Erkan AFACAN ELECTROMAGNETIC WAVES

3. Normal Incidence at a Plane Conducting Boundary

x
A
® - Z
E;
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Incident wave
Medium 1 Medium 2
(01 =0) (Perfect conductor o5 = 00)
z=0

El(2> = a, Bye 777

. E; ,
Hi(2) =, —2 e/
T

E : the magnitude of I:fz atz =20
f1 : phase constant of medium 1
7 : intrinsic impedance of medium 1

M1
€1

m =

In a perfect conductor electric and magnetic fields are zero.

The incident wave is reflected giving rise to a reflected wave (E,, H,).
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(01 =0) (Perfect conductor oy = 00)
z=0

Er(z) = —a, F,qe/%?

Reflected wave travels in —z direction.

Total field in medium 1

— —
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El(Z) = EAlm EiO 6_]612 — ﬁz ETO €j612
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aTLT aZ
o 1 R 1z
H,(z) = — (—a,) x (—a,) Ejpe!™
T
o 1 iz
(2) = —a, Epe’™
m

. Eo  Ey .

H(2) = a, —2 e7h2 43, =0 oIz
T Ui

. E; . .

Hy(2) = &, 20 (c797 1 %)

T

H(2) = 4,2 =2 cos 12
T

Ei(2,1) = Re [ﬁl(z) ej“’t]

El(z, t) =Re [—ﬁx 2j By sin 312 ej‘”t]

E(z,t) = Re [—a, 2] Fj sin 1z (coswt + j sinwt)]
El(z, t) =a, 2 E; sin 2 sinwt

H,(z,1) = Re [ﬁl(z) ejwt]

. E, .
H;(z,t) = Re [ﬁy 2= cos B2 e]“t]
U
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4. Oblique Incidence at a Plane Conducting Boundary

4.1 Horizontal Polarization (Yatay Kutuplanma)

x
A
*********************** 5 U ® -z
’ énz
]:fi Medium 1 Medium 2
H (o1 =0) (Perfect conductor oy = 00)
1
Incident wave 5 =0

0;: angle of incidence

ﬁlx sin 091

ﬁm' = flx sin 92 + ﬁz COoS (91

E; (ZE, Z) = ﬁy FE; 6_]61 ani R

a,; - R=(a, sinb; +a, cosb;) - (a,x+a,y+a,z)
a,; - R = (zsinb; + zcosb;)

E’i({ﬂ’ Z) _ ﬁy Ei(] efjﬂl(msinOﬂrzcos@i)
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o 1 o
H;(z,2) = — [ém x E;(z, z)]

o 1 . )
H;(z,2) = — [(éx sind; + a, cosb;) x a, Ey 6_361(““16#“059”}

Ei(] efjﬁl (z sinf;+z cos 0;)

e—jﬁl (zsin@;+zcos 6;)

T
ﬁi(x, z) = (a, sinf; — a, cosb;)
T
H;(x,z) = (—a, cosb; + a, sin¥);) -
T
énr x
Reflected wave A
E,
H,
6, <£
,,,,,,,,,,,,,,,,,,,,,,,,,,,, O
QZ- //
g ﬁnz
]:fi Medium 1
H, (01 =0)
Incident wave 5 =0

0,: angle of reflection
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I
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E (z,2) =—a, E. e IPranR

a,, —a, sinf, —a, cosb,

a,  R= (a, sinf, —a, cosb,)-(a,x+a,y+a,z)

—

a,, - R = (zsinf, — zcosb,)

—

Er(.%, Z) _ _éy ET‘O e*j/ﬁl(xsm&fzcosq%)

At the boundary surface, z = 0, the tangential components of ﬁl is zero (Fy; = Foy =

— —

E(z,2) = Ei(z, 2) + E,(z, 2)

— —

Ei(z,2=0)=E;(z,2=0)+E.(2,2=0)=0

—

El(aj‘, z = O) = ﬁy E; e IPrzsindi _ éy E.o e—IBmsinbr _

Eyg e iPizsints — p - o=ibrasinb: valid for all =
For x = 0,
E’I‘O = Ez
=| 0.=06; (Snell’s law of reflection)

The angle of reflection is equal to the angle of incidence. So we have

Er(sz) — _éy EiO 6—]51($sin9i—zcosl9i)

1 ~
H,(z,2) = — |a, X E.(z,2)
Ui
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o 1 . .
H,(z,2) = — [(a, sinf, — a, cosb,) x (—)a, Ey e_]ﬁl(wsmei_zm@i)}

ﬁr(x, z) = (—a, sinf, — a, cosb,)
m

ﬁr(az, z) = (—a, cosb; — a, sinfh;) —
T

The total electric field

1(z,2) = El(a), z) + ET(I, z)

gsl}

ol

El(ZL‘,Z) — ﬁy Ez <e—j51zc059i o ejﬁlzcosei) e—jﬁlxsmei
emiPrzeosti _ pifrzeosti — _9sin (2 cos b;)

—

E\(7,2) = —a, j2 Ey sin(B12 cos 0;)e —JPrzsinf;
The total magnetic field

H,(z,z) = Hi(z, 2) + H,(z, 2)

ﬁl(a:, z) =(—a, cosb; +a, sinb;

Uil
A A~ . T R . ’
+ <—az cosf;, —a, 51n9i) e jB1(xsinh;—2zcos ;)
T
I:i ( )— —a 0. EiO ( —jB1zcosb; + jﬁlzcos&) —jB1xsinb;
1z, 2) = amcosz771 e e .
A . EiO s ) ) ' iy -
+a, siné; (6 jBizcost; ejﬁ1zcosez) p—iprasind;
z 1
m
e~ IB1zcosb; + piPrzcosti _ 2COS(512’COS 01)
6‘]51zc059¢ _ leBlZCOS@i _ _2] Sil’l(ﬁlz cos QZ)
& N 2E0 ) -
Hl(l‘, Z) = —a; = cos Qi cos(ﬁlz CoS 92-) e—Jﬁwsmel
m
- 2jEq -
—a, = sin 0; Sln(ﬂlz cos 9@) e—Jﬂwsm@
m
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—a, cosb,

Eio e—jﬁl(x sin 0; —z cos 0;)

E’io e—j/)ﬁ(r sin@; —z cos 6;)

1(1,’ Z) _ éy EiO 67],81(:(:sm9i+zc050i) . éy EiO e*jﬁl(a:sm@'fzcos&)

) Ei(] e—jﬁl (z sinf;+z cos 0;)
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4.2 Vertical Polarization (Dikey Kutuplanma)

Ay €T
Reflected wave N
\HT
E, )
0, .
——————————————————————————— ® - Z
GZ- >’

s

Medium 1 Medium 2

H; (o1 =0) (Perfect conductor oy = 00)

Incident wave
z=20

a,; —a, sinf; + a, cosb; (69)
a,, —a, sinf, —a, cosb, (70)
E;
Ei(x, z) = (a, cosf; — a, sinb;) Ey e~ IB1(@sin+z cos6;) (71)
I:i oA Eio —jB1(zsin;+z cos 0;)
i(z,2) =a, p e (72)
1
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E,.(z,z) = (—a, cosb, —a, sinb,) E g IPr(wsinbr—z cos )

ﬁr($ Z) _ ﬁy ETO e—jﬁl(a:sin&n—zcosﬁr)
)
T

At z = 0, the tangential component of the total electric field intensity must vanish.

Ei(x,z=0)4+ Ep(z,2=0)=0

Ey cosf; e #hesinti _ B cos 6, e IAresing —

=| Eo=E

0, = 6 (Snell’s law of reflection)

The total electric field intensity in medium 1

—

EI(I7Z) = Ez(xu Z) + ET(IL‘,Z)

Ei(z,z) =(a, cost; —a, sinb;) Ey e IPi1(zsindi+z cos6;)

— (4, cosb; +a, sinf;) Ly e I (wsindizzcosti)
E1($,Z> :ﬁaz cos 91 EiO (e—j,ﬁlzcosei . ej,éﬁzcos@i) e—],Blcr:smei
_éz sin@i EiO (e—jﬁlzCOSGi + ej,é’lzcos&) 6—jﬁlmsiHOi
emiPrzeosli _ pifrzeosti — _95gin (2 cos b;)
g Ifrzcosi | pifrzcosti 2 cos(f1z cos b;)
Ei(z,2) = —a, 2jF; cosb; sin(f;z cos ;) eIz sind;
B1x sin 0;

—a,2F; sin®; cos(Bzcosb;) e’

Total magnetic field in medium 1

H,(z, 2) = H;(z, 2) + H,(z, 2)

~

H,(z,z) = a,

efjﬁl(xsin9i+zc039i) +a EiO e—jﬁl(azsineifzcosei)
Y
Ui Ui
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3 . L —jB1zcosb; iBi1zcosb;\ ,—jB1zsinb;
H(z,2) = a, (e77Przeosti g gifrzcosti) gmifesings (87)
m
emiPrzeosti 4 pifrzeosli — 9 cos(3) 2 cos b;) (88)
B} 2F, S
H,(z,z2) = a, 0 cos(31z cos ;) e ~IPresinbi (89)
m
5. Normal Incidence at a Plane Dielectric Boundary
T
A
® -z
E,
Incident wave
Medium 1 Medium 2
(€1, 1) (€2, p12)
z=0
EZ(Z’) = éx EiO 67j/81z (90)
H;(z) = a, 0 g=itr (91)
m

When an electromagnetic wave is incident on the surface of a different dielectric medium, part

of the incident power is reflected and part is transmitted.
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E, E,

Ay é’Hr Htg > Ay

Transmitted wave
Reflected wave

® >z
E,
Incident wave
Medium 1 Medium 2
(€1, f11) (€2, pt2)
z=10

E,.(2) = a, E,o/"? (92)

— ]. — Er .

H,(z) = — (—4.) x E,(2) = —a, — /%2 (93)

T Ui

By(2) = a, By e~ (94)

- 1 = E -

H,(z) = —a. x Ey(2) = a, —= ¢ 9522 (95)

T2 Yp)

E,y : the magnitude of Et at z = 0.
Bs : phase constant of medium 2.
7 : intrinsic impedance of medium 2.

P2 = w /12 € (96)

=2 (97)

€2

E,y and E;y may be positive or negative, depending on €, pu1, €2, t2. Eyo and Eyy must be
determined.

The tangential components (the x— and y— components) of the electric and magnetic field

intensities must be continous at z = 0.

Ei(0) + E,(0) = E,(0)

= B+ Eyo = Ey
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H;(0) + H,.(0) = H,(0) (100)
E; E, E
N _ o _ Fi0 (101)
T m 2
Eig+ Eo = Ey
E; E.o  Eyw (102)
T T T2
E.o— Ew = —FEy
E.o  Eyw E; (103)
——— == (//m)
m 2 M
E.g— Eyw = —Fy
104
_TO_ﬂEtOZ_iO (104)
T2
T
M2
T
T2
2 2
Eio = TTm L = gz Fio (107)
2 72
2
Eyp = e Ei (108)
m + 2
E.o = Eyw— E; (109)
2
Eo=—" p._E (110)
™ + N2
2
E, = < B 1) Ey (111)
M+ 12
2m, —
Epy= =2 (it 1) E; (112)
m + 12
Dy — 1y —
m+ 1
Eo=2"NE, (114)
N2+ M
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E. —

[P0 " (dimensionless) (Reflection coefficient)
Ei  m+m
E 2

r=22= r2 (dimensionless) (Transmission coefficient)
Ei  me+m

14

(115)

(116)

The reflection coefficient I" can be positive or negative. The tranmission coefficient 7 is always

positive.
Eyo = By — E;
E?"O _ EtO -1
E; E;
I'=7-1
T=I+1

The total field in medium 1

— —

Ei(2) = Ei(2) + E,(2) = &, By (7997 + Te/?)

Erkan AFACAN, Gazi Universitesi, Mithendislik Fakiiltesi, Maltepe/Ankara

(117)

(118)

(119)

(120)

(121)



	1.Plus: 
	1.Reset: 
	1.Minus: 
	1.EndRight: 
	1.StepRight: 
	1.PlayPauseRight: 
	1.PlayRight: 
	1.PauseRight: 
	1.PlayPauseLeft: 
	1.PlayLeft: 
	1.PauseLeft: 
	1.StepLeft: 
	1.EndLeft: 
	anm1: 
	1.251: 
	1.250: 
	1.249: 
	1.248: 
	1.247: 
	1.246: 
	1.245: 
	1.244: 
	1.243: 
	1.242: 
	1.241: 
	1.240: 
	1.239: 
	1.238: 
	1.237: 
	1.236: 
	1.235: 
	1.234: 
	1.233: 
	1.232: 
	1.231: 
	1.230: 
	1.229: 
	1.228: 
	1.227: 
	1.226: 
	1.225: 
	1.224: 
	1.223: 
	1.222: 
	1.221: 
	1.220: 
	1.219: 
	1.218: 
	1.217: 
	1.216: 
	1.215: 
	1.214: 
	1.213: 
	1.212: 
	1.211: 
	1.210: 
	1.209: 
	1.208: 
	1.207: 
	1.206: 
	1.205: 
	1.204: 
	1.203: 
	1.202: 
	1.201: 
	1.200: 
	1.199: 
	1.198: 
	1.197: 
	1.196: 
	1.195: 
	1.194: 
	1.193: 
	1.192: 
	1.191: 
	1.190: 
	1.189: 
	1.188: 
	1.187: 
	1.186: 
	1.185: 
	1.184: 
	1.183: 
	1.182: 
	1.181: 
	1.180: 
	1.179: 
	1.178: 
	1.177: 
	1.176: 
	1.175: 
	1.174: 
	1.173: 
	1.172: 
	1.171: 
	1.170: 
	1.169: 
	1.168: 
	1.167: 
	1.166: 
	1.165: 
	1.164: 
	1.163: 
	1.162: 
	1.161: 
	1.160: 
	1.159: 
	1.158: 
	1.157: 
	1.156: 
	1.155: 
	1.154: 
	1.153: 
	1.152: 
	1.151: 
	1.150: 
	1.149: 
	1.148: 
	1.147: 
	1.146: 
	1.145: 
	1.144: 
	1.143: 
	1.142: 
	1.141: 
	1.140: 
	1.139: 
	1.138: 
	1.137: 
	1.136: 
	1.135: 
	1.134: 
	1.133: 
	1.132: 
	1.131: 
	1.130: 
	1.129: 
	1.128: 
	1.127: 
	1.126: 
	1.125: 
	1.124: 
	1.123: 
	1.122: 
	1.121: 
	1.120: 
	1.119: 
	1.118: 
	1.117: 
	1.116: 
	1.115: 
	1.114: 
	1.113: 
	1.112: 
	1.111: 
	1.110: 
	1.109: 
	1.108: 
	1.107: 
	1.106: 
	1.105: 
	1.104: 
	1.103: 
	1.102: 
	1.101: 
	1.100: 
	1.99: 
	1.98: 
	1.97: 
	1.96: 
	1.95: 
	1.94: 
	1.93: 
	1.92: 
	1.91: 
	1.90: 
	1.89: 
	1.88: 
	1.87: 
	1.86: 
	1.85: 
	1.84: 
	1.83: 
	1.82: 
	1.81: 
	1.80: 
	1.79: 
	1.78: 
	1.77: 
	1.76: 
	1.75: 
	1.74: 
	1.73: 
	1.72: 
	1.71: 
	1.70: 
	1.69: 
	1.68: 
	1.67: 
	1.66: 
	1.65: 
	1.64: 
	1.63: 
	1.62: 
	1.61: 
	1.60: 
	1.59: 
	1.58: 
	1.57: 
	1.56: 
	1.55: 
	1.54: 
	1.53: 
	1.52: 
	1.51: 
	1.50: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	0.Plus: 
	0.Reset: 
	0.Minus: 
	0.EndRight: 
	0.StepRight: 
	0.PlayPauseRight: 
	0.PlayRight: 
	0.PauseRight: 
	0.PlayPauseLeft: 
	0.PlayLeft: 
	0.PauseLeft: 
	0.StepLeft: 
	0.EndLeft: 
	anm0: 
	0.251: 
	0.250: 
	0.249: 
	0.248: 
	0.247: 
	0.246: 
	0.245: 
	0.244: 
	0.243: 
	0.242: 
	0.241: 
	0.240: 
	0.239: 
	0.238: 
	0.237: 
	0.236: 
	0.235: 
	0.234: 
	0.233: 
	0.232: 
	0.231: 
	0.230: 
	0.229: 
	0.228: 
	0.227: 
	0.226: 
	0.225: 
	0.224: 
	0.223: 
	0.222: 
	0.221: 
	0.220: 
	0.219: 
	0.218: 
	0.217: 
	0.216: 
	0.215: 
	0.214: 
	0.213: 
	0.212: 
	0.211: 
	0.210: 
	0.209: 
	0.208: 
	0.207: 
	0.206: 
	0.205: 
	0.204: 
	0.203: 
	0.202: 
	0.201: 
	0.200: 
	0.199: 
	0.198: 
	0.197: 
	0.196: 
	0.195: 
	0.194: 
	0.193: 
	0.192: 
	0.191: 
	0.190: 
	0.189: 
	0.188: 
	0.187: 
	0.186: 
	0.185: 
	0.184: 
	0.183: 
	0.182: 
	0.181: 
	0.180: 
	0.179: 
	0.178: 
	0.177: 
	0.176: 
	0.175: 
	0.174: 
	0.173: 
	0.172: 
	0.171: 
	0.170: 
	0.169: 
	0.168: 
	0.167: 
	0.166: 
	0.165: 
	0.164: 
	0.163: 
	0.162: 
	0.161: 
	0.160: 
	0.159: 
	0.158: 
	0.157: 
	0.156: 
	0.155: 
	0.154: 
	0.153: 
	0.152: 
	0.151: 
	0.150: 
	0.149: 
	0.148: 
	0.147: 
	0.146: 
	0.145: 
	0.144: 
	0.143: 
	0.142: 
	0.141: 
	0.140: 
	0.139: 
	0.138: 
	0.137: 
	0.136: 
	0.135: 
	0.134: 
	0.133: 
	0.132: 
	0.131: 
	0.130: 
	0.129: 
	0.128: 
	0.127: 
	0.126: 
	0.125: 
	0.124: 
	0.123: 
	0.122: 
	0.121: 
	0.120: 
	0.119: 
	0.118: 
	0.117: 
	0.116: 
	0.115: 
	0.114: 
	0.113: 
	0.112: 
	0.111: 
	0.110: 
	0.109: 
	0.108: 
	0.107: 
	0.106: 
	0.105: 
	0.104: 
	0.103: 
	0.102: 
	0.101: 
	0.100: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


