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IR PR TR T MR

31 SRR R SR R
[RREEENEH, BEHENGTE Mo, =0, EEEREE, &=

£ ﬁjf = ok FHEEAR, g, B oHBEEE#MEhomogeneous), &M
B fE(isotropic) B igtElinea) 8. FEEE2H » RiFL
£ EAitfEEe T, BT SR ERESEEESR T FE

FoeB=0 & (T F=0) (3-1)
§.5=0 (3-2)
TxE=—job=—joull (3-3)
ﬁx§:}+3m§:cr§+jm€§ (32-4
ARl b e B T 5 B 2 S R e BT B S 2 AR TEEE &
V.(e,B)= 08 (V. =0) (3-5)
F.5=0 (3-6)
FxE=—jou,H (3-7)
TxH= joc,B (3-8)
i e R AL T E
ﬁ’xﬁ = J§+jm€§ =jm(€—j§}§ =J'm§j (3-87)

B S A E ARl K 2 - E—J% B AW R,
{complex permittivity)

(el FIEE A RHMIER, FENEEREANERTR GETM
HEZEfFL T S BBk T Sl T BRI ERHRE SR

M, —

£, %»é}:e—j%:s'—js" (3-9)
FEEEEERRAEZITESEIRER, Huy, s u, Be =4, LR
BN ERETE AR R

EERE EREE AR HBBHHS
B (z)= B} (2)+ £ (z)
= E:E_jﬁ"x + EA‘;E J:ﬁ“x
= B R ks e
RlFEEA RS/ T oh 7 AER
B (2= El(z)+ 5 (2)
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@ G)@@ B B URRE
- ";e'j“J“(E'_‘UJE)Z +E;e‘m\(’“(£'_j%)z (3-10)

4 y:m‘/#(g_j%), (rad/m) (3-11)

v T E{EE% & By (propagation constant), HHEpE AHEI
y=a+jp
8 FAAG- 1D AT RS

b | —

:a’\é‘g_ 1+(i8)2—1_ (NP/m) (3-12)
ot he Tyt ) G

7 ﬁﬁﬁﬁﬁﬁ(aﬁenuaﬁt_m constant), bfﬁﬁ*ﬁﬁ'&(pha se constant).
Eﬁ%ﬁ\% Eﬁﬁfﬂnﬁﬁfﬁ,@ﬁﬂﬁﬁ ¥.a R BRTATE
E(2)=E (@)+E (2)
= E’,\';e'?z +E’,\'o"e§'z
= (Ere! e e % L (B e/ e™e ' (3-14)
E.(z.£)=Re [E (z)ef”f}
=Re [E:ej¢+ e Pe 1M L Frel? e el o™ J
=E e ™ cos(awt— Pz+¢")
+E e cos(@t+ bz +¢7) (3-15)

e B o™ IR ETERIFE T (attenuation factor).
,, BT

| | +111
= H L
e (2.8 1 (z}
= e™ cos (n z i
— t 2 | L
T 3= - ..."- 1
i 1 s
S |
|
1
! =
!
=




- I RLUASIER \
VOO B RIR RS

2 T BB RGN /T I i, B A R %zz%#
Fr—E E R RS R TaETE HOT RGOS
thSBTHERS, IS B, A8 3-1 Fn. I3MEl3mﬁ%ﬁWJ
IF z T z AT s 2 1.

ARG E A N TR, A S S S R
o, IRETET T TR, TR a R A 5 i E AR
Hio=08, Hla=0, f=oJus, RIS RGHEREEEEE S8
PR,

7T [T R R A M P TR R AT L, ﬁﬁ”ﬁﬁﬁi ZiEk 1 K%

1

9ﬁﬁ.ma=mﬁELﬁH )—{rﬁﬁw%a@ﬁ,waﬁ@ﬁﬁﬁ

2
PR TR TR, ARG TR SR
TEEERIA T e G, SR THE— 18R el = = o I, HYRIETEHR,
Flz=0pi e 5K, BIE" =E e I, HAFRRIIRHE O 1R 2R ERE (depth
of penetration)=l 7 EZEE (skin depth). §re “ =¢', 15

S== (m) (3-16)

1
o

EER AR, HE! (2.0 MELNERER, (.05

Fz.O=cE(z. ) =0k e “cos(wt— fz+¢'), (A/m) (3-17)

(at ¢t = Q)

b / &
1- AT A

3-2
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G- INEE, JEEAEER EEEETER, iﬁ”’ a1,

?&Eb’?eﬁﬁéﬁl. S EREEEER, Ho ook, e oo, T

EEE =0, EREAT. ERMERETEZEERREY, RYTeEE
e, BEEREEMEETTE BRERE (2.0 &I (z.) “HEER
FERE 3-2
QDK TxE=—jou, B 15
i - 1 8&.(z
& Hy(z)=—E%
1 BEeT BT
jca,a 5o

—(E* B iy
Jau

=£‘jm £k (Bre - B e

ja

E. o~ = £ s oo
= LB e - LT
P ‘J,u

T
£— j_ £— j—
E"'EJ‘?‘ -¥ v

Il
ol il —

2 ":1

[

3

&
(&

M

O

=H(2)+ H, () (3-183)
Eaas

;":(Zj e T JE =4, (3-19)
5 Z) L (z) VE_J'_ £
ot
# BEIRE EEIN T RYEE EHT (intrinsic wave impedance).

e E R R E BRI A, BT SR TR
H (=8 @+ 8 ()
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B B
A A,
i
= e M (4fm)
", 7

B4 = (—E— PR AL TR

T

g (3-20)

(£2) (3-21)

g, = LeginTy (3-22)
2 aE

HBo=0K 4= E =7, BEE T EEIERER

ERR T E R P EEEEEETRE AR AL T B,
ﬁy =4 :EA—:E';x - 52;"

P P
Fog e

g0

s
~&E —jEE e PEET
a7t Ak
e " nE

2 E—"e'“”e_jmx_ﬁ'm —E—EJ'“KEJWHN_I;“ (Afm) (3-23)
7 e

H,(z,0)=Re| A,(2)e™ ]

= & e cos(@t— Bz +g" - 8)
7

3

—i—"e“” cos{@+ Gz +¢ —8)) (Alm) (2-24)
AL EAEREA, U R P TR R, RANSR (o) A

Eiz, 5 E,}ﬁ.
FERTETEENTEREE. HiER, EEEEESRE:
2T
A=— {1}

VP—

{mi's)

mla ™



()| FLUAB R
QIOIEI0] [t

HE BT 2 T SR A R, HFEYS
E(z,t)=E e “cos(wt— Pz+¢")

+

J5&i5Rni H(z,t)= E—"e_‘“ cos(at — fz+¢" -06))
776
o PRELHR A e R AORE 3-3 For

cos (wt = 52-47)

3-3

18] 3-1] TEEHRIRERL 0006/ (Vim)y, SEERE £ = 10° ()14 & 7 By
SIS =, £=45,, &i = | PR BV AT 2 AT THE.
(a) SRILHAHEE A, SO R o RS IR . (b) SR E(z.0)
B H(2,0) (0) SREBIENE, Wk AR, St 0 1 bt

TEIFEE BB (RIS 1. o )T (BB 1.8 T o = 0 )& ELLEE 1%
BEERH, SE

(4] () SERGER

onfus Fog
“==5 NH(@S) 1}

_ @ \7224(9 [m_qg

1
:%@(0.414)2 =1.90 (Np/m)
C

GEGE



I EPUJ?‘C%%EE%I
@ (D@@ [E RIFUR R E
ﬁ=%i‘5[,ll+ci)2 +1}E

(2414)2 =458 (radim)

J_c

EEESH f=a+,;8=19+ ;458 m™)

EAIEREL

!,H 1 fi

— .1

4 iy —tm i
?.?c = ; 114 e : (1_'_1:'1."4

60;?? .;'—(43
_150,F
119 &

(b) E(z)=1,000e% ¥ (Vim)

E* z) 1,000 %%
H () = () _

A 1508

1 (001505~ 585

1595°¢
= 6_292'1'9332_1(”8“? (&fm)
B (z,6)=Re| B {z)e!™ |= Re [1,umue-”%ﬂ‘*-%ﬁ“!f’]

=1,00027"" cos(2r=10% — 4. 582 (Vim)

Hi(z. i =Fe| H' (2™ |=Re| 6.29,71°% S O T
¥ »

=E.EQE'I'WKCOS{EJ‘TX1035—4.582—%} {Afm)
(c) BETETEESRE, EE REESRE

Fueiian e (tn)
@ 1.90
B2 2 i
& 458
2
i, T ST Loy oy B s
& 458
= TERFEER(y, 4, J=U)%“ |
2 o 3><103
A= 5 (m)
ik EJTf,/;{AE ToF 2000
A oE e B Cose10® i)
A afude

fELl FERSH ERETEPEEVERELERETEEREEILEN

7
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3-2. BENERIE
BRI TET, ﬁi“&%ﬁ%i%ﬁiﬁ

VxH crE+JcosE jo(e — ]—)E Ja)EE

i & me- o= je EREEBAERY
B4 AT 340

Im Im
|
E—=aE Re
(a) (b)
3-4
tan]8, | - — - = (3-25)
we &

BB /aE A IEY(loss tangent) Bl FERL A FR (dissipation factor).
0, T EFERUAE(dissipation angle). TEIEREIR /B, HAEREE, E 3-4 Al
T
o P Eo AT AR AR AT Ul . RERE. e bR
7, ReF — 3T
wE

ta | —

o =N /1+(i)2 =1 (3-12)
2" | we |
= =i
an e oL .|
= L(—)" <1 3-13
p N _1/ (G)E) | (3-13)
7
N St
0. = 2 2 e (3-21)

=

FEFERTET, o ﬁ’&f?ﬁﬁ i‘%TﬁF‘%uL

O\ e ~ ]
-5 [JH( =y 1] (3-26)
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ﬁ:%’.g‘_i[ 1+|:E?'::|2 +1}2 (3-27)
L
N ﬂ; Tl Eay
e = — s < oo (3-28)
[1+(E—,)3}
£

AR o BB EE T E P EER. TEREE AR T mE
(z) B 34¥(go0d conductor)

EERITEER:
R T 2l s Fm:

P=jayfus(l- J—)ztjm HE

x 1 X
-\f';_(é? 2)2_;4
1+

ﬁ:‘“ 2w o JEREE T e 8R4 TL

J_JM_JTJW_J

g
= %Jmm = (4 WIT AT G+ jf

a=g= faine = J=—

HoeT

&
_ _-ﬁ
_’ J_(l _J;J

J__

(EEP (EEEL (L)

Jm W3y = 1’ ZE 0+ (BAED (Q) (3-30)

fﬁi«iﬁf%hm B, TIHAR 457, ERFET R BRNERIEE
IBRE TR ERS 457

BBEBGEEES Aot Ji )
& ST

LISRASEME], o=58x10" (sfm), x=1257x107 (Whih m)

(3-29)

F=10° (Hz)EF, =2 (mm)
F=10° (WMH=z)ES, §=0.002 (mm)
(b) HENEE
HENEEWERE

flw e & Z—','ﬁl FEIEET @, 854,



I FILURSIER I
@ VOO B R RE

ALV 2= o

- 1
_afue [ i _J‘
i _ 1+(E,} 1_ ( }— (MNp/m) (3-31)

i m_‘,i‘i 1’1+(E—':)F+1 2 %’*’.—-[2 —(—)}
= afue| 14— (—)} mJ_[H (—)} (radim) (3-32)

%

—
= JE+ = Feee e
E‘ 2@E
el 1—3(E—Tf+;1(5—':)} () (3-33)
£l B'r 2 g

Eo=08 a=0, 8=afus, ?fa‘;:Eé@i_ﬂiﬁﬂ’%Eqﬂﬂ‘}%ﬁE—ﬁ

il 3-2. —RESREELTEREE EEk(s =804 =1, a=4sm)H

GIEz FEHEE. Ez=08, BIBE H0.:=4100cos(10" )

(Wi, (&) RERIES, RS EREER. 188 EREEER

Bt EERnETEEz =R 1%E BETESE O BH
Eiz.) B H(z.6) TEz=03(mBZ(E
[42] BT @=10"7 (radls), f=%=5><106(1{z),
o T _ ') — 13051
@E @, (IDTﬁradfs)(%xm'g F/tn)80
il
HE EEEAEYAEEH. BkERE SR
(a) FEIEE

@ =fmf o = 510" Ho)(4mx107 Him)(4 sim) = 8.89 (Np/m)
HESE
SG=a=88% (radim)
EE=phAISE

5 w7 =
f,u L [(5%10 sz(élf;?rxlﬂ Him) _ 5
s

={1+7
A

10
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@ 107 m(rad/s)

=3.53x10° (m/s)

Vy=—=
B B.89(Np/m)
il
gl BB oy
g B B3 radim)

B 1
T 8.89(Npim)
(by E(z)= B0y ™ = (0% 1% B
2™ =0.01, 2% =100
I ITHERTEE RS
1 4.605

z==In100=——Z= 0.518 (m)
a £.89

= 0112 (m)

() E(z)=& 10055 (im)

2) _ 5 100 jemmies 31 gagmes, weme) (4 4n)

Bz, 0= RE[E(ZJEJ“”}
=Re[&xl[][]e_“x£_‘wxem:|
=Re[ 4,100e 0 |
=, 1008 % ces1 07 2 8 892) (Vim)
Hiz Hy=TRe [ﬁ(z)eiﬂ

; =
=RE[cfy31.832"33952"”339”"’”3231” z!:|

=&,31.83¢™% cos(10" 72 - 8.892—%} (4 /m)

Fz=038&
E(0.8,6) =&, 1007408 cop (107 1 — 8.89 % 0.8)

=4 0.082cos(107 7w~ 711 (V/m)
H(0.8,¢)=4,31.83¢"" cos(10" 7 - 8.89 x 0.8—%}

=4,0.026cos(107m ~7.89) (Afm)

{8 3-3. 10 MHz 7 BB RIEMA a=4x10"s/m, £, = 81) Big7K
(o=4sim, e, =81 HEE HSAFE-NERNERESEESE
EE.
[A%2] E|EEEES /=10 MH:
kAR A R
a 43107 (s/m)
tan &, = = - —_
@e,g, (2107 radfs)(8.85x 10 2F/m)(81)

11
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=8.88x107 « 1
HIEEBIEES 10 MH: ZBIEER. KBEEENEE
HEEFEATALIT 2R FLETE
1 2 fee 2 Nl

How Mg i =119m=12
a of 4 (4x10'35fm}{3??ﬂj nEtem
Bk EIFE R A IR
a Alsim)
tan 4. = =
© @ee, (210 radfs)(8.85% 107 Fim)(81)
=88.83 1

HTEEBIRER 0 MH: T ERER, 5 BEEE
HEZFE AL T2 TFLEE:
1 J 2 1

d=—= =
a Nouo  Jrx10 radis) x4 x10" (Him) < 4(sim)

= ﬁ fm) = 8{cm)
LA _FRERRET, 10MEz BB, EEk P ERE R Bom, #H
HEEELE THESTEE KPR AMERNSEER

B 12m, SEAFTEEKZ R Bom, HUEFIRESTER K FHE 10m
EEE B A

{8 3-4. $EEER 25GH:z AUEREIETEZME (e, = 24— 2.0 EE HitEF
EESo, BRES. SEFEIRER L
[AE) cy= & jEr=724= 7901, 7E £ =25x 10" Hz ff, ZEEE-KATEEIRATEY]

(27 % 25%10° radim )34 ? W

. . 1}1 0.265)° —1|* =401 (M p/
J2(3%10° mfs) [ ERE ] SRR
HEE

1
@af LE LT
= 1+{— 1
i N5 [1’ +(E_,3' +}
1

(277 % 25%10%radim) 34 a3
" e - ,}1 0.265)° +1° =3,709 (rad/
J203%10° mis) [ ] +} radiy
BErE

LR
a 401 Mpim)

e

12
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:2_;?T: 2rrrad) 04 (m)
A 3079 radim)
151 3-5. 915 MHz AR BBNLAHEB o= 16 5im, & =51), FEWHEE
BEp EETEER,.
[#2] MAEEFEEA YIS

& &

3 1.6(s/m)

2% 915%10% (rad/s) x8.85% 1072 (Ffm) % 51
tan &, Z{ET-ESEATY 1280 1, SlpiEEErIE B EseT
FEEBNEE

TEEE
-SE'J_HH( } J_ﬁfJ_[JH(U.ﬁl?)g—l]%

=0.617

1
= 2><3_1416(rad)x915x106(rad.fs)#(l.1?5—1)3
2x107 (mfs)
=40.45 Mpim)
e
1 N i
@y e o £ T |2
L 1|’1+— +1| =T —HH 0.617 +1}
8 T[ (m) } " . ( )
1
= 2><3.1416(rad}leleDﬁ(radfs]I#(l.1?5+1)3
2x10° (mJs)
=142.7 (radim)
EiEEe
P+ [ A=4045+ j14277 (radim)
A=E=11ZE
E 1
T e B
) :
]
e
377/ 451

_ iy
[ EXP{J A (0.61‘?}}

=48 7™M 10
32, WRNM(onized Gasss)

HER SRR, TS0 E S LB BERM. - BEEESEEE
E—EAEEERNRonosphere). BB AEESEEENEHE
FEEHTEEREZSMT (plama), FEHERTRHEES TR
WA BAEA R AR SRFETEEE MREABIEHEE.
EREEE. Ak =i BB TEEImEL

EHREHEHFEFEEAEE ENETHEERMNIHT. B8

13
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3.3.

WS EERE g, HESNE TRIERAN IR, YRS EER
HETHEN FRETERER T ko T e 72,

B iIRIBEEE FHE5 (plasma oscillations and the electron plasma
frequency)

B EREYRZ I IEE, ERANEE/EE9 oM EEEE
EIRZEA, EREESFRENE FEEE (R 7). 8—FEEFUE
Eqg,=-e=-16x10"C, F—EEHTHNERqg =q, =¢, WERIEET

HFGEE), ERNEERTE

a £ | e
y UL e ER | e
o ; 888 339 gee 00 e BT
z ¥ 833 o 3 2 Q0 FEMEF

(®) (@) (o) (8)® ooo
®® ® on ® ® &
(® (@ (o ()e @) (® (@
SR CRoHORRES
(®) @ (8 ®)e 08
S® S o SRR
Le® 0O ©e " ©® © ©®
g IEE B85 rhi

3-5

R — S AR EEBIEMEAED, FRNEEE T EHET,
20 3-5 Fror. [SERE SERAMEL THES E, ILESHINES
B ARE#HEFNEEEANE T, B2 0B ERERUEEE AN
THET, WIEE TR ES AT BT 2885 L 2eR ik AR
REUEIGEMESERE. ERE FREEE, FEFRMEMEA LT
FiEE, EREAHEFATIEREFES. REEFET IEEATS
BERyERE. E—YEDG0E FHEIERE ) A E T, SR EREE
EARRIE. RS E BEf IR (plasma oscillations).

SRR ESE A, NE=4E, E—ETF2HBHHERT], RS
IHE —EEELITRMR

F.=¢E.=m, ‘;f (3-34)
ARSI EN RIS EIEE .
@SE-dgzg& (3-35)

80
WNEEEEAE ), BEE WA \EEESITHEs, 28 3-5 Ar(E
RAESAD).
q%s E-ds=AE,

14
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34.

e —2N, Ax
E)
LN BEEEEIETE HLU ETERAAGIEEE
AE = —el, Ax Z = —el x
£, £,
HFEFAAGINTRL T Z#a A8
dix Nt,e'g
—2+ x=0
dit m,E,

2
4% @, = .J N (3-36)
mﬁ' EI::'

TEEIEEEEE oscillation frequency) SR B HHEEE (plasma frequency), 2BE
S| AREEE ETER

2
%+m§x: 0 (3-37)

(33N 7 AER
= sinaad) + O cos(a@f) {3-28)

A C EC, BES, TTHEETHARRE. (-39 2B HE B HiFRa T
T B

AN P B ( Electrom agnetic Wave Propagation in a Plasma)
BHEREITTERAMERERNEREAE BRENENETETHE
TR AR T ERE AR E ., Ea AT B E TR Em v ARE T
Bt R E S (TR L BRI TR, HRRRE A S o S E
2 7= Re [f&j"r] Ero=Fe [ b’ ] SRIEENTE R ENE BT
A TR AAREEREERENTEOERIE —ibE TR
J=N, o8 R p=N_e (3-39)
., Vo, BEETEE
Nop =N, +Re[4™ ]
N BRBEFENETEE. AL BRHETEEIEREE
By BE T (T EEBEREeE T ko E AT IR, A
¥ =Re [%ej“”}
Ry SEEHE BN B RABREE/ &L B
F=[w +Re(ﬁee~i"*")]e[3e(ﬁgi’“’)]
= N, Re(ie™) +o [Re(ﬁfeﬁ”)][Re(ﬁe“")}
HEREMEESRIENETERE =V B ERERAaHET
iR N E—1E, Bl
i Re[fef‘-"] = oV, Re(ie’™)

15



I FILURSIER I
@ VOO B R RE

EMTECAIEERREE

J= Nt (3-40)
TEEISEEE FERERE, THEARERFEFRETERE
E

GINFFENEERTRREETTE N, IR T EEEg, &
M= +RE|:?2 E‘“”:I RE[A ""”:I
St Re[ ‘i"""":l— M, o8 = ERE[HEQ‘?‘"’:I

BN EEAIERETE
pie (341

SIEALA AR RR LA AT BT ARAHAT R

TxH = jae Bt Nes (3-42)
Fx E=—jou i (343}
o Bl (3-44)
EI::'
F.H=0 (3-45)
-t pat V (WeV) = - joie [‘?f’- Y~ —%ﬂ
V(M) =—joh, (3-46)
BERIERAMNE TV N ARAHERIREE
¢B = jamy (3-47)

HOeANTEGADTEEY, B
% 2 o 2 =
ﬁ'xﬂ:jmfﬂ (1— e JEZJ@E‘? [l—i‘:JE

2

&w,E, @
2
2 @, = ,,”f‘“’ EESEE
mffl?
2
) E{#=E‘F=E‘,[—$‘;J
Al Vx i = joegk (3-48)
HH(346), G-4h ECGATNT O HF
V(e B)=0 (3-49)
FH(3-48), (343), (349, RGANF &L T oia A
2
ﬂ+.sr.r My Ege B, =10 (3-50)

% 6= afuey = caq.’;faea(l——) jr:%X-mP (3-50) 2 2 ARES

Ex (2) = Cle %% O™
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i Clé,-.i'"-’x-.‘hrnil—xll + Cgé,i'f-’xq.llmnlil—ffll

HABRAR MR
e e
_ s NHTE o,
F " Vﬁ'{g Jl—mifmg Jl—mifmg
EESEAE
BHHEE /. 5
_& 1| ;
T = o 2w\ me, = ol
ERELEENENETER
@ fy
,sﬁ:e‘,u—?):e‘,(l—f—zj (Fim) (3-52)
BREETERETOEERES
b= jaJue, :jmd,afﬂ 1—% (radim) (3-53)
B ERRE
7, = o= (Q) (3-54
Ey 5
e

8L B PREMES EREEFEERMTAEEE. EE
BiEHETLy, BfES, BRAEMEIIEH reactive load), TT-EREIIE.
it 7, 7 B E W IER (cutoff frequency).

g A0 JEEMES EREEERANSLIEEM T YRR
SRl FEAAE ).

B e=16x1077(C), m=911x107" kg), £ =8 85x 10382 Frm)fL A
(-5 ASZIRLEIEE £, R B RAR

f,=0W  Hz) (3-55)
P EERETEHE VIEES, MEEaE, H#E 6L EEME
AW ERECETEES10-10%07), MERERAG38)E
0.9(MHz) < f, <9(MHz)

FELE AEEFE AR R P OEEE R AL aHRE, f85E
EARY 9(MHz), DB RSN EEE THE N R EE
)

SR AT 090 RS, EERENRERNETR, gkl
T Hb i B2 i R SR R R S R A T AR

=B EEES T 0.9(MH ) BL8MH:) 718, BIEEfr e e nEm
BevErEE, BRIT] VERAMERR, fERinm.

17
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] 3-6. BATGEDAEER ENEASETE SEEENEE. 5
HEERTLMEEESE BEHETEENS 2100 0m™), 25
B f BT, B AR AR ST
[#%]

N=2x10%cm ™) =2x10"%m™)
RLAGIRE
Fi 9% 2x10" =127 %107 (Hz) = 127(MHz)
HORHWHEE T SRR 127(MHz)

3.5 FER(Group Velocity)
EEERIET, TEEHENEERSE  EoullRRE
G=afus (radim)
HER

e & . iz}
F ,5 JE
5w FERIERMR, v, BSESRERT

BEEFERET, MEEEERETEPEE HEEHR RiEEH
BER, BER RS, RS RS L T R EEEE
EFBEERCERE 2R —E, Med—HETSE TR AR
RS R SEREMEEEETERME TR HEEER, HEE
—EIEERR, EHAMIAEES E (distortion), SR {RIEEMIEL
(disperses), ETRIRGFIER Ef(dispersion) EERBNIEE—EEETE
(dispersivemedium ),

EEREFER R 2B R, Bt EmiEEERE
A —BRE (D L FTARRR. AE —BFAEI AL Bllwave packet), [ BIEERE
o FE 77 ES R (group velocity).

RESE —EREBEEE. EEmETEE HiFEHE e
ETE, —EBathe. B—ERe,-Lo(to<a,). —EEIHRESE
SEAIEEY, MREFFTR. SIS MR ATRES 6, +ABRA A8 T
L AR

E(z,t)=E,cos[(@, +Aa@)— (5, +A8)z]
+£ cos[(mﬂ —ha@iE— (48 - &ﬁ)z]
=2H cos(h@—zh Dces(@di— 52)
FERETERERTER ERELFEE MEL Lo 2 AfEEireies
fLA0E 3-6 BT
UEEE I, EAEEy, TEEA - 82 = F8ETEME
dz @,
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| IEPHJk%%iE%
WO B RBURRE

i
’

D AT Ao

I""‘,‘ ¥
N
'S
/N

| J*” | \ﬂ A L | j/ \U\L‘ ]\

s _—

da

3-6
B AR THEHE v, IR EEE# (group velocity), A/ FEETEME
Ao —zAB = HHL
v = d _ Aw _ 1
fodt AR AB/Ae
HL Ao — O FURGEFRAE, AIHE-OEL M E HRYESE
1

%~ T51a (m/s) (3-56)
[0
v, el E B2ET g9t (marrow-band signal)1HE, @ LB TE

HH R A AR

B 3-6. —(HAETHEHEFERS E TERE. (EILS5RATEEIAERE 550(kHz) T,
LS ELZFEEAIEDIRS 0.2. (MR B 2.5, K(a) i Ea
KA 5. (b) Al v, KFEEY, . B2 A EE?

g

(1@~ 5=02 R %(%)2 <1, . BTSN EE, o
R AEFTHG-3DRG-32) LR ER.

oJue g ws"
ax ()= 5
2 £ 2 Vg
e"=02:'=02¢ ¢,
=0.2(2.5)8.85x10 *F/m) =4.42x10"*(F/m)

LAG-3D)ES
5 2nfe" JE
2 g'
377Q2
= 7(550x10°Hz)(4.42x 107" F/m)——=1.82x 10’ (Np/m
( X )\/ﬁ (Np/m)
FA(3-32)z{

Bz .@JE{HL(E—")Z}
8 &'

(3-31)
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FRILURSMER
[ RIR R E

O]

\/ﬁ

= 27(550%10° Hz)- [ +%(0.2)2}: 0.0183 (rad/m)

0*m/s
(b) THH
yo@o_ L1 [1—15—")2}
T B L] el 8 e
He [Hs(g')}
_3x10mis[ 1] <107
=== [1 8(0_2)} 1.888% 10" (m/s)

(© HE-3D)7
4B _ a1+ Ly
T~ 15 |
! = 1 = ! =
(dp/dw) \/E|:1+1(8—")2:|_'J'u8'_

R SR EAEREN BRI RN E.
PR BRI B RE YA 1 3-7.

Wavelength Frequency

Vg—

Application Photon Energy

A (m) _f (Hz) ‘and Classification hf (V)
L 1024 .
10-15.4 (Gev)-} 10?
I y-Tays i
L 102!
10-124 '[ (MeV)+- 106
3 ~10 X-rays
(&) 107 1018 (EHgZ) o :
—5. A 103
(nm) 10 i Ultraviolet l (k) R
- 105 (PHz) -l—\-.;n;trr.m 0
(um) 10764 e T 1
il Infrared =
| 10" (THz) mmlwaw: [
mm) 103 (meV)+ 103
(( i 10_2 = EHF (30-300 GHz) Radar
cm 1
SN | SHF G-30GH) e
(m) 1 i 109 (GHz) UHF (300-30’0’0 MH.Z} Radar, TV, navigation
m = TV, FM, police, mobile
s VHF (30-300 MHz)  ruiio, it traffc conwrol
oI HF (3-30 MHZ) Cilisen's band "
10 — -
- - 10° (MHz)  MF (300-3000 kHz) Ao ftine
) LF (30-300 kHz) [ ii&heonn
105__ VLF (3—30 klll) Nuvigation, sonar
| 10° (kHz)  ULF (300-3000 Hz)
m -
107 —60 (Hz) SLF (30-300 Hz)_
o] ELF (3-30 Hz)
-1 (H2)

3-7 ERLEHYEESE
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