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Figure 5-1 Wave reflection and transmission at normal incidence by a planar interface.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.
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Example- A UPW in air (&, Mo, z < 0) is normally incident on a glass half-space
(5€0, Mo, z>0). The 2.4 GHz incident electric field is oriented in the x-
direction and has a field strength of 0.6 V/m at z = 0. Analyze and
determine the various associated fields, power densities, and other

related quantities.
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Figure 5-2 Perpendicular (horizontal) polarized uniform plane wave incident at an oblique angle on an
interface.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.
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Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,

ISBN-13: 978-0470589489.

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics



EE680 780 chap 05 notes.docx 17/ 62

5.3,/ cont:

bhea &, € & o %</} There (s a range
(hish to /fow)

of ansles O ¢ 6 where Gé 4 Céa/e
real. f/vwa./g/// W7 e crtlical anoé &

/

// —_ / (ﬁfh /n7‘8/nar/ 7o &, Me%a)
rellection ! )

=|.
9 9&

/{/ O, >é. /jéaé TLé become aan/é//
J
W(y//&a/( £7L V‘Z)f_g‘ more M 5?575.0/! 5:.;.&/(

—

Ldff/}’, é/:é';fg( 240 (mq/:a ()
_,)/5, (KSinG+2cos 9,) bJZ‘a’,anrQ«N
[/*/Z@

= 0}/ /fo
T 72
Tra /&A‘ﬂﬁ fﬁn%;zj
(nace it
b\/l\.“/( e //ZQ/.C
2f. Ty
(%) Péc’J z <0

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics



EE680 780 chap 05 notes.docx 18/ 62

5 32 /n/a//s/ (VerFical or H)/oén‘za%/an

- Iﬂ 7¢ZI I.S- Ca ;é’ See E} jfé/ E N //ﬂﬂ(" 07[ l‘nJI'cA‘nCE

(¢

H? =4, H Sl 5, & Sl ree) g co
I / (5-206)

an&/

,

/// ’ "= (G cos@y ~az5ia b ) £ J/( M 2 <0

L B(X 598 £ 20050

’[a, CosO, - @, Sinb, ).E (5-20a)

4(__ ‘- E/./ é"
Whee £, = £ \‘/1/“7’/’:7
=T he /gp/tﬂC%C/ 7[:8//(( are é/¢7[’h&/

// = [ax c:aséfrfazg,,,é()ff J'g
_JIK,(}(IMW 2casé’r>

- (Gy cose, +ay 5inl) ) },/ P (5-20.)
-— . —7," b ‘ ! -
Toeog y  oF 7 L% _pilxsiate 2c0s8;)
l y Iy e - -4 L2 e 220
!
(5-215)

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics



EE680 780 chap 05 notes.docx 19/ 62

Figure 5-4 Parallel (vertical) polarized uniform plane wave incident at an oblique angle on an interface.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.
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Figure 5-5 Magnitude of coefficients for parallel polarization as a function of incident angle. (a) Reflection.

(b) Transmission.
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Example- A UPW in air (g9, Mo, z < 0) is obliquely incident on a glass half-space
(6¢0, Lo, z> 0) at an angle of 45°. The 800 MHz incident magnetic field
is oriented in the y-direction and has a field strength of 0.4 mA/m atz =

0. Analyze and determine the various associated fields, power
densities, and other related quantities.
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Example- For a parallel polarized UPW in air (g0, Lo, z < 0) obliquely incident on

a glass half-space (6o, Wo, z > 0), find the Brewster angle. Then,
determine the reflection and refraction angles as well as the reflection
and transmission coefficients.
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Figure 5-7 Critical angle wave propagation along an interface.
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Example- A UPW in air (&, [o, 6 = 0, z < 0) is normally incident on a lossy glass
half-space (5¢o, po, o = 2.4x10* S/m, z > 0). The 2.4 GHz incident
electric field is oriented in the x-direction and has a field strength of 0.6

V/m at z = 0. Analyze and determine the various associated fields,
related quantities, and power densities at z= 0 and at z = 10 m.
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Constant amplitude planes

Figure 5-10 Oblique wave incidence upon a dielectric—conductor interface.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics



EE680 780 chap 05 notes.docx 46/ 62

S'L/Z Con?‘
~
f/ CoS 6{; 4//"51/1 9,5 // :i/@ )54;,,7—@,

_ , Gome
—SeJ = S'/CoS'f+J5m)0 e-:om//”
KZe'l'a =

W/ TheSe e can re-write E—t as
Ft=£F 2 /?)[x - Sin @y + 25 (cosSt Jrnf)}
= 2

_E—.— -2S(wpcoc ) - @514)’)_)[6@}({“,9 3 25(=, sn,}’+/§w5f9]
Jetae /:f("(zcof/"dng"ﬂf): ze
f = f[ﬂﬂ,{inffp’tcosf)

2 S (st s2g) e Morerifoon

tave!

go—

£t

/4.{5«4»44/‘/«9 5 T /‘¢a/, e 7&7"45 f,‘me/a/amh/‘r\ S/’
S — .

&t = £ e }/cos[wtv(/,xsmﬁ; +Zj)z

=5 & ¥ rocf[wt-( ,MM%'*%)Y
[wi-(prsaeit22)]

—

1
5,9”57%.4* G [EAe //ane,( arc /qfa//f/
Yo 222 intertface
g”fﬁn'f Zédft //ﬂne; are al Seme
angle %z thatl /s M7 G (‘a,?;/tx)
(5“36 Ej S- /0)

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics

3|




EE680 780 chap 05 notes.docx 47/ 62

;oﬁ/ l Conj
Laé/é«‘nj af )‘11¢ /%a__(c a/‘jwmemf

/ﬂ-o%pr 771(.!
¢ ou?

Cdf*[ﬂx{mﬁ,yzj);w{;, (/é’,Szné'_,«)l’% 2

ﬁl SN 6,,’ X

A ]
+ 'l
W‘g( 531\6_,') +? "/[ﬂl 5”'54 +2

/I/Olﬂ/j 0/6‘74r1e

M‘;/,f;ngd'
~ S) é,{ A
Sin '// f /)z = --—-—;-:":
WﬁzSné‘)*? n"tg

U kst (B) ()
Mwé;t"ée’zf /Ze[ j[&)t'mz FT? W?X}
g vt [ SR
=E, &% [le f e’ wt e fﬂj

where Ay —aySia ¥t ta cosh

ﬂz . Sy uls 9°

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics



EE680 780 chap 05 notes.docx 48/ 62

5‘/2 Con7
/gf‘fe/ a// v}; 7%“1'/ we Can ﬂp?’@,‘

D Aagl of cetoaclron is really %
(/l/ﬂf Or which has be come Cam//éf)

Z) /{67[/167;/ hde ffﬁtx/(/_f ‘N ﬁy, a/p'r&aﬁbn

3) Congﬂnf/zafe //4ner Gare 0"72050‘“/ Yo /?}

7; ﬁm/ /éafc V&/a&;‘f}/ /A Mﬁﬂ/"btm 2
. o y
%(Wﬁ"/{w (7 )) = Z/?/Gf?nf?c[mf)

N . _____,/.. . — =
V?r =Ny & = e W
¢ & pur!&?‘/‘of\ 0[ 9,4’
%‘/ - l}(ﬂ oy 0-)2-#;; cS el a¢ m«ﬁ/.'a/
N
- (R ;o /mfzrfr'u /”:,f/, ,4/1)4741"&

EE 680 Engineering Electromagnetics / EE 780 Advanced Engineering Electromagnetics



EE680 780 chap 05 notes.docx 49/ 62

Example- A 6 GHz UPW in air (&, Lo, z < 0) is obliquely incident at 6, =45° on a germanium
half-space (15.8gy, o, o = 2.2 S/m, z > 0). Find the intrinsic impedance and
propagation constants in the two materials, reflected 6. & transmitted 6, angles,
reflection & transmission coefficients for both parallel and perpendicular
polarizations, effective attenuation a,. & phase [, constants, true refracted angle
w», and phase velocity v, in the germanium.
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Figure 5-11 Impedances and reflection and transmission coefficients for wave propagation in dielectric
slab. (a) Dielectric slab. (b) Reflection and transmission coefficients.

Advanced Engineering Electromagnetics (Second Edition), Balanis, Wiley, 2012, ISBN-10: 0470589485,
ISBN-13: 978-0470589489.
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