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CHAPTER 1
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Prob. 1.2 Let A=UVV and apply Stokes’ theorem.
fuvvid = [vxUvv)ds
L S

= [(VUxVV)dS + [U(VxVV)ds

x}ax

Jazzo



https://ebookyab.ir/solution-manual-numerical-techniques-in-electromagnetics-with-matlab-sadiku/

https://ebookyab.ir/solution-manual-numerical-techniques-in-electromagnetics-with-matlab-sadiku/
Email: ebookyab4@gmal- +OE A p, Eitaa)

Since VxVV =0,
fuvvid = [(vU xvv)ds
L S

Similarly, we can show that
Lﬁvvuuﬂ =j(vv x VU )OS = -j(vu x VV S
L S S

Thus,
muvvuﬂ =—gjvvum|
L L

as required.

Prob. 1.3
Using divergence theorem,

Juvv)ds =[viuvv)dv

But VH{UA)=UVIA+ A VU, where A=VV
j(u VV)idS =j (UVIVV +VVIVU)dv
S \Y

=j(uv2v +VULVV)dv

Prob. 1.4 If J =0= p,, then Maxwell’s equations become

VIB =0 )

VID =0 )
oB

VxE=_ 3

8 ot ®)
oD

vxH =P 4

TN “)

Since VIVx A=0 for any vector field A,

VWXE:—@zo
ot

VIV xH =@=0
ot

Showing that (1) and (2) are incorporated in (3) and (4). Thus Maxwell’s equations can
be reduced to curl equations (3) and (4).

Prob.15 If J=0=p,,
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VIEE = p,
ViuH =0
oH
VxE=-pu—-o
ot
VxH=J] +8§
ot
0 0J 0’E
VxVxE=-u—VxH=—u—- e
Hat Fa "
o) 1 0°E
V(VIE)-V’E=-pu—-—-——
( ) lu 5’[ CZ atZ
1 0*E oJ
VE-——=V(p,/&)+u—
e (p, 1)+ pu o
Similarly,
VxVxH:VxJ+8§VxE
2
V(VDH)—VZH=VxJ—ygaat';'
or
2
VZH—iZa—tI:—VxJ
c
It is assumed that the medium is free space so that the medium is homogeneous and
u= ! =C.
JHE
Prob. 1.6
(a)
VxH=J] +@
ot
oH
VxE=-pu—-o0
Hat
VXVXH=VXJ+£(VXD)=VXJ+82(VXE)=VXJ—2(NG—H)
ot ot ot ot
2
V><V><H+,u€a I;I =VxJ
0 0 oD 0J 0°E
DVxVXE=—pyu—(VxH)=—pu—(J +)=—pu—— ue
(b) #at( ) #at( 6t) B THE
0°E 0J
VxVxE + ue =—U—
oor =
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Prob. 1.7
oH
VxE=-u—- 1
x H (1)
VxH=J +8—D 2
ot
Dotting both sides of (2) with E gives
EL(V x H)= ELJ + Eu‘z—? 3)

But for any arbitrary vectors A and B,

VI{(AxB)=B{VxA)- A(VxB)
Applying this to the left-hand side of (3) by letting A=H and B=E, we get

H(VxE)+V(HxE)=ED +%§(DDE) (4)
From (1),
_HBy_ 190
H(VxE) = HI{ 8t) 28t(BDH)

Substituting this into (4) gives

10 10
~ =2 (BH)-V(ExH)=JE +=—(DE
2at( )—VHExH) zat( )

Rearranging terms and then taking the volume integral of both sides,

[VI(Ex H)dv:—%% (EID+ HIB )dv— [ JTEdv
Using the divergence theorem, we get

fI(ExH)ds :—%—jJDEdV
Or V

w
ot
as required.

=—[[I(ExH)ds - [ ELUdv

Prob. 1.8
VIE=0, V[H-=0

0 90 9
VxE=|x oy 52=—d—yax+%ay
E, E, O z z

=—10k sin(wt + kz)a, —20k cos(wt —kz)a,
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H :—ijw Eot
Hy
= L[—10 cos(wt —kz)a, + 20sin(wt - kz)ay]
O,
which is the given H. Since all of Maxwell’s equations are satisfied by the fields, they
are genuine EM fields.
Prob. 1.9
VXE:—,ua—H — 6—H=— ! Vxeg E
ot o g,
oH 1 i i 2
E:— VxD=- 8X 8y 82
:uo‘c"o :uogo Dx (Z,t) 0 0
__ 1 aﬁay :—’B D, sin(wt + Bz)a,
:uo‘c"o az :uogo
H= D,
= —Fcos(a)t - p2)a,
Prob. 1.10
VxH, = JoE, == (pH,)a,
pdp
_H (lpuzewp _ j’BPIIZEiﬂpjaZ
p\p
_ Ho (iz_jﬁjeiﬂpaz
AV,
ES:V_XHS: -l Ho (%_'ﬂ}e]ﬁpaz
joe  joe p\p
Prob. 1.11
Itisevidentthat VIE =0 and VIH =0 are satisfied.
VxE :—aa—? —>  VxE =-jouH,
o 0 90
VxE,=| ox oy oz|=—jBEe " a,
Ee’”™ 0 0
i i Eo —ipz i -ipz
Le. —Jou—e""a, =—-]BEe " a,
n
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ﬁ:% (1)
n
oD .
VXH:JJFE ——> VxH, =(o+ joe)E,
o o 2
VXHS=6X » o J'B “C o gl
0 e of 7
n
(o + joe)Ee ""a, _ 1BE, ~ o g g
n
B=—-In(o+ jwe) (2)
From (1) and (2),
(ot jos) — =A%
o+ Jwe
Thus,
_ | dew g _on
o+ jos’ n
Prob. 1.12

The surface current density is
K=a,xH=a,x(H,0,H,)
Atx=0, a,=a,, K=H,(0y,zt)a,
ie. K =H, cos(wt - Bz)a,
Atx=a, a,=-a,
K=-H,(aY,zt)a, =-H, cos(r)cos(at - fz)a,
ie. K =H, cos(wt - Bz)a,
Aty=0, a, =a,
K=-H,(x,0,z,t)a, + H,(x,0,z,t)a,
pa

=—H, cos(wx/a)cos(wt — fz)a, ——H, sin(zx/a)sin(wt — f2)a,
T
Aty=b, a =-a,
K=-a, x(H,,0,H,)=H, (x,b,z,t)a, —H (x,b,z,t)a,
pa

=H, cos(wx/a)cos(wt — fz)a, ——H, sin(zx/a)sin(wt — f2)a,
T
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Prob. 1.13

0°E

a V’E =
(@) Hobo =7

2
For E V’E =%cos(a)t—,32)aX :g[ﬁsin(wt—ﬁz)aX =— % cos(wt — B2)a,

2

HoE,q o —op,e, cos(ot — fz)a,
Thus, -p*=-0’pe, —— B=w\Ke,
(b)
oH
VXE——‘uE — Hz—uoj.VxEdt
o 092
VxE = OX oy oz|=Bsin(et-pz)a,

cos(wt—pz) 0 O

H :—uoj',Bsin(cot—,Bz)dtay =%co:~:(a}t—ﬁz)ay
Prob. 1.14
VxH:a—nga—E —  VxH, = josE,
ot ot
VxH, = ! —(25|n00030)( +J,Bje‘ﬁr
rsiné 4rzr
ILsin@| . (1 . i 1 .
_ _igl =4 gifr _ = oifr |5
Arrr { J'B(r J'Bj r2 }9
E. = “_‘ e’ﬂ{ZCOSO(% —’fjar—sine(ﬁz—ﬁ—inaa}
drrjwe r r rr
Prob. 1.15

. ; Jkyy  q—dkyy
E _ 20(e]kxx _eflkxx) (e Y —-e Y )
S 2] 2]
— js[e](kx)H'kyy) + ej(kxxfkyy) _ e j(kxxfkyy) _ e _j(kxx+kyy) :|

which consists of four plane waves.

VxE, =-jou,H
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Or
. M)
H.=—) VxE, = |ox oy &
o “lo 0 E.xy)
] [ OE, oE,,
= a, ——*a,
O, \ 0y OX
20 k. sin(k in(k k
:—w—%[ ,sin(k,x)sin(k, y)a, +k, cos(k,x)cos(k, y)a, |
Prob. 1.16
(@ 1 =Re(l,e'")=sinzxcoszycos(wt—2z)

(b) V =Re(20e 12g 1% glot _10g 4*glet)
V, = 20e 12 1% _10e 1" = — j20e 2 —10e I**

Prob. 1.17

(a) A=Re(Ae")=cos(wt-2z)a, —sin(wt —22)a,

(b) B =Re(B.e'")=-10sin xsinota, —5cos(wt —12z —45°)a,
(c) C=Re(C.e"")=2cos2xsin(wt—3x)+e* cos(mt —4x)
Prob. 1.18 Assuming the time factor e**, equation

E_ &

V2E — e =
oo = Hx

becomes
V’E, + 0’ ucE, = joucE,
or

VE, - jou(o + jowe)E, =0
For conducting medium, o [J we so that

V?E, - joucE =0
Prob. 1.19

Let A=Re(Ae'"), V =Re(V.e'"), etc

p, Eitaa)
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0%A

ot®
Similarly,

oV
Ed
Substituting these into egs. (1.42) and (1.43), we obtain

VA, + 0V, =P
P

VEA + o’ ue A = —pd,
But k®>=w’us. Thus,

VA, + kA, = Lo
&

VZAS +k2A§ =_:u‘]s
Prob. 1.20

(@ a=1 b=2 ¢c=0,
b® — 4ac = -16

Hence, it is elliptic.
(b) a=y*+1 b=0, c=x"+1,

b® —4ac = —4(x* +1)(y*+1) <0
Hence it is elliptic.
(c) a=1 b=-2cosx, C=—(3+sin’x)

b? —4ac =4c0s* x+12+4sin*x =16 >0
Hence it is hyperbolic.
(d) a=x*> b=-2xy, c=Y?,

b? —4ac = 4x°y* —4x°y* =0
Hence it is parabolic.

Prob. 1.21
(@ a=a, b=0, c=0, b® —4ac =0; i.e. it is parabolic.
(b) a=1 Db=0, c=0, b® —4ac = —4; i.e. it is elliptic.
2 2
© |22,901 g
OX oy

a=1 b=0, c=1 b® —4ac = —4; i.e. it is elliptic.
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