consider the effect of electric field on
different materials such as conductors, dielectrics (insulators) then the
depend of resistor and capacitors.

The conductors : materials have very large number of free charges so
when applied potential across this conductor, there will be current and
current density. The dielectric (insulator), material with no any free
charges so no currents and good insulator for electricity.

Current and current density:-

Electric chargesin motion constitute a current (Ampere)

| = C;—f (Ampere or C/sec)

Current density (J), measured in amperes per m? or (A/m?). Itisa
vector can be given by many relations:

Al = J,As (Al crossing surface As normally)

Al
Then]n = A_S

In case where Al is not normal to As then
Al = J.AS

Or I=[[].d5=] J.d5 A

where

| (Total current) and Current density (J) may be related to the velocity
of volume charge density at point.
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For

AQ = p, As Al as shown, if this charge moving a distance Ax in time

At then the current produced is Al = AA—f = p, As i—’:

Or Al = p, As v,

v,: Velocity in x-direction

And

Jx = Py Vx

And in general:

J=p, 7 A/m*wherev = v,a, + vyd, + v,a,

Continuity of current:-

The principle of conservation of charge states that charges can be neither
created nor destroyed although equal amount of positive and negative
charge may be simultaneously created, obtained by separation destroyed

or lost by recombination.

The continuity equation follows from this principle when we consider any

region bounded by a closed surface. The current through the closed
surfaceis

I =¢ J.ds
If Q: isthe chargeinside

dQi

Then the rate of decreaseis - =

and the principle of conservation of
charge requires.

= . dQi :
| = 955 J.ds = —% (- vefor out ward flowing current)

But$ J.ds= [[f(V.])dv then:
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[[@naw==2 [ vas

Or [ (V.pdv=[ —aa‘l” dv (continuity equ.)

~ V.= —% (Point form)

Metallic conductors:-

The energy- band structure in three different types of materias at Ok can
be shown below for conductor exhibits no energy gap between that

valence and conduction bands, the valence band is the band of
electron orbitals that electrons can jump out of, moving into the

conduction band when excited. The insulator shows a large energy
gap the semiconductor has only a small energy gap.

M Conduction band cond .band cond .band
Energy energy gap energy gap
Valence band valence band valence band
Conductor insulator semiconductor

If Q =- e (for electron) then

F = —eE and the drift velocity of electronisgivenby Vd = —u E
where u, = mobility of electron (0.0012for aluminum, 0.0032 for copper
)

Py = pe (free electron charge density)

J=—p, uE J = puie E for holes


User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight


Electro-magnetics |l
Dr. Ahmed A. Abbas

University of Anbar
College of Engineering
Department of Electrical Engineering

For metallic conductor the relation between Jand E can be:

~ —~ oy

] = O'E -- ‘;;)"_" f[‘.}V -‘|
This can be proved as: /)
v J ( '
|=ff].d5=]s “%
- C/7C233 O T |
Vab=-["E.dl <EI= IR ={SR f: dotal |5
_I_El
S SR
= L At ]
SR resistivity

-J:O'K R =L

l S

Vab _ —f;E-dl_

R=— " [[oE.ds

(inside the conductor )

Therefor the conductivity is

o= —p.U. FoOrelectrons

For semiconductors, we have electron and holes then conductivity is
0 = —Pele t Prlin

For pure Germanium i, = 0.36, 1, = 0.17 (m? /v. sec)

For silicon: yu, = 0.12, 4, = 0.025

There at 300k

Ex1:-

Let J=10y?zZax — 2x*yay+2x*zaz A Im <*find:

a) Thetotal current crossing the surfacex=3, 2 <y < 3,

3.8 <z <5.2 intheax direction.
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b) The magnitude of the current density at the center of this area.
c) The average value of [, over the surface.
Solution:

a |=].ds but ds=dydzax, then

= — 5.2 (3
L= [[()).dydzax=[, fy=2 10 y?zdy dz
“Lo=10 213 (5153 =399 A

b- The center of thisareaisx = 3

_ 5.2-38

yo = 32;2 = 0_5, ZO = > = 0.7 then p(31 2-55 4'5)

~ J=10(2.5)2(4.5) ax —2(9) (2.5) ay + 2(9) (4.5) az

=JJE+JE+]2 = 296 A/m?

L 0399 [ 399 399
CJx = e = [Jdydz — [y3[z133 (D@14
285 A/m?

Ex2:- In aregion near the origin current density isin the radia (out word)
direction with avalue of 10r~1->A/m?

a) How much current is crossing the spherical surface r = Imm
b) Repeat for r = 2mm
c) At what rateis p,, increasing at apoint wherer = 1mm
d) Atwhat rateisthe total charge increasing with in the spherer = 1mm
Solution:
a J=10r"Sar A/m?

| ={[].ds but ds=r2sinf do do ar
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21 T
[ = j f(lO r=15) (r?sin6 d6d@) = 10T [4n]
9

~1=10yJ10"3[4r ] =

b- I =10vV2+ 103 [4n] = 5.62 A

Oy 0w _ _uT
c-V.J= at oot v.J

- 10

Vv 2 = g 10%— >
)= r2 or s _26_( T)_rZ\/F

0py -5
dt  10-6 /103

a_Q _ ) (PvAv) 9Py
d o= = dif 5

= _J-Ow‘3 fOZn J-On rzsﬁ (r?sin6 do d@ dr)

=-5[4n] f010—3 r=1/2 dr

=40 [Vr]}*" = 72 = ~3.97

L0 _
~5l=-397C/s

Dielectric material and polarization :

The dielectric materials are insulators which has no any free charges
then all electrons are bounded to the protons so no free charges even
when electric field is applied. when E is applied these atoms becomes as
atomic dipoles in response to externa fields, these charges are called
bound charges the dielectric material have permittivities different from
the permittivity of free space these can be denoted by the relative
permittivity e,.whereit is greater than one:

= —5410 x 107 =

41
——=3974A
10

c
~1.581 x 108 —.5s
m
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g, =1 for dielectric materials and

€ =gy&, Where g,yfor free space

&.=5.4(mica), &,.=3(paper), &,.=16(germanium), &,.=3.5(nylon)
£,=2.1(Teflnon),e,, = 3.8(Quartz), e, = 4(glass).......

The characteristic which all dielectric materials have in common (solid
Jiquid ,or gas) is their ability to store energy. This storage takes place by
means of a shift in the relative positions of the internal bound charges
against the normal molecular and atomic forces.

When any dielectric atom facing applied electric field then this atom
should be charged to becomes an atomic dipole with dipole moment p
=Qd c.mand Pyprqi=2r; Pi involume of Av.

Where Q is the positive of the two bound charges composing the dipole,
and d is the vector from the negative to the positive charge .

And the polarization is defined as the dipole moment per unit volume

— , 1 _,
p = limyyo 35 1L, pi Gl m?

If adielectric in volume Av placed in electric field then all atoms should
become atomic dipoles and there is surface bound charges on either faces
of the dielectric these bound charges induces more free charges on the
original electrodes so total charge increased and flux density increased
.This process can be explained in steps and the polarization can be
calculated:
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The charges on the electrodes Q,but when we placed the dielectrics all
the atoms become dipoles which induced new charges on the electrods
then

Q:=Q,*Q,, and the surfact charge density is
o, = gp+0, Clm?

Qt_Q0+Qb
As As As

and op=lpl=2 Clm?

And D=Dy+0,

or D=D,+P

cos E =E+P  then @ =(&=1)&E Clm?
p isthe polarization in the dielectric

or

p=X,50E where X,= (g,-1)

If £.=1 there is no polarization.

EX: find the polarization within a material which :

&

Has an dectric flux density of 1.5 u./m? in an eectric field
intensity of 15 K,,/m .

Has D =2.8 uc/m? and X,=1.7.

c- Has102° moleculessm?, each with a dipole moment of
1.5X10~26c.m when E=10° v/m.

Has E=50 k,,/m and the relative permittivity is 4.4

o
T

o
1
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solution:
a DeyE+P
s P=D-gyE=15%107°-8.85x 10712 x15 x 103

=(1.5-0.133) x 107° =1.367 uc/m?

b- X, = ¢,-1
D 2.8

= = ﬂv/m
Eo&r 2.7&

- P=D-£,E=2.8—-=1.763 Mc/m?

c- P=2 but Tpi=1020 x1.5x 102°=15 uc.m

1.5x107°

~ P =1.5 uc/m?* where Av=1m3

d' P= (ST'- 1)€0E
= 3.4x8.85x 10712(50 x 10%
~ P=1.505 uc/m?

Boundary conditions;

When E,D passing through acertain region (1) and then into another
region (2), so we have E;, D;in region (1) and E,, D,in region (2) these
are different in both region and have different directions with the normal
to the boundary . There are boundary conditions at the interface between
the two region (two conditions). Using these two boundary conditions
and the characteristic of the two media then we can calculate the electric

field in either region as:
E) =Ey+Epy and E; =Ept+ Eypy

Di=D;1+ Dy and D, = Dyy+ Dy _’" = l =
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For the electric field E, use a closed path enclosing the boundary then
¢ E.dI=0then

Etr-E¢1=0

o DTLZ- DTLI: pS ......... (2)*
if ps = 0 on the boundary then the 2™ boundary condition
Dn1= DnZ *

A) if both region are dielectrics(( ps = 0)) then
Ei1=Et; and Dy =Dy, *

Divide both condition to give:

. Eyq . E,

&1Ep1  &En;
. tanf1 _ tan62 tanfl _ &1 _ erl
Y &2 tan62 &2 e&r2

Where e, = g5¢,; and €,= €y &,-
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B) if medium (1) dielectric and medium (2) conductor then in the
conductor E;, = 0,D,,, = 0s0

Eyy=Ep =0 7
AndD,, — D,y = psSO—D,; = ps
“Dpp = ps *

if (1) is conductor then D,,, = ps for (2)dieectric

Et=E-En, Dt=D-Dn

Using the angle 6 with the normal to the boundary then

En=E cos 6

AndEt=Esné

0= tan‘l(%)

EX: Theregion z < 0 contains adielectric material for which e,.;, =
2.5 whiletheregion z > 0 is characterized by ¢,., = 4 |let

E 1= -30ax+50ay+70az. find

& Eni, Eni, Doy Dy, 61, 6,

b- EZ! 521 171592

Solution :
a Thexy - planeisthe boundary surface so az normal to the
interface .
S an=az
_ _ E
E,=E, +E,, but E, = 1az)

laz|
o Enl == 706_12 then Et]_:E]_'Enl
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~ E.4=-30ax +50ay v/ m

IE,.| = v/900 + 2500 = 58.309
D_= EE thm Dnz = 62 ETLZ and1 51':2:62 Etz

From the boundary conditions for the two media are dielectrics then
Etlz Etz thm Etz = -30(7X+50(7y

D;,_€, E;, and D,;_ D,,, then
D, - € E,1=2.5¢,(70az)

— — 175
D, =175¢0azcim? , Epy = 4—8" =43.75

€o

Dy, -45y(-30ax+50ay) = ( -120ax+200ay) &, c/m?

E 58.309 y
0,=tan"1(=%) = tan?! )=39.8
E 58.309
= -1(Zt2 = -1 = £
0,=tan (Enz) tan (43.75) 53.1

b-E,=E,, +E,,= -30ax+50ay+43.75az v/m
D,=¢, E, = 4¢, (-30ax+50ay+43.75az)

- D,=1.062 ax+1.771ay+1.549az nc/m?
p1=(g,1-1)eg E;=1.5 £4(-30ax+50ay+70az) v/im
D2=(&,2-1)g0 E;=3 £, (-30ax+50ay+47.75az) vim

Capacitance: any two surfaces with potential different v and total charge
on either oneis Q (coulomb)then the Capacitance between these surfaces
IS

C=§ farad for any shape of capacitor

Thetotal can be given by any distribution ((line, surfaces, volume))and
the potential different may be calculated from the electric field. For
surfaces charge ps ¢/m? and parallel plates with separation d then
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Q=[[D.ds=[[ €E.ds

and v=[] E.dl i e -

But asgivenbefore Dn =psaz or En= % two plates
then:

Q=p,S and V=[] Zdz= ”Sed

OrC = % farad for parallel plant only

The energy stored in such capacitor is:

2
We =2 fff e E2dv =1 ¢ [ (£)? dx dy dz =~ £

ed
sd*(—)
2

1 _ps?d? es 1 5 10Q%
~We =— — =G = ==oulg

The capacitance of the paralel plate capacitor depends on S (plate area),
d (separation), and &, for the dielectric between the plates.

Series, parallel ,and compound capacitors can be forward :


User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight


Electro-magnetics |l
Dr. Ahmed A. Abbas

University of Anbar
College of Engineering
Department of Electrical Engineering

a forseries: V=V..V,, d=d,.d,

C= 1 1 _ clc2
~C= = = =ceq.
ﬂ 2 i+i cl+c2 eq
€1ls €2s c1 c2
1 1 1 1
==t ...
C C1 C2 C3

b- for paralldl capacitor : V,=V,=V , d,=d,=d
v
E=E =E;= a1’ Q1=ps1Sl and Q,= ps;S2 = D, S,

Q=01+ Q2 =D1S; +D,S, = €,ES; + 6,ES,

_Q_61E51 +62E52 _ElES]_ +62E52
%4 Ed d

= C1+C2

~C

~C=C1+C2 = ceq

c- the compound is combination of both series and parallel ¢, get
equivalent capacitance :

EX1: point charge of 10 uc at (0, O, 0), calculate the capacitance between
the surfacer =2 and r = 6 with dielectric of ¢,=3.5 between these two
surface .

Solution: | i

-0 - (Fdl
C—Vab but Vab=-fE.dl

And
E=2 T
47T60T2
_ (2 Q ar Q 1.2
Then Vab = f6 4Te T 4meq e, ‘110
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Q 11
4TEy €7 2 6

]

4 .5
= = 4”602(3 )6 = 117 nF.

EX2: infinite line along the z-axis with 20 nc/m.
Calculate the capacitance between p=10 and p=4 for 5m length.

Solution:

Q
C:% but Q:fpldl:pll

Vab=-[E.dl but £ =—2"@ap

Anddl =dpap+ pd @ ap+dzaz

4 4 d
'.'Vab:flo( 4 )dp:' Pl ap

2TEQP 2mey 10 p

10 0.916
vab =—2L |np]* =L |n 2 = - 2L0916)

2TTEg 2TT€g 4 2TT€g
l 21eEQ(5
o~ 9p116 (2mey) = » 901(6) = 0.3 nf.
. Pl .

Ex3: for the figure shown let¢,,=4 , ¢,,= 6, d;=3mm, d,=2mm and
s=12cm? if p, on the lower plate be 240 nc / m? find E in each region the
voltage between the two plates and the capacitance between the two
plates.

Solution:-

On the lower plate _ o

D P
D,=p, then D,;= D, and E;=—= s J

80 81‘1
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_ 240x107°
17 (4)(8.85x10712)

=67/80Vv/m

At the boundary between medium (1) and (2) we have:

D 240 x107°
Dnl = Dnz then E2 = nz

€, = (6)(8.85x10712 = 4520V/m

vV, = Eqd{ =6780x3x 1073 = 20.34 volts

V, = Eody = 4520 x 2 x 1073 = 9.04 volts.
V=V, V; =20.34 4+ 9.04 = 29.39 volts
(the voltage between the two plates).

There are many methods to cal cul ate the capacitance.

C= 2 onmmmt = iuse (oo c2 = 2°
B2 oo ANGE RS T | IR
, 5 —-12 —4
. Cle B0 ) U0 D) _ o146 nF
3%x10
, 5 —-12 —4
C2:6(88 x10712) (12x10 )= 0.03186 nF

2x1073

c1c2  (0.0146)(0.03186)

_ -9 _
TC1+C2 00146 + 003186 1077 =98 PF

Q
v

Or C=

_0.288%x107°
29.34

=9.8 PF
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Poisson's and laplace's equations:

These equations are partial differential equations can be obtained and used to get the
electrostatic quantities in free space or through volume charge. These equations may be
represented as single, two or three variables and these are of 2" order to be solved using a
certain conditions. To derive these equation using the divergence then:

VD = p inside the volume charge.
2 [0 outside the volume charge.

ButD=€ E
_
SVE=[S

andE= -VV  then

pv

V.(WW)=|, ©
V. (VV) = _?pv poison equation inside the volume charge

V.(VV) =0 laplace equation outside the volume charge

V. (VV) can be used as V?V so

_pv

V2V =[, ¢ using VV and V. (VV)as given before to get the final relation

0 ,0v 8 ov
v)= 2@+ 2@+l &
2 62 62V 3%V —pV :
=~ VeV = ayz + VA = s ((POIg)n))
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In cylindrical we have:

1.0 OV by 02 Ve 020
ViV==—(p —)+=(—=) +—
pap" dp” p?i0@%”  dz?
In spherical:
1.0 v IR, B, |7/ 1. 0%
V2V =——=—(r*2—) + —(sIn@ —) + —
T2 6r( ar) r2sin@ 69(S| d0 r2sin?0 o0p?

If the potential V isafunction of X then these equation reduced to

0%v 0%v _ —pv
o2 =0 Or—— =—— tobesolve

If V isafunction of p only then

pv
1 0 ov )
rer p% :[06 and so on for others
9%2v = 9%v —pv
%2 + 3,2 =0 or—

To get V,E,D......then a solution should be given using the boundary conditions ,this solution
gives the relation V then E,D,...can be estimated
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Solution of Poisson's and laplace's equations:

If the potential V is function of single variable (x, y, z, p, @, r, 8) the solution of these
equation can be deduced by integrating twice as show in the following examples :

Ex1: Assume that V is a function of x and at x = 4, V=50 volt at x = 6, V = 150 volt. find V ,E
and draw these with respect to X_axis.

Solution :-

2
V2V = 0 and % =0 ((Integrate twice))

av

s = A  then the final solution is :

V = Ax+B use the boundary conditions
atx=4,v=>50 then

50=4A+B 1

atx=6,V =150 then

150=6A+B 2

Solve eq.1 and eq.2 to get the constant A, B

100 = 2A then A=50 and B =50-200 =-150
~V=50x-150 final solution with constant values
At x=0,V =-150,atx=1,V=-100,atx=3,V =0,

Atx=6,V=150,atx =-1,V=-200

F= W = -2 gx = —50 ax
0X
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Ex2:= in adielectric region for wich er = 2.5,theV=20voltatp =2 andV=50va p =1
give the general solution for V, |E|, every where

Solution :-

V =f (p) then using Laplace eq.
we have :

10 ( ov

3 p%) = 0 ((Integrate twice)) then

then dv =A%p

~V=ALnp+ B solutionto get A,B then
V=20ap=2,V=50ap=1.
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~20=ALn2+B 1
50=ALnl+B__ 2 solveto get A,B

30=ALn(;)__

30
in(3)

~B=50thenV =-43.3

~A= = —43.3

Ex3:= pv = 25mc\m? is distributed uniformly through a certain region if V = 40
volt at y = 3 and V= 30 volt at y = 5. Give the solution and calculate V at y=0, 1,-2
use er = 3.

Solution:-

V2V = _Tpv then V = f(y), so

To get A, B use the condition given:

40 ==2%(9)+3A+B--------- 1
660

30=22%(25)+5A+B---------- 2
660
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10 = PP @y
+10=£-(6) - 24

25%x107°
17.7x10~12

A= 10) = (

2 €o

B =40+ v _ (ﬁ — ) = 55 use these then

EO 260

V= _pvy2+(——5)y+55

660

Usey =0, 1,-2 to calculate V at these positions
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The steady magnetic field:-

In this part, the magnetic field produce by current sources is introduce. This include the
basic relations that can be used to develop the magnetic field study for d.c current sources.
These sources may be line current (I) surface current (K)or volume current ())for any type
of current, there should be magnetic field (intensity, density ,flux ,force, potential and so
on).

Other formula as also included using L aplace's and Poisson's equations
Biot-savart law:-

It states that at any point Q the magnetic field intensity produced by the current source is
proportional to the current, dimension and the sine of the angle lying between the current and
aline connecting the filament to the point P where the field is desired. This can be given as:-

Idixar _ Idlsinf

di = —— = ——
41|R|? 471t|R|?

for total length then

] 12 1 dIxaRr

H = - A/m
11 4m|R|? /
H:magenetic filed intensity
or
8 am J-lz I dIXR 8 au leIdl sinf
11 anmR)3 11 anR)?

For surface current with K A/m then

U K ds X aR
47| R|?
where K : surface current density (K=é) A/m

for current density J A\m? then
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H ] dv X aR
47‘[|R|2

Use any of these three relations to simplify the final formula for the magnetic field intensity
(H)
Ex1:- line current I along the Z- axis and the point p (0,y,0). Determine the magnetic field at

p using the Biot-Savart law. Use I = 10 az 4 and y=3 for calculation of H at p using finite
length (I,=I,=10m) and infinite length.

Solution:-

12 _
__]Idl X aR A
B 41mR?
I

but 1dl=Idzaz

R =yay + zaz = pap + zaz

RI= P F 2 =74 72
Pl— ke

i L Z) W
NPT N P

12
7 j ldzaz X (pap + zaz)
B At (p? + z2)3/2

ar =

11

But
azx ap = ag
And

azxaz=0

| T
11
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_Ip z l, —
== [—pz W]li ag
Or
_ I [ [
H 2 L__|ag

el e E

“H= ﬁ [sin o, — sin o, ]a@  for finitelength =1,

For infinitelength when [, = oo then oc,= 90° and if [; = —oo then o¢; = —90° then
32 I , . —
H= pr— [sin90 — (sin — 90)]a® ‘
A=——ap A/m
21p
where @@ = al X ap

Or aH =al x an

_ FPRY " ol oY

For [,=I,- 10 then o¢; = sin (\/W+32) =73.3=—x,
= I . : = A e 1) £

~H= p— [sin73.3 — 31n(—73.3)]a@—zﬂ(g)(0.958) ag

H=0.508ap A/m
For infinite length then H = %a@ = 0.53ap A/m
a@ = —sin@ ax + cos® ay =-sin90 ax+cos90 ay

~ a@ =-ax then

H =- 0.53ax A/m
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Ex2:=Two infinite line current I; = 2ay A at x =z =4 and I, = 4ax at y=3, z =-6. Calculate
H at (0,0,0).

Solution :-
At (0,0,0) then use

L _
1@

" 2mpy

I, = 24

—4 4
ap, =—ax ———az
e ey
— 4
ad, = al, X ap, = ay X (Eax —Eaz)
a, \/% (az — ax)

= 2 4 = T s 2y
H, = — [ﬁ(az — ax)] =§(az — ax)

g, =2 ag

2 = anza 2

_ - a1 ¥ A —3%_ 6 _
p, = —3ay+6az, | p,|=V45,ap, = = +Eaz

_ -3/ 6 _ 3 i =
~a@, = ax X (\/f ay + ﬁaz) = ﬁ(—az —2ay)

_ 4

— -3 = 6 _ =2
H, p— [\/ﬁ (2ay + az)]=E[—2ay —az]

2 H=H+H="""2ay+ (= -—2)az

451 81 451

H = —0.04ax — 0.085ay — 0.002az A/m
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Ampere'scircuital law:-

Thisisalaw that helpsin solving problems more easily and it is derived from the Biot -
Savart law. It states that the line integral of H about any closed path is exactly equal to the
direct current enclosed by that path.

§.dl =1 ]
To prove thislet consider infinite line current along the z-
axisthen H = ﬁa@ and choose aclosed path circular path (dl = pd®) then

$H.dl = fozn(ﬁa(b).(pd(bd@)
I 2T
ZEIO d®:|

Then$ H.dl =1

Amper€e's law applications:-

Infinity long coaxial transmission line: if thislineis carrying a uniformly distributed total
current (1) in the center conductor and (-1)in the outer conductor. By symmetry, H isnot a
function of @ or Z, but it depends on p. Use Ampere'slaw in al region to get H in each one
we have four regions:

0< p<a, a<p<bb<p<candp>c:

>
= H ) E\
2 ->. L‘b .'> .‘:‘
I—(J\l 3 e A
A T _ o VW
NS [
-~

Region 1:-for0< p <athen ¢ H.dI=I and

. Jmp? p
[=—=1=1(%)
Jra? (a)

2
$H.dl=12
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_ P =  Ip =
H (2rp) =1 — then H = — ap A/m
Region 2:- fora<p <bthen$ H.dl = I
= e g
H(2rp) =1 then H = = aQ
Region 3:-forb<p<cthen. $ H.dl = I-1
I_ Jnp*-a®)
But I ]n(cz—bz)
. N _ p2_b2
=165
p?-b? s
HQ2mp) =1—-1 (c2—b2) this gives: —
_ I c*=p?
) [ a
21p c? — b? ®
Region4:-forc<p<ocothend Hdi=1-1=0
Pl s 5

~H(2np)=0 thenH=0

b- Consider a sheet of current :- If acurrent sheet in the xy-plane (z = 0) with current in y-
direction with K = ky ay as shown for a closed path enclosed part of the sheet then :

$H.dl = [ kdk =

o Hygl + Hyp (—1) = Kl

or Hxll - sz = ky

but H, isthe same for all positive z and is the same for all negative z. The magnetic field H
on side of the current sheet is the negative of that on the other : above the sheet:

Hy=—ky (z>0)
While below it,

Hy=—-ky (z<0)
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In general for any sheet of current

= U=
H=-KXa
> an

Ex1:= Two infinite current sheet K; = 20az at y=4 and
K, = —20az aty = 1find H every where

Solution:-

_ 1_ 1

H, = EKI X (—ay) = EZOC_IZ X (—ay)

o Hl - 10@3(

_1_ _

H, = EKZ X (—ay) = 10(-az) X (—ay)

o Hz = —106_136
H = Hl +H2 = O

Region2: 4<y<oosimilar H = 0 forregion1<y<4, H = 20ax

c- Solenoid and Toroid :-

For infinite length solenoid with N-turn or circular current sheet then using Ampere's law,
the magnetic field inside and outside these :
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*L
Toroids: %%
.."
4 , }}’. 3
H = 0 (outside) H =0 (outside)
H= Ka(p"l.%a)ﬁ® (inside) H= %a@ (inside)

Ex2:-For |=2A in atoroide of 500 turns with dimension cross section radiusis 1cm, p, =
20 c¢m (center to center). Find H at y=0,10cm ,20,22cm

Solution :-
Aty =0then H = 0 (outside)
y =10 then H = 0 (outside)

~ _NI  500x2 500
y = 20cm then H=— 0 2m(20x10-2) _ 7(0.2)

A/m

y = 22 then H = O (outside).

M agnetic flux and'magnetic flux-density:-

Each current source produce a magnetic flux ({y m), measured in weber (wb). When
this flux crosses acertain area then there is magnetic flux density (B) in wb/m? or
(Tesla). Also B can be calculated from:

B = uH = pou, H wb/m?or Tesla

U, is the relative permeability and p,: is the permeability for free space
o = 4w x 107 H/m

All magnetic materials have u,, >> 1 and for air (free space) u,, =

The magnetic flux is



User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight


Electro-magnetics Il
Dr. Ahmed A. Abbas
Lecture: 6

University of Anbar
College of Engineering
Dept. of Electrical Engineering

U, = [[ B.dS wb = e

Or —
Y, = u j f H.ds
Then by calculating H, we can get B through the material for a certain w,..
S -
Lok
=
Also y1,,, = [[ B ds cos6 o Rk

Y, = 0 when 6 = 90° and maximum when 8 = 0

Ex3:- Infinite current I = 20az A. Along the z-axis calculate B at (3,4,5) then find
magnetic flux crosses the surface:

e
a-p=4,0<0<m 1=<z<10. B
b-9=90,1<p<4 1<z<10. - i
Solution :-
y I~ 20 2
_ana _ana

But p = 3ax + 4ay then

|p| =vV9+16=5
H=—rap =~ag
N _107'[a _na

B = pH =41 x 1077 (%) ao = 8 x 1077 ag tesla
a-B = uoﬁd(b then Y, = [[ B .dS

Butds = pd® dzap
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= ff%a® .(pd® d z ap) = 0 weber

b- ds = dpdza®
ﬂ—a@ dpdzap) = — ﬂ
Y =2 2110010 ]2
m = o 1 Pl1
4x10~7(20)

= 2 (10 - Dind

= 36 X 107° [n4 webers

=49.9 u webers
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Curl:-

Choose asmall rectangle with sides Ax and Ay and current produces H at the center on this
area. where

Hy-Hyoax + Hyoay + H,paz

the closed line integral of H about this path is the sum of the four values of H. Al on each
side.

» (H.ADqL, = (H +1aHyA A
= (H.AD152 = (Hyo +5 == Ax)Ay
1 0Hx

(H-Al_)z—e = —(Hyo + 2 dy

Ay)Ax

Continuing for the remaining two segments and adding results gives:

7 47 — (@Hy _ 9Hx =
$H.dl = ( ——— )AxAy current enclosed
=Jz AxAy
C$HAl OHy  OHx\ _
“AxAy_(ax 6y)_]Z

For AxAy = As then

$H.dl _@Hy 0Hx _
As — 0% dy ~z

limpsoo =

In similar way we can find that :

_$Hdl _ 9Hz _ 0Hy
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¢ Hdl
(curl H),, = lim o =Jn
This can be expressed in the from :
ax ay az
7 — g2 2 9|_- 2
curlH =V xH = |- D 2zl A/m
Hx Hy Hz
Or V x sz Where]_ = ]x ax +jy ay +jz az
AndV x B= uJ
curl F = Qg L (L2 g g (U0 Yy (O _ O,
-.CUI’lH—VXH—(ay az) (az ax) ( )
In cylindrical :-
- 1 0Hz O0HO® J0H 0Hz 1 0(pH® 1 0H
— =<____>_p <_p__>a®+[_ (pHQ) b,
p 00 0z 0z ap p dp p 9
In spherical :-
o 1 [0(H sinB) 0HO W 4 OHz a(rHQ)) 1 O(THH)
VXH=— [ — ar=t— =
rsin@ a0 a0 r|sind 00 r ar
OHr_
a0 1

In this case we can get the current density by using the expression of H orB then the current
can be calculate

Ex1:- given the magnetic field intensity H = y2 zax + 2(x + 1)y zay — (x + 1)z%az
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a Find curl H at (2,4,5).
b- Calculate the current through 1< x<3,y=2,1<Z<2.
Solution :-
ax ay az
7 | 2 2 2
a culH =VXxH=| 3 3y py

y2z  2(x+1yz —(x+ 1)z

=l5; (- + Dz?) = 2 [2(x + Dyzlax - [~ [+ D2?] - 5 022y + [ (2 +
1yz —% y?zlaz

~VxH==2(x+1Dyax + (y*> + z>)ay = ], ax + ], ay

at(2,4,5thenV x H =—-24ax + 4lay

b- fory=2thends = dx dz ay

|=[[].d5=[[]y ay.dxdzay = [[]Jy dx dz

but Jy =(V x H)y=(y? + z?)

2 3
ol = .[ .[(yz + z%)dx dz
Z1x=1

Z

=(*Padedz+[*[’2% dx dz
fl 1 1 J1

=(4) (1) @+ (N(@) =8+ = 1266 A




Electro-magnetics I
Dr. Ahmed A. Abbas
Lecture: 7

University of Anbar
College of Engineering
Dept. of Electrical Engineering

Stokes' theorem:-

From Ampere law:
I=¢H.dl buu:ﬂj.ds-:ﬂ(wﬁ).dg

.-.Izgﬁﬁ.dz'zf (VX H).ds

Thisis stokes theorem for calculating the current by using both side

Ex2:-for H = y?zax + 2(x + 1)yzay — (x + 1)z?az and theregionx =2 ,1<y<2,1<z
< 3. Evaluate the total current through this region using both sides of Stokes' theorem

Solution:-

Ix = gﬁH.dl":ﬂ(Vxﬁ).ds-
butVx H=-2(x+1yax + (y? + z*)ay

and for x =2thendsx = dy dz ax

3
~ R.H.side is j
=1

Z

2
j —2(x+1)ydydz
y=1

3 2 3 2
.'.Ix=—fj4ydydz—JJ2ydydz
11 11

= 432-2(3)2 = — [ = —18a
=-40)2-2(3)2 =—18A or [ = —18ax 4




Electro-magnetics Il
Dr. Ahmed A. Abbas
Lecture: 7

University of Anbar
College of Engineering
Dept. of Electrical Engineering

2 3

[~ + D22z - j 20x + Dy3)dy - j —(x+ D)z2dz

1

2

2

~x = 6jydy - 18fydy = —12[%]% = —184
1

1

IL,=¢H.dl = [[(VxH).ds=-184

or ] =—18ax A e 1
%

T~
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The scalar and vector magnetic potential:-

The scaar electrostatic potential v is related to the electric filed intensity by integral and
differential forms. In magnetic field there are scaar potential V,, can be related to the
magnetic field intensity H by integral and differential forms and there is vector magnetic
potential A can be given directly from Biot-savart law and also can be related to B for region
contains H thenthe magnetic scalar potential is:-

V e = - fba H.dl  outsidethe current region

If V., is known then

H=-VVm for J=0 ((outside the current region))
Where

VX H =j(inside) thenV x (=VVm) =]

ButV x (—=VVm)=0

SoH = -V Vm isvalidefor region free of current.
asoV.B=0 then uyV.H=0

~V.(-VWm) =0

Or V2Vm=0 for (J = 0)only

To find the magnetic potential inside the conductor then, we should introduce the vector
magnetic potentia A as given in the general forms:

. 2,21
for line current =
_ 2 ot
A= KA wh/m

€ 4mR

For surface current

_ uK ds
A=
H 4R
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and for volume current then

i- %=

The magnetic flux-density can be calculated using :

B=VxA 0rﬁ=i(V></T)

But Vx H = ((outside the conductor

inside the conductor ))

_ 1 S
VxH=E VXVXA=[;

AndV xVx A =V(V.A) — V?A = -V?4A

.~ V24 =0 for outside the conductor because (V(V.4) = 0

And

V2A = —uJ  inside the conductor

These are Poisson's and Laplace's Equations for the magnetic field.
Magnetic forces:-

If there is amoving charge in magnetic field B then this field exerted magnetic force on the
charge given by :-

dF =dQV x B

but

J=pvV and dQ = pv dv
~dF =pvdvV xB

Or

dF =] x Bdv for current density
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For other distributions J dv = Kds = I dl
Then

dF =K xBds ((surface current))
dF = Idl x B ((Line current))

averageforceis

F = flllzldl_xé Newton on F = BIL sin
F:] (K x B)ds

F=H (T x B)d?

Ex1:- Two infiniteline current I, =1, = 10az A located parallet to the Z-axis at x=2, y=+3
calculate the force exerted on 5m length of I,.

Solution : - :

B e z t $ 1

Bl T 2mr a¢ _f
ar = ay

ap = az X ay = —ax

~ B; atthepositionof I, is

_ Mols
By = 21'[(6)( ax)

-~ force on I,is
5

FZ == jlz dl_z X B1
0

=212 (5) [az X (—ax)]



User
Highlight

User
Highlight

User
Highlight

User
Highlight

User
Highlight


University of Anbar
College of Engineering
Dept. of Electrical Engineering

Electro-magnetics Il
Dr. Ahmed A. Abbas
Lecture: 8

500 _
==—0 (—ay)

121

500 )
o F2 = 3 * 10_7ay

~ F, =—16.6ay uN

F, = —F, soF, = 16.6 ay uN




