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iha = E,a+H,*b . . . . . . . . . . (7.1 n)

ilil; = H*,a+E,b . . . . . . . . . . (7.1 91)

do9PlaalRlMumbanr~o5  Z(t)  ~.h&Jatnou~~u~~nu  I ,  2  abaz  3  ah

R, = ab* + a*b . . . . . . . . . . (7.2 n)
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R2 = i(ab*  - a*b) . . . . . . . . . . (7.2%)

RX = aa*  - bb* . . . . . . . . . . (7.2FI)

WI = (Ha + I&,)/h . . . . . . . . . . (7.3 n)
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w, = -( 2X()W)

w2  = 0 . . . . . . . . . (7.6)

UJJ  = -*Lllo
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k, = - $ER, . . . . . . . . . . (7.8 fl)
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ii,+ $k,+&~,  =  (  2y)~~, . . . . . . . . . .

i 3 + b-1- = -($)Ek,
T

. .  .. . . (7.10 U)

R, = RIoOR,- -
T2

.......... (7.11 n)

RZ = 2P R2-q,R,+  h R,E-  -
T,

.......... (7.11 ll)

R3 = - ~ER’-+L . . . . . . . . .
I

(7.11 t-l)
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r;r+  N-N- = -(&-)E+ . . . . . . . . . .
T

(7.14 n)

P+ 2wJ+ 1;+&~  = (T)~~ . . . . . . . . . . (7.1491)
2
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k,+  RI-1
3 - = -($)E&

T

. . . . . . . . . . (7.15el)

N = No . . . . . . . . . . (7.17 n)

P = k(P,exp iwt +c.c.) . . . . . . . . . . (7.17Y)

L&l No  LlWt PO Lhh~S~  bbYlU&'f'%lfll-J  (7.16) LbX  (7.17) WbWJnl3  (7.14 ll)

LLi=-4~ti?  (-w*+w;)  = -2w,(w-w,) = 2w,Aw  L.3l~&h

PO = - < (  ,  +;zwT2  )NoEo . . . . . . . . .

No-N, = X”Ei-= _ P& -6
T h l=? ( PO1 + (AuJT,)~

. . .._._.  (7.20)
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x”ti = L&w = --F 21i2 ( T2 >I+  (AuT,)*
. . . . . . . .

!I
. (7.21)

(Poynting’s theorem)]

dP,
dV

= E+ . . . . . . . . . . (7.22)
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Ii, = -(Aw+$)R,,-  2 . . . . . . . . .

RI1 = (Aw+G)R,+ if+,,,, - + . . . . . . . . . . (7.25 -II)

Ii &,I - 1III = -+R,,- ~ . . . . . . . . . (7.25 '+7)
T
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P = C cos(wt - cp)  + S sin(wt  + cp) . . . . . . . . . . (7.30 n)

i:  = -(Aw+$)S-  % . . . . . . . . ..(7.30 u)

i = (Aw+ci,)C-t . . . . . . . . . . (7.30fl)
.

I+ = _--IEoS N - N

h T
. . . . . . . . .

’ b&J C = NyR, .......... (7.31 n)

S = N&R,, .......... (7.31 V)

(2) na&mbaejoanbkm~u~  mm.ma  (7.13),  (7.24) bba:  (7.25) bm%

N  =  ig*N’dw; .......... (7.32 n)

P = C cos(wt+  cp)  + S sin(wt  + cp) .......... (7.32 Y)

C = jg*Cdw; .......... (7.32 tl)

S = jg*Sdw; .......... (7.32 9)

e = -(Aw+ci,)S'- $ .......... (7.32 8)

s = (Aw+ci,)C'+ p!&N'-  $ .......... (7.32Q)

N>,
T

. . . . . . . . ..(7.32  "a)
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Lib Au’ = w  -uJ(;, C = NyR;  LLRO  S’ = N&R,‘,
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aE’  I a+v2q-dt- I a2?
F,,z =  - - T - - TEC at

. . . . . . . . . .

aE 1 a2E I a2pV2E-2+------- = _ _
EC at c2  at2 EC2 at2

. . . . . . . . . . (7.40)

230 PH 464



a%
at2

w zp . . . . . :.... (7.428)

caE,+aE,  = UJS  aJ%
ax  at 2&o  2E

. . .

WC
E,,(C f$ + 2)  = - 2E . . . .

(7.43nj

mnwu:m  (7.307)  i?s (7.3OYj sa--iwu+

c =: -(Au+  ‘;).,S .  .  .._ (7.45n)

S = (Aw+ ‘$)T&  + (‘+)N . (7.45ll)

aN
at

= -(F) -. !c!%
T,

. . . . . . . . . (7.45vl)
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a9ax = (y)&? . . . . . . . . .

2FaN+ y =  0 . . . . . . . . .

(7.46”u)

(7.46fl)
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Tz&0 = 7 . . . . . . . . . . (7.4911) :

A =; . . . . . . . . . . (7.49ll) ;
t

@ = 2L
d.4

. . . . . . . . . . (7.49t-l)

. ...” (7son)

T, aa
t = -(a+  $T,)yi(iA-@ . . . . . . . . . (7.5O”u)

z = -- tld,  ~ ;!(A  -- 1) ..,,...  (7.5Ofl)
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Tz(C$+$)  = - G(@  i-  LB) . . . . . . . . . . (7.509)

5 1 -(x/c)=
TZ

(7.52n)
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'ih%J  q+cc  b5lWEIPlTlRBJfIlT  (7.52F1)  -dl

lim 0 =
G ,, o CD  exp(GLo  ‘kirl  ’

l i m  -__- z lim -2 . . . . . . . . . . (7.53)
rl-)- U-*@ exp(GLv)

r/-c=  L

L dB . (7.54)

d r
=  -Q(A+ 1 )
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Tp = I .76/R . . . . . . . . . . (7.57)

LLRt9lfllUfll-2 (7.56) LLAZ  (7.52t-l)

t, = I .76LT,/(l  - L) . . . . . . . . . (7.58)

(b)
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(7.59)

Tz  ~34
at

= +HA .  .  .  (7.6on)

T,  FiA
a t

= -H4

T>($  +‘g)  = Ga,

2 3 8 PH 464



“+m
L
h ! E,dt  = Ods  = 2n ( 7 . 6 1 )

-cc

T
t-(x/t)

= - . . . . . . . . . .
12

(7.62n)
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X
v =

VT,

Lib v < c WBlfll3  (7.60) TlWJLh

b&

aA
at = -ti@

aa
at

= eA

a e  p a e
aq  at

= -G@

p = [l-@/c)]  2 0

. . . . . . . . . . (7.62ll)

.......... (7.6311)

.......... (7.63”u)

.......... (7.63fl)

.......... (7.64)
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v, = bzw;d
4

. . . . . . . . . (7.74)

I U,U,dV  = VJ,,,,, . . . . . . . . . (7.75)
, c
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. . . . . . . . .

. . . . . . . . .

aN
at =

E&S N - N ,---__
h

. . . . . . . .
Tl

(7.81ll)

(7.81li)

(7.819)

E
E”+  2t,

w 1
3 .= - 2E \ii SUdV

c
. . . . . . . . . . (7.82n)
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W - Q- : &c
Wg-W Awe

. . . . . . . (7.85)

S = p'TZNE,U =NE,,U
lil I +(AwT,)')  = co

. . . . . .

aN
.yg =

2q NU'- (cc7) - N - V
"‘ T,

ci = (- y,[NU'dV-  +)q . . . . .._.  (7.89"u)
c ‘

s = (~[NU'dV-  ;)q . . . . . . . . . (7.9O"u)
‘
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nl = iaNU2dV  / iaU2dV = {aNU2dV/Va . . . . . . . . . . (7.91n)

n2  = !aNU4dV/[aU’dV . . . . . . . . . . (7.9111)

nk  = . . . . . . . . . . (7.91Fl)

(U4)  =
s U4dV
a

Y U’dV
a

. . . . . . . . . . (7.94)
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n, =

n,  =

. . . . . . . . . . (7.93 n)

W,(N,-n,)-2( y )qn,- e
c

. . . . . . . . . . (7.93 lq

Wp(N,(U4)  -n,)-2(  F )qn,  - n2c~(CT4’ . . . . . . . . . . (7.93 +l)



n,,+l  = s (NUzm)UzdV s NU*‘“dV
I

U*dV
= SU2dV  = n”, . . . . . . . . . . (7.95)

n1’ = Wp(N,-n,)-2(  y)qnl-  3? ..I.. . . . . (7.96 n)
c

. . . . . . . . . (7.96 ll)
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N,-N2  = N . . . . . . . . . . (7.97 n)

N ,  +N,  =  GilFI~~ . . . . . . . . . (7.97 V)

bbWURBJnl5  (7.97) ~~hW-ll~  (7.81 fl) L--al%

aN2 I aN E&S-=
a t 2 at Ii

,.___.....  (7.98)

~orPlb~lb~~JWs~nl5nal~~a  81lllsJfll$  (7.98) b3lHl~6'il

aN,- E,US Nz
at __--21 5

aN E&S N
at =

____.-  - - . . . . . . . . .
23 5
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. . . . . . (7.101 n )

. . . . . . . . (7.101 V)

(7.101 fl)

ac’
-zz

al

as’-=
al

I(w-(,,,;)+GlC’-  !!?!&N’- c
ii Tz

aN'_
at

= y&Y,,  + %!$  - v

C .= \g*C'dto,; . . .._...._  (7.102 n)
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c’ = -(w-wo)T2S’ . . . . . . . . (7.104 n)

s’ =  - P2-b

h[l+(w-w$T;]
N’EU z - ??$ N’E,U (7.104ll)
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y, = N!L
N,r . (7.107  n)

‘F,= -~  2 ‘<,,J-((‘J,;(
2r, (‘. lOti)



(7.113)
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(U”) = U’dV

v,
. . . . . . . . . . (7.116)

’ = (Au&‘~)~
. . . . . . . . . .

40  = iXoexd  - 0~  - wd211  - 1
exp[  - 5(w  - wd21

. . . . . . . . . . (7.118)
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l+[l+(w,-co)*T:]-1
. ...*.....(7.119)

x0 2 1
1 - (21112)  (Awo/Aw;)*

. . . . . . . . . . (7.120)
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,....... (7.121 fl)aN
at

= -(&) $E-y ..,

2ATE+.-  -+&p =2 ap 2wQLl=
at* Tz at

( -&EN

ij,,, - l&,  +RZ,,E, =
r

-L[a2Pti  DV
EV,  .-;i;r  m

. . . . . . . . .

. . . . . . . . . (7.12111)

A, = Eo,exp(icp,)

2 5 4

. (7.124)
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j(g)+& << (g(g)

Y

saturable absorber

!A,,,
dl <c ~+%,, . . . . . . . . . . (7.i26-U)
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a+
T = -c&P . . . . . . . . . . (7.126fl)

aN
at =

-25f Em N-V
EZ,T  7

. . . . . . . . . . (7.127 n)

aP
at

= (.xao)EN

2&,-  ;Am = -~~PmUmdV
c

. . . . . . . . . . (7.127 ?I)

. . . . . . :...(7.127c1)

E2, = 32
P*T’F

. . . . . . . ..I

N  =  No+ k[N,exp(iAwt)+c.c.] . . . . . . . . . . (7.128)

utxmn~~fm  (7.127 n) aaId

N,  = N,[l  -(l&)(lA,.~l~U~-,  + l&12ti+  I%,+,l*Uk+,)] . . . . . . . . . . (7.129 n)

N, = Nt 4h%nU,.1Um  + 4%n+,  Urn&t+,
E2, If iAwT, . . . . . . . . .(7.129’11)

m.mia  (7.129 n) mwwqQnsauniaZuJ6il5a  mntwni3  (7.127  v) w’ua?

Pm  = (ecao/2iwo)  (NIAm-,Um-,  + 2N&,U,  + N~A,+,U,+,) . . . . . . . . . . (7.130)

LLR~1lflRU?ll3  (7.127 Fl) ‘bFW~hJfl1~  (7.130) LLAt  (7.129) L~lp9lb%l
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+ IA,-,I*(1  -ihuT,)+ IA,+,I*  (1 +AwT,)  h
I+ (AcoT,)* I

2 -%n-,A:Am+,
- 7

Es 1 + (AoT,)* -hl
. . . . . . . . . . (7.131)

A, =  A  exp(icp,) . . . . . . . . . . (7.133)

2A+2iG,A-  iA =
T ;tA-  $I’+‘+ l+(&)‘j

- E2,1  :F2aT,‘l  exp[Kcp,.~  - 2.h  + Ipi+  ] . . . ..(7.134)
s L
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+ 2A3h

r,E;(  1 + (AcoT,)‘]
cos(cp,.,  - 2% +cPm+,j . . . . . . . . .

9, = -,+(JruT12(  &)sin(9,,-29,,,+ipm+J . . . . . . . . .

(7.135 n)

(7.135”u)

. . . . . .
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. ,,.,-

h = ;>o (z,, = 0, z, = d) . . . . . . . . . . (7.141 n)
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(Pm-1 -(Pm = cPm-(Pm-l+~ . . . . . . . . . . (7.143)

2d/c
(a)

I--I l-t-

( b )
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P = C cos(wt  + cp)  + S sin(wt  + cp)

N  = jg*N’dw;

P  =  C  cos(wt+@)+S  sin(wt+cp)

C  =  jg*Cdw;

S = Jg*Sdw;

b = -(Aw+$)S’  - $
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a,J = fl’I+B’dT

J =

7.8 W?if$&Wnls  (7.74)
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