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Ex. 1/ Starting from the equation Vx H = J + 5¢ to obtain continuity’s equation V .J=— EY
Solution:
oD
VxH=J+ FYRRIEIERR (1)

By taking the divergence of each side to equation (1), we get:

o
V/V/Xsz.J+V.a—D
Jat
oD _ _ 2
V.I+V. 2202V . J==2V.D. ... )
But from (Gauss’s law): V.D=p e 3)

Sub. Equation (3) in equation (2) we get:

0
V.J)=- a—” “ ”
t Continuity’s equation Ay ) i) Aldlaa

Ex. 2/ A potential distribution is given by U= 7y?+12x (v), what is the expression for E? What is
its vector value (magnitude and direction) at points: (0, 0), (5,0), (3,0) and (5, 3),

Solution:

E=—VUSE=- (;—xi+ :—yj+%k)(7y2+12x)

E=[ = (7y*+12x)i+ :—y (7y? +12X) j + = (7y* +12%) k]

E=—-12i—14y]
1) Atpoint(0,0)=E=—-121i—14yj=—12i
2) Atpoint(0,3) =E=—121—-14yj=—-121 —42]



3)Atpoint(5,0)=E=—-12i—14yj=—12i
4) Atpoint(5,3)=E=—-12i—14yj=—12i — 42|

Ex. 3/ A parallel plate capacitor with plates have the shape of circular disk, radius ( r ) separated by
distance (d). Filled by material a dielectric constant (k) and the coefficient of the electric

conductivity (o). Connect it by varying voltage V = vy w t, let the electric field is homogenous.
What is the magnetic field (H) in the capacitor?

Solution:

We have Ezg ............. (1)

V=vysinwt................. )

Sub. Equation (2) in equation (1) we get:

_Vpsinwt 3
= (3)
And we have: D=€E= D=k€eE
} ------------------ (4)
J=O0OE
@ Ayl ) 418 e\qiiui_]
oD
fCH.dﬁsz(J+E).ds ............... (5)

Sub. Equations (3), (4) in equation (5) we get:
0
fCH.dE:fS[(UE+a(kE E)] . ds

((3) o (E) dedf a3 OY)

fde=0=2mr 5, lana

fds :S:ﬂ:rz 3 ylall Aalisa




H.Zﬂ:&?//z[asinwt+kECOSwt] isina)t:a)COSa)t

dt

Vo T )
AHZE[O‘ sinwt + K€ COSwt]

Ex. 4/ (a) state Maxwell’s equations in their general differential form. (b) Derive them for
harmonically varying field.

Solution:
(@)
oD
DNV xH=J+ s (Ampere’s law)
0B
2) V xE=— s (Faraday’s law)
3)V.D=p (Gauss’s law in electric)
4V .B=0 (Gauss’s law in magnetic)
(b)

) VxH=(0C+jw€)E
2) VXE=—-jowuH

3y V.D=p

4y .B=0

(b) &4 A (1) Uabaall <) () (4 / a8

We have D:Doe]wtzazjooDoe]‘”t

=jwD but D=€E

a—D—'(JL)EE J=0O E
P -
aD .
VxH:J+a— Uslad) 8 280 ldanall oy gaty
" :

VxH=0E+jw€E



VxH=(0+jWwE€)E (b) &8 (1) Ualadll

() £ A b (2) Asladl) il (l (o / a3
. OB .
We have B=Boe1‘*’t=>5=jooBoe1“’t

=jW B but B=uH

2 jouH
- E-jop

0B . " . .
VxE:—E (@) g o4 (e (2) Aalaall A Cliazall 638 (yiay 2%
.'.VxE:—j(DHH (b)&)ﬂ\‘;(z)mu\

EX. 5/ Give the step by step development of Maxwell’s equations from Ampere’s law (@) integral
form and (b) using stoke’s theorem in differential or point form, (c) modify both integral and
differential form for harmonically varying field.

Solution:

(a) According to Ampere’s law: the line integral around a closed contour is equal to the current
enclosed, where both conduction and displacement current are present, this current is the total
current.

$H . d0=[Ucong. *laisp.) 48 omem (1)

- The conduction of current through the surface (s) is given by:

]COTld. = ISO- E.ds............. (2)
(2) 8l any (5) Bl o A Jana sill s

- While the displacement current through the surface (s) is given by:

_ oE _ _
]disp.—fsfa-ds—fsﬁds ............. (3) D=€E



Sub. Equations (2), (3) in equation (1) we get:

fﬁCH.dE=fS(O'E+EZ—Ii).ds ............ 4)

Equation (4) is the complete integral form of Maxwell’s equation derived from Ampere’s law it is
also often written as:

oD . . . .
9SCH.dz=fs(1+—).ds ............ (5) el (518 (pe AiEA Jy suSle Alalaal LS dageall

(b) By an application of stoke’s theorem to equation (3) we get:

9SCH .d=[(V xH).ds....... (6) (5) Aslaad) e daaall (S gins By ks
By equal (5) , (6) we get: e daani (6) ¢ (5) Ualaal) 31 sbsay
oD
AV < H) 48 = )+ 0
R VAR H=]+aa—li .............. (7) Dl 05l (e 485l J sule Aalaal A bialisl) dapial)

(c) For harmonic variation, the phasor forms of Maxwell’s integral and differential equation,

If D varies with time as given:

) oD )
D:DOel“’t:>E:JooD0e1“’t

And J=0E .., 9)

Sub. Equations (8), (9) in equation (5) we get:

gﬁcH dl=(0+jw€)[E.ds....... (10) Ol o 5 paial) ¥ laall ) puSile Asbad LS da el

Sub. Equations (8), (9) in equation (7) we get:



VxH=0+jweE)E.......... (11) Ol aa B _patiall Y Laall Jh guSle il 4plialalil dapall

1
Ex. 14/ A potential distribution is given by V=3Yy 2 (v), what is the expression for E, What is its

vector value (magnitude and direction) at points: (0, 0), (4, 0)and (0, 4).

Solution:
E=-VU
1
d . J . 0 =
E—— a +£J+£k)3y2
3 odyh
= — X=
oY 2]
_1 1.5 .
=—13y 2)j=——7]
y?

1) Atooint (0 0) = E=—2i= oo e
) Atpoint (0, 0) == = e

E:OOj

- 1.5
2)Atpoint(4,0)=>E:Tj: o0 j

—15 _—15
3)Atpoint(0,4) =>E=—"7"j= > ] =— 0.75) (v/m).
42
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