L0 [7-3.doc 09/04/13 26

3. OO0

gbooobdoboooboboobooooobooboboboobooboboobooboboboboobooobOoboOoDbo

DDDDDDDDDDDDDi:ja)DDI]EIDDI]I:IEIDDDDDDDDDDDDDDDDDDDDDDDD
dt

ao
i doooon
gooooooon

ViA+k*A=-T 000000000000 (Helmhortz eq.)
V=0 00000000 (Laplaceeq.)

Viy=—p 00000000 (Poisson eg.)

Vi +k’y =0 000000000
VXVxA=V(V-A)-(V-V)A 000000 (Laplacian)O O O

OoooooOo VA

[00] 0000000000

ogoogo

Pf L0

ot? ox?

000 f(xte)DOOODOODOOODODODOODOOOO f(xxer)DDOOODO (wave
functionNU D OO0 OxO0O0D 0000000000 O0OODOOOO0O0OO00O0O0O Fx
goddocgdoooooooodon

N0000000000%k=0000 f(x0000=10000 f(x+c)000 07 ()
oo FedxOOdodooooooooooooboooooooooooon
goododd«sQoododoooodoooouooooouooooooon
goodooooodood

do0oooboobobooobooboboooboobbOon (waveequation D O OO0
N

f(x) f(x—ct)

\\ ct




00 [0-3.doc  09/04/13 27

[DO]j0ob0bOo0oboobobooon

gobobbboooooobbbuooooobbooboooooobbogoo
gobobbbogoooobbbuooooobbboooooobbooooo
gobobbooooooobboood

[DOO00] [0O000]
E, . ‘
e(t)=E,co(ax+6) — E=-—2¢/°=Ee"
(t) = E, cos( ) 72 e
2
000 : Vze—,us%ezo & VE+K°E=0
Cooooo) Cooooo)

goooobod goooobod
\!

e(t) = Re[V2Ee™™] « E

gobobbbotgoooobbbuooooobobbboooooobbouoo
gobobboooooobobbboboooobbboooooobbbiogoo
gobgooooobbuotdgooobgooobbboobbboooongoo
gobobbboooobbtbooooboboooobbboooooongoo
goooo
gobooobbotoooobbbuobooobobbboooooobbouoo
gooobobbotgoooobbboooooobobbboooooobbouoo
000000000420 00000000000000000+200000000
gobobbbooooobboooobogoooobobboooobbogoo
gogoobobbbodooooobobobbbooo 2000bbobbooa




00 [7-3.doc  09/04/13 28

goadaao

flet—p-r) OODO

wt —B-r =const. goooobbbogoodgooil const.d ooy

ddbr=r0gdoobboobbobbbobbbbdooooobobobboann

0oo
20000 0r,00000000p-(r,-r,)=0
0000000000000 00O0O

goo

N goodg

gogn

at-p-r=const. U0 LO0OOO0OOO
%(ax—ﬁ-r)za}—ﬁ-v=0 qulalslulafslulsls
w—pvcosd=0 : fooorooooovoPooon
w) 1 1
v=|— =V,
(,b’jcosa cosd
0ooooobboooooooboobooo
OO000O0Ophasevelocity, DO OD0O0O0O0OO0O0OeOODOOOOOODOO
poOd(e=0)000O Vo
pOO0 D00 (@=90°)00 oo

gooboobobpbboodd %DDDDDDDDDDDDDDDDD




000 [7-3.doc  09/04/13 29

godaoooboobo
Maxwell DD O0O0O00OO0i=0, p=0000000000000EOOODOHDODOO

goooobooo

VxH = joeE VxVxH =k’H
VXE =—jouH VxVXE =k’E
k? = w’eu

00o0O0oooooo
VxVXE=V(V-E)-V’E = k’E
0000 p=000V-D=¢V-E=00000V-E=00000000
V?E+k’E=0
0000000000000000O0000000D000000 3000000000
O0000HOOODOOOOOOO VH+A’H=0

1) kO0ODOOOO0ODOO0OO000000000000000
ODADOkOOOO0OOO0O0OO0O0OO0OOO0O00O00O00000O0000 20000
E=Ae/*"
k-E=0 (k-A=0) (O00O00)
K| =k = /e
E Kk V=;=$§=c @o)
e = 107°
471 x 8.988
’ U =4rx107"
" H=1kxE
n
E-k=0
H H k=0 (000000000000 000000)
E-H=0

200000000 EH
0ooooooooooo

gboooooo

Power

ExH’ [Watt ]
2 412

O0000O0D0OO0O0O0O0 (Poynting Vector)
000000000 DbO0D000DO00bOO0D0o0obOoDOooOoOOobOoDOon
00000bO0bOO0DOO0oDOOoDOO0o0o0oobOOobOobOobOooOooag



[J[7[7[7-3.doc

09/04/13 30

000000000000D0000000D000000
E=)E =) Ae™"
|ki|:k
A,k =0

k., OO:0000000

Al00000b0odbbr=0000000:00000000D0

k,=k(OOOk,O000Kk)DOOODOOO0O0O0O0(@R30)
k200 (kx,0000)0000000000000000000(3.20)

Qoo oooooboboAbDgObDODOODnO

A, pubdodoobboboodd
E=Ae™

AUl U000 bobooooooobobobooon
A=XA, + YA, +2A4,

B=xB.+yB,+28.

r=X+jy+2z (OODDOOD)

E=Ee"/™ = Ae et/
=Ae/ ) = fax—p-r) O0ODO
00
E =Ae e - 4 sin(wt—p-r)
o —jBr +jor i —B.
E,=Ad.e"e’™ — 4 sin(ar—p-r)

E =Ae e - 4 sin(wt—p-r)

Helmholtz 0 0O O 000000000
V’E+k’E=0—-V’E+k’E=0
v
V’E +k’E_=0
VE, +k’E, =0
V?E.+k’E.=0



00 [7-3.doc 09/04/13 31

aZ aZ —j\Bx+B y+B.z
9° )
ayz Ex = _ﬂyEx
2
2
?Ex =-pE,

(g2 +B; +B2)E, +k*E, =0
B|=k (ODDDE=00000000D0)

OO00obOoboOo0OMaxwel OO0O0OO0OODOOODOOOOOOODODODO
goooooo

00000000000000000000000000
V-E=0
V-E=—jB.E ~jBE, - JB.E.
=-/B-E=0
000000pOOOO00EODOOOODOOOOOOOO
2000000
B|=k oDooo
B-A=0 0000



00 [7-3.doc 09/04/13 32

DDDDDDDDBDk=kﬁDDDDD

gogoobobbodd

VXE =—jouH
H:fleE
—jau
1 a ki a ik —k a ke ke ki
- . eJ r__ - ;/kr Jkr 7 j r skr Y J r
—ja)/J;{ayAz 5 ] FR 4
205 3
notes; dldx dldy dloz
E. E, E
aa_xejkr :_jkxefjk-r
=—L [tk - Ak )+ Ak, - Ak)+ 24k, - Ak xe
jou
KX kg L
U wu u E
\/: kOO0 =ExH N
. . EOD OO =Hxk H
H=kxp LK HO OO =k N~
n HLE =kxE
- |A| ,U
ELkODO |H|——|E| n=,/~ 00O 0000000000
= 47/8.988x10? = 1207 = 377 [Q]
~ 1o 0
47 % 8.988

1 =4rx107"



[J[7[7[7-3.doc

gogaooobooboooon

pOOC0ODO

gogn

0 O O O (phase velocity)

0 O (wave length)

O0002z0000

%DDDDDDDmFﬂﬂﬂDDDDD

w 1
Vg:;:E:CE?D(lOEs[%]
o 1 1 c
" kcos® Jeu cos® cosé

<

(wt —kr)—{awt —k(r + Ar)} =27

kAr =2r
A=A F_ 2 _c
CNET
gooooo
k=2
A

09/04/13 33

00000000 A01mO00O0Ooo0oooooon

00000002 000000000 k000 (wave
number)D 00000000 BOkKkOODOOOOODOODO

goo




00T [7-3.doc  09/04/13 34

jbbbbbuudduuuuoooooon

V’E+k’E=0 «
b0 O alll
goooobod

oo 30guoooooooooon
dodoooood xyuoooogu
obobdbool1lgobdxuobooo)yooo 1
9 _o 90 E=£=0 S z
ox dy Y
2
——E +k’E =0
oz y
E. =ae"" +be™*
E eja)t — ae+jkz+_/a)t +be—jkz+_/a)t

oslo) ool ¢b0 20000000000

— ae+ja)(t+f) + beﬂ‘a)(t—f)

c= % =/9x10"° = 3x10° = 300 km/sec=29.980 km/sec
eu

gobobbboooooooobbogooooon

H:_iVxE:_ 1 aEz_aEy,aEx_aEz’aEy_aEx
jou jaou\ oy 09z 9z 0dx dx dy

—o L 5% L (ke — jhbe ) X
jou o oz jou

= |E5(Z gt 1+ pei
\/;y( 4" 4 be )

H= % )7(— ae" i) 4 beﬂw(t_f))

U:\/§E\/9x47zx109><47[><10‘7 =+/3% .42 . 72 .10? HVU

=1207[Q]

y

UzoddbzoooobooooooobboododteUpobboggao
goooobod



00 [7-3.doc  09/04/13 35

32 000 ¢tandingwave) U 0D DU0O0DO0O0ODOO0OOOOODOOODOOODODDOO

000000
00000000000000000 >Z5é

/// /\\

E_=ae"™ +be/ (qpOOO0DO) >N

IM[E e’”]=asin(axt + kz)+bsin(axt — kz)
= aSINwt COSkz + aCOSwx Sinkz
+bSinawr coSkz —bcoswt Sinkz
=(a+b)coskzsinax +(a—b)sinkz cosar

tzO0OOOOODODOOOODO

A B > @
=+ A%+ B*{cosysinax +Siny cosax }
=vA?+B?sin(y + )

. B A
SNYy =————, COSY =———
l l ( v N A? + B? v \/A2+sz
ooooooog O
= f(z)sin(y + ar)

f(z)=\(a+bfcos’kz+(a—b)*sinkz :00000000000O0O00
=+a? +b? + 2abcos’ kz — 2absin® kz
= \Ja® +b? + 2ab cos(2kz)

f(2) 3
atb < 2

=

la-b|




L0 [7-3.doc  09/04/13 36

gooood
E = ae+jw(t+%) +b€_jw(t_f)
H, = 1[_ae+fw(f+f) 4 be—jw(r—f)]
n
= 1[—atsin(a)t+kz)+bsin(a)z_kz)]
n

= 1[(—a +b)coskzsinax + (- a— b)sinkz cosar |
77 —_— -

C D
1\/ﬁ . . C D
==\JC*+D*sin(y + ax) [smz//=—,cosw:—j
n NC?+D? \NC? +D?
nf,(2)=(a-b)*cos? kz + (a+b)*sin? kz
=~a® +b® - 2abcos’ kz + 2absin® kz
= \Ja® +b? — 2ab cos(2kz)
n fu(2)
2r
atb A /1=7
2
ja-b] § | E
----------- i S S S
oooooood
an(z)z\/az+b2+2abCOS(2kZ+7Z')
=\/a2+b2+2abcos{2k(z+2—72)} L 00o00o0o0ooon

e IRV
—\/a +b +2abcos{2k(z+z)}_f( +4)



00 0-3.doc  09/04/13 37

U 0O 0 0 O Voltage Standing Wave Ratioll] VSWRLI
£2(2)=a?+b? + 2ab|cos? kz —sin? kz]
=a’® +b” + 2ab cos(2kz)

-00obooobood: 2k=2nr, zz%z goooo

E, = f(z)sinfer—7(z)]

J

guodooobbooggooon

4
2

0000 (VSWR)
ab00000000

% 0000000 (Voltage Standing Wave Ratio: VSWR)O [0 0O O
a_

Jal +)
Jel P

OO0 g0 00000



[J[7[7[7-3.doc

VSWR#£ 10 000 0O 0O O (standing wave)
VSWR=10 00O 0O 0O O O (traveling wave)

ooodnOo a=0b6#0 VSWR=1.0
E_=bcosax - kz)
f(2) a) 1
V=—=—
b ko Jeu

/x 7 o
k
) 21

k==- (O0)

1
c:ﬁxf:/ixg(a))
L kza)\/a
Jeu
l

1 _ = 2 :E
Veuf = ofeu  k

gooon ab00 OO0OO0OOOa=b VSWR=c0

1%(2) = 2a*(1+ cos2kz)
=a’4cos’ kz f(2)
f(z)=2acoskz °a

09/04/13 38

/\I/I\

c.f.; http://www-antenna.ee.titech.ac.jp/~hira/hobby/edu/em/standing/index-j.html



00 [-3.doc 09/04/13 39

kkhkkhkkkkhkkkhkkkhkkkhkkkikkx EI EI kkhkkhkkkkhkkkhkkkhkkkhkkkhkkkkk*kx

0 00 6 00000000 U0UUUUUUUUUUUULUUU-UUOO
Jo00do0doodooooboobogbd ordgobgno
|k1|:|k2|:k
00

|E1| = |E2| =E, y"i

Kk1+ko Kk1-Kp k1K)
— Ky —ik,- —j——=r —j——=T +j—5=T
E=E0(e“r+e’2r):Eoe 2 (e 2 te’ 2 )

— 2B, 7 co{—kl ;kz -r)

\2 \2
k k,

a

E = Re[Ee™™] = 2E, cos(ax —%-r) co{kl;zkz.r): 2E, cosax —k, -r)cosk, -r)

ud

Q o
2 kb ’,/"’
K
i ’ kb|=ksing ||DDDDDD ||
21 ~ax 1
0 0
k cos— COSE
o0ooo < S
0
/1 A 1
e
ksin— Sn—
0 <
[ SRR NP WP NI
0
[ PR I N NI
O
ooood:
- w o  c
Oo0Oooooon k 0
el kCcOS— COS—




i \\\\\
\\\\“

\«

:\\\\ \\\\\\\' \ V \\\\
1L ‘ '/ \
\\\\\ \\\ ~\\\l\\\‘\“ ‘,‘\\3\‘\“\“

A ,‘ \\\ ’ \\
\\\\‘\u \\\\\\\ \\‘\“\\\\\\\%\\\‘\ 8\ \\
(\ \\\ ~\\\\\\\\\‘ \\\\\‘\&\\\\\L\\\\\ \

s
'@\““\\ g
:;‘

ga/

it
!
ki \ WA

i

\\
\

ﬂ_
’-

\\\\\\\\ Ak
¥ l/l".k\\\\\ “/‘/I:N\\\\ \\\\\\\\ \\\\\\ \\\\\ \\\\ I'A \‘\ \'
W A \‘" \\ ' ‘ \\\\\ 1l'~‘\\¢\\\ i ,g{/f

\\

%E&

—
':—?;

f=;

\\\\\m\‘\\\\\\\ "‘\
e i
Il .\\ \\\\ ’
\\\ \\\‘mt\t\\\\\“\\\mﬂ\\

—

./—-‘

'q,',lm\

i

3oooo

0 000
xdoood: 27”—>

O © 0900
xgdood: Z\/k_ﬁ

O 6 01800
xOdOOO: o

00T [7-3.doc  09/04/13 40

Mathematica OO0 D0 00000000 0OO0OOO0O0O0OO(@=30°00)0

guoooon

c.f.; http://www-antenna.ee.titech.ac.j p/~hira/hobby/edu/em/standi ng/twodim/index-j .html

kkhkkhkkkhkkkhhkhkkhhkhkkhhkkhhkkhkhkkhkhkkhkhkkhkhhkhkkhhkkhhkkhkhkkhkkkikkk*k*x



L0 [07-3.doc  09/04/13 41

3.3 00
k(z) DOOoDO 20000000000
El:Ale_]k‘r El
k| =k =weu
1~
H, =~ kxE, 1
2:Aze_jk'r
1~ E2
H, =—kxE,
n
H2

gogooboobobood

A, =ax, A,=bjy (a,be0OR)

O00De()D00D00OO0O 000000000000 0OOODOOOOOODOO
e=Re[(E, +E,)e’”] = ReE,e’”] + Re[E ,e/”]

=acos(ax —k -r)x—bsin(ax -k -r)y

=acos(ax —k -r)x+bcos(ax —k -r+90°)y

O0o0o0oooooooooo0ooo0ooo0oooooooOoooOoooooooog
Oo0oooooono
x =acos(wt —K-r) y=-bsin(ewt-k-r) 00000 BT BN

2 )/)2 _ ",/ . ﬁ“
@Q+(b . 000000 : /i/zf B X
tang = % = —(% )tan(wt -k-r) Q/

b
gogbobobobbodoooobbbobbooooooon \‘\__V_,/’
y

a0 60000 max(a/blbla)2100000000

0000000000000 0O0L0ODOODOODOODOODOOO0OO0+z00)H)DO0O
ggodggoobobbboobbbbbboduddddebigggnon

000000000000000
OO0le=p0 0000000000000 0«/p0 0000000000000 x=0

b y=00000D000OO0O000000O0DOO0O0OOe,p000O0DODOOXxDO
dydoobooggoee bbb boobbboooooo



L0 [7-3.doc  09/04/13 42

a b
absta)=1, argla)=0" abslbo=1, argllki=—-90°

c.f.; http://www-antenna.ee.titech.ac.j p/~hira/hobby/edu/em/pol ari zati on/index-j.html

gogoobbobbbodooooobbobobboodoobobbboooouoooboobooon
gdddddodddooouoouooooboobbobdddddoooooL
ggoobbobobtodgboodooboooooobbooobbooboboooboon

gdoooobooboboououoePsUOoooood
N1/ts

s

- .
Bt

_
%\\i ajslslsisi=isisfs]s
//\E‘\_‘J

ERERN




