






tVtv sS cos)( 

ttVttVtv NSNCN  sin)(cos)()( 

)()()( tvtvtv NS 

})]()(Re{[ ti

NSNCs etiVtVV 

])(Re[ tietV 



NC

V

NCNC dVedVVp NC
22 2/

2/1)2(

1
)(






 1)(  




NCNC dVVp

])(][)([)( * titi etVetVtP  





 NCNCNCNC dVVpVV )(22 2 22  NSV

 NCV 0 0 NSV

)(tPP 

222 2 NSNCNCSS VVVVV 

222

NSNCS VVV  22 2 SV



2/12}])({[ PtPP  2/122422 )224( NCNSNCNCS VVVVV 

2/122 )(2   SV
444 3)(  




NCNCNCNC dVVpVV

2/12)(2   sP



2/12

limitlimit )(2   PP

2/12)(2   sPP

)21(2 2   )21(  NP

A. Yariv, Optical Electronics, 4th ed. Saunders, 1991. 








 dtetvV ti


 )(

2

1
)( 




   deVtv ti)()(

2/&2/0)( TtTtfortv 







2/

2/
)(

2

1
)(

T

T

ti

T dtetvV 


 )()( *   TT VV







2/

2/

2 )(
1 T

T
dttv

T
P  







 





2/

2/
)()(

1 T

T

ti

T dtdeVtv
T

 

 























 

2/

2/
)()(

1 T

T

ti

T

ti

T dtdeVdeV
T

 





 


dV

T
T

2
)(

2




0

2
)(

4



dV

T
T

)(])(exp[
2

1
lim

2/

2/



 





T

TT
dtti

T

V
S

T

T
v

2
)(4

lim)(









)()()(   tvtvCv dttvtv
T

T

T





2/

2/
)()(

1


dtddteeVV
T

T

T

iti

TT  












 
2/

2/

)( )()()(
1

 


  de

T

V
iT







2
)(4

2

1

  deSC i

vv 



 )(

2

1
)(




  deCS i

vv 




 )(
1

)(







TN

i

iT Ttttfti
1

0)()(





TN

i

iT FI
1

)()(  




 dtettfF ti

ii




 )(

2

1
)(









 dtetf
e ti

ti i





)(

2

)(
Fe iti


 




T T

ji

N

i

N

j

tti

T eFI
1 1

)(22
)()(

















 

 


T T

ji

N

i

N

j

tti

T eNF
1 1

)(2
)(




22
)()(  FTNFN T 

T

V
S

T

v

2
)(4

)(


 
2

)(4)(  FNS 



22 )2(8)(  FNS 

2
)(4)(  FNS 

 dSdS )()( 

)( ittf 

  dFNdS
22 )2()(8)(  NdN  




 )(

1)(
1

)(  







 dN

N
dp





   dSS )()( 




   dFN

22 )2()(8





   dpFN )()2(8

22

22 )2(8  FN



A. Yariv, Optical Electronics, 4th ed. Saunders, 1991. 

qIN / 

d

tqv
tie

)(
)( 

dtetv
d

q
F

at ti




0
)(

2
)( 


 1 at

dt
dt

dx

d

q at


02 2

q


22 )2(8)(  FNS 

2

2

2
8 













q
N Iq2

  )()(2 SiN





I



T



)cos()( kztAtv  

)](cos[)( LzktAtv   )cos( kztA  

,3,,2,1,2  mmkL 

L
k

2


0 k

2

kL

k

k
Nk 




c

L
N


  )(

A. Yariv, Optical Electronics, 4th ed. Saunders, 1991. 










d

dN
p

)(
)( 

c

L


)( energy ofvelocity 
distance

energy
power 

  mode perengery andbetween modes of number
L

c
P  








  






























1/kThe

h

c

L

L

c



 )(  hkTkT 

1




/kThe

h

















kTR

e

Rh
v

hkT/kThN 4
1

4
)(2

R

kT

eR

h
i

hkT/kThN
















4

)1(

4
)(2

A. Yariv, Optical Electronics, 4th ed. Saunders, 1991. 


