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1.
2. Zenneck
3.
4.
5.
6.
7.
8. Fading
Diversity
1
11
z E, H =z
X y
Ex = k"2.A .e”( (wt-k2))
Hy = we k.A. e"(j (wt—-kz)
A
k (conductivity)o
Maxwell
XH=J+jwE=(0 fjwe )E=jwe " E
€’=¢ —-jo/w
k
k=wV (ue”’) =B -ja
B = ko.V{1/2V (1+(c /we )Y2) + 1}
a = ko.V{1/72V (1+(c /we )2) - 1}
ko = wV (e )
Ex = k"2.A eNj (wt-B 2)) eM-a .2)
o] (attenuation constant)
B (Phase constant) B ko
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Vp= w/B
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z
Z=~V (/e )=V u/le)/V(l-jo/we) (1-10)
12
1(e 1, ul 2(€ 2, U2
zX
121 ( )
y
Er
v el pl
€2, M2
(0] Et
(Incident field)
Exi = Ei.cos(i) ./ -j.k1.( x..sin(i) — y .cos(i) ) } (1-2-1a)
Eyi = Ei.sin(i) ./ - j.kL.( x..sin(i) — y .cos(i) ) } (1-2-1b)
Hzi = Hi . eN - jk1.( x.sin(i) — y .cos(i) ) } (1-2-1c)
(Reflected field)
Exr = -Er.cos(y ) e -j.kL.(x.sin(p ) +y .cos(W))} (1-2-2a)
Eyr = Ersin(y ) . e -j.k1l.(x.sin(P ) +y .cos(P))} (1-2-2h)
Hzr = Hr . eN -jkl.(x.sin(Pp ) +y.cos(y))} (1-2-2¢)
(Transmission field)
Ext = Et.cos(¢ ) .e -j.k2. .(x.sin(p ) —y .cos(@ ) )} (1-2-3a)
Eyt = Etsin(p ) . eN -j.k2. .(x.sin(p ) —y .cos(¢ ) )} (1-2-3b)

Hzt = Ht . eN -jk2. .(x.sin(p ) —y .cos(p))} (1-2-3c)
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( Boundary condition)

Exi + Exr = Ext
12

Hzi + Hzr — Hzt = 0
y=0 1-2-1a, 1-2-2a, 1-2-3a 1-2-4
1-2-1c, 1-2-2c, 1-2-3c 1-2-5

i=y
(Snell”s law)
ki.sin(i) = k2.sin(¢p )

( Ei - Er) .cos (i) = Et .cos(¢ )

Hi + Hr = Ht
1-2-7,8
(Reflection coefficient)
R1=Er/Ei

= [u 1.n"2.cos(i) —u 2.V (n"2-sin"2(i) )]
/ [ 1L.n"2.cos(i) +u 2.V (n*2-sin”2(i) )]
(transmission coefficient)
T1 = Et/Ei
= 2.y 2.n .cos(i) / [u L.n"2.cos(i) +p 2.V ( n"2-sin2(i) )]
(relative transmission ratio)
n=k2/kl=v @2/ul)J[{2-jc2/w)}/fe 1-j(o1l/w)}]

Brewster
n Ml=p2 , R1=0
tan(i) = n
0

122 ( )

Ezi = Ei. eN-j.k1.( x.sin(i) — y.cos(i) ) }
Hxi = Hi .(-cos(i) ) . eM-j.k1.( x.sin(i) — y.cos(i) ) }
Hyi = Hi .(-sin(i) ) . eM{-j.kL1.( x.sin(i) — y.cos(i) ) }

Ezr = Er. eN-jk1l.(x.sin(y ) +y.cos(y ) )}
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(1-2-4)

(1-2-5)

(1-2-10)

(1-2-11)

(1-2-12)

(1-2-13)

(1-2-20a)
(1-2-20b)
(1-2-20c)

(1-2-21a)
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Hxr = Hr .cos(y ).  eM-j.kL(xsin( )+ y.cos(y))} (1-2-21b)
Hyr = Hr (-sin(y ) ) . eN-jk1.( xsin( ) +y.cos(y) ) } (1-2-21¢)
Ezt = Et. eN-j.k2.(x.sin(p ) —y.cos(@ )) } (1-2-22a)
Hxt = Ht .(-cos(@ ) ) . eM-j.k2.( x.sin(p ) — y.cos(e ) ) } (1-2-22b)
Hyt = Ht .(-sin(p ) ) . eM{-j.k2.( x.sin(@ ) — y.cos(® ) ) } (1-2-22c)

Hr € 1, ¥ 1
€2, M2
(y=0)

Ezi+Ezr=Ezt (y=0) (1-2-23)
M 1.(Hyi+Hyr)=p 2 Hyt (1-2-24)

i=y (1-2-25)

k1.sin(i) = k2 .sin(® ) (1-2-26)
R2 =Er / Ei

= [u 2.cos(i) 4 1.V (n"2-sin"2(i) )]
/ [u 2.cos(i) +u 1.V ( n"2-sin"2(i) )] (1-2-27)
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(transmission coefficient)

T2 = Et/Ei
= vV (u2ul) .V (e /e 2) .sin(2i)
/ [y 2.cos(i) +u 1.V ( n"2-sin"2(i) )] (1-2-28)
123
n n<l
sin(i) >n (1-2-30)
Ri =1 (1=1,2) (1-2-31)
k1.sin(i) = k2 .sin(®)
sin(@) =kl 7/ k2 .sin(i)=sin(i)/n>1 (1-2-32)
cos(®) =jv (sin2(d)-1)=ja (a>0) (1-2-33)
e -jk2. .(x.sin(p ) -y .cos(¢ ) ) }
eN -jk2. .(x.sin(p ) —y .cos(p ) )} = eM-ay) . eN-j.kLsin(i).x } (1-2-34)
y X 1
2. Zenneck
n tan(i) = n R1=0

Exi = Ext , Hzi = Hzt
Exi = Ext,aty = 0;

Ei.cos(i) .eN -j.k1xsin(i) } = Et.cos(g ) e -jk2.. x.sin(p )} (2-1)
Hzi=Hztaty=0;
Hi. e - jklxsin(i) }=Ht.eN -jk2. x.sin(p )} (2-2)
K1 .sin(i) = k2. x.sin(¢ ) (2-3)
Ei.cos(i) = Et.cos(¢ ) (2-4)
Hi = Ht (2-5)
2-345
Sin(i)=n.v {(1-Z[12]"2) / (n"2 - Z[12]"2) } (2-6a)

Cos (i) = Z[12] . V {("2-1) / (n"2 - Z[12]"2 ) } (2-6b)
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Sin(ep ) = v { (1-Z[12]"2) / (n"2 - Z[12]"2) } (2-6¢)

Cos(@ ) =V { (""2-1) / (n"2 - Z[12]"2) } (2-6d)

Z[12]1=22/ 71 (2-7)
)

M1l=wpo €l=¢0, o =0, kl=ko0 (2-8)

p2=po €2=x.e0 c?2 k2 (2-9)

K1 .sin(i) = k2. xsin(@ ) =k0.V { (k-jo /(e € 0)) 7 (1+x-jo /(w £ 0))}

=B -ja (2-10)
kl.cos(i) = k0. /V { 1+k-jo /(w . 0)} = g-jp (2-11)
k2.cos(p ) = k0. { x-jo /(w .€ 0)}//V {1+k-jo /(w.€ 0)}=v —u (2-12)
Exi = Ei/k0 (q -ip) ceM-ax+py) eN-j(B x-qy) (2-131)
Eyi = Ei/k0 (B —ja) ceM-a x+py) eN-j(B x-qy) (2-13b)
Hzi = Hi. eM-a x+py) eMH.(B x-qy) (2-13c)
(Transmission field)
Ext = Ei/kO (9 —jp) cenM-a x +uy)  .eM-(B x—vy) ) (2-14a)
Eyt = Ei/k2 (q -ip) ceM-a xtuy) eM-i(B x-vy)}  (2-14b)
Hzt = Hi cenM-a x +uy)  .eM-(B x—vy) } (2-14c)
a,p qwvu >0 (2-15a)
P <0 (2-15b)
1 y=0
@) B a) Bv)
@)
Exi / Byi = 1/V {k-jo /(w € 0)} (2-16)
Ext/ Eyt= vV {x-jo /(w.€ 0)} (2-17)
3.
(diffraction) Huygens

Huygens Fresnel zone



2] 2007/08/22 Osl

T R TR T diR

T
TR (d=d1+d2) R S TR
0]
S P OP=r1 TP+PR=TR+A /2 A
V (d1M2+r1M2) + vV (d272 +r172)=d1+d2+ A /2 (3-1)
d1,d2 >>A (3-2)
rl=+v (A .did2/d) (d=d1+d2) (3-3)
TR mA /2 rim]
r(m] = v (mA .d1d2/d) (m=123,,) (3-4)
S rfm] r[m - 1] m Fresnel zone
Fresnel S[m]
S[m] = 1 .(r[m]*2 — r[m-1]"2) = A d1d2/d (3-5)
TR
TR R Po So
So = S[l] - S[Z] + 5[3] _S[4] o (3—6)

So = S[1] /2 + (S[1]/2 -S[2] +S[3]/2) + (S[3]/2 -S[4] + S[5]/2) +,,
= S[1]/2 (3-7)
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S[1] = 2So,

Clearance
u=hc/rl
u>0 TR u=20
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(3-8)

u<o

p ip =Tt /2

T
B
Eo Er
Z=Er/Eo (3-9)
Ld=-20Log Z (3-10)
= o Z=10 Ld =0 (dB)
u=+v (3)( 3 ) Z=11 Ld =- 0.8 (dB)
u=+v (2)( 2 ) Z=089 Ld = 1.05 (dB)
u=1( 1 ) Z=115 Ld =-1.2 (dB)
u=0( ) Z=05 Ld =6 (dB)
u<o
Z(®1/ 2mu (3-11a)
Ld =20Log u + 16 (dB) (3-11b)
4
n0. sin (i0) = nl.sin (i1) =,, = np. sin(ip) 4-1)
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n0. r0 .sin (i0) = n1. rl .sin (i1) =,,,, (4-2)
rs s
ip=T1/2
np
°
il nl
. n0
i0
hl
h2
n0
h2
nl
R T Q
d >> hl, h2 ri,r2
rl =d + (hl- h2)"2 /2d (5-1)
r2 =d + (h1+ h2)"2 /2d (5-2)
[
cos() () (h1+h2)/d (5-3)
n=k2/k0 =V (x-jo /(w.€ 0)) (5-4)
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R1= [u 1.n*2.cos(i) —u 2.V ( n"2-sin"2(i) )]
/ [ 1L.n"2.cos(i) +u 2.V (n*2-sin”2(i) )]

R2 = [ 2.cos(i) -4 1.V (n"2-sin"2(i) )]
/ [p 2.cos(i) +u 1.V ( n"2-sin”2(i) )]

R1=-1+2 (k-jo /(w.£ 0))/ V {x-1-jo /(w.€ 0)}.(h1+h2)/d
R2 = -1+ 2/ V {x-1-jo /(& 0)}.(h1+h2)/d

R
Er=Eo{1+Rp.e"jko.(r2-rl)}
=Eo{1+Rp.eN-j2ko.hlh2 /d)}
Eo

(h1+h2)/d << 1 -1

Er=Eo {1 - eM-j.2ko.h1.h2 7d) }

A >> h1.h2/d
Er=Eo .(j4m /A ) .(h1h2 /d)

h1,

R >>hl
dl= v (2R.h1)
h2
d2 = v (2R.h2)

d=dl+d2= v (2Rh1) + v (2Rh2)

Er=Eo {1 - eN-j.2ko.h1”.h2” /d) }
h1> h2’
hi”(=) hi — d1°2/(2R) (i=12)
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(5-5)

(5-6)

(5-7)
(5-8)

(5-9)

(5-10)

(5-11)

(6-1)
(6-2)

(6-3)

(6-4)

(6-5)

10
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4
K
K=4/3 (6-6)
d=+v 2KR).(V (h1)+ v (h2) ) (K=4/3) (6-7)
X (ionosphere)
(ionization)
(recombination)
110km E 200-300km F
E.eM(jw .t)
e m
dv/dt =e/m . E.eM(jw .t) (7-1)
v
v(t)=e/(m jw) . EeMjw .t) + v(to) (7-2)
v(to) t=to
N J
J(t) =>ev
=y {er2/(m jw).EeMNjw .t)}+ > e v(to) (7-3)
J(t) =N. e"2/(m jw) . EeMjw 1) } (7-4)
(o]
o = N.er2/(m.jw) (7-5)

11
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k=wvV (ue)V(ljo/we))
=ko Vv (1-N.e"2/(m.w"2e))

n=k/ko=+v (1- N.e"2/(m.w"2¢ ))
N

k=ko vV (1- N. e"2/(m .w "2 ))
fc=+v (er2/(m.e ))V (N)

(3) 9.0V (N)
f
fc
f<fc k=0 h
f>fc
4
sin (i0) = n

sin (i0) =n= v (1- (fc/f) "2)

f = fc /cos(i0) = fc .sec(i0)

MUF
i0

MUF (maximum Usable Frequency)

MUF = fc /cos(i0) = fc .sec(i0)

i0
d = 2h”.tan (i0)

fc
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(7-6)

(7-7)

(7-8)
(7-9)
ko

(7-10)
(7-11)

(7-12)

(7-13)

(7-14)

12
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8 Fading

Fading
(Frequency selective) fading
(synchronous) fading

(interference) fading
Fading
Fading
(Polarization) fading

(absorption fading)
fading
(skip) fading

Fading
Fading

13
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Diversity
Diversity
LAN Coded OFDM
Fading
Diversity
1-1
1-2 R1,R2, T1,T2
1-3 =0 R1+T1=1
1-4 Brewster tan(i) = n (0} tan(p ) =1/n
1-5 Brewster
2-1 n tan(i)=n R1=0
2-2  2-15apb
2-3 a
2-4 Zenneck
: K = 4, o =10"-4
k=10, o =10"-3
k=80, o=1
: 1IMHz, 100kHz, 10KHz
3 u<o Z(=1/ 2mu
4 4-2
5 5-3
6 h1, h2 R

[1]
[2]
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