


21ln
1

)( rr
l

th  )(
8

)()(
22

2

12 


 g
vn

c
NN

sp



nl

c
qq

2
1  

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



A. Yariv, Quantum Electronics, 3rd ed., Wiley, 1989. 

lc 2/

A. Yariv, Quantum Electronics, 3rd ed., Wiley, 1989. 

clTlcm /2/2,/0  





n

tni

n
neEte

])[( 0)(





 
l

c
qq 1







2/)1(

2/)1(

0 ])(exp[)(
M

M

tnite 

1 n

En n




























n

nn tniETte 





2
)(exp)( 0

  
























 nitniE

n

nn



 0

0 2exp)(exp )(te

En = 1 n = 0

)2/sin(

)2/sin(
)exp( 0

t

tM
ti








A. Yariv, Quantum Electronics, 3rd ed., Wiley, 1989. 

A. Yariv, Quantum Electronics, 3rd ed., Wiley, 1989. 



Q













ctnl

cL

dt

d 1




ct

t
 











 1

/ ccLtnld

d 















 1

th


  











 1

th




thd

d









2

VNN )( 12  

2

1

2








 th

d

d








 )(ln

2

1
i

i

thi 













 )(ln

2

1
i

i

th 





1Q











 )(ln

2

1
i

i

th 





ctt 

0










 


th

if

i

f








exp

cthP /









 )(ln

2
i

i

th

ct

h









0/  P th 









 )(ln

2
ith

i

th
th

c

peak
t

h
P 










A. Yariv, Quantum Electronics, 3rd ed., Wiley, 1989. 







K. J. Kuhn, Laser Engineering, Prentice Hall, 1991. 

K. J. Kuhn, Laser Engineering, Prentice Hall, 1991. 

K. J. Kuhn, Laser Engineering, Prentice Hall, 1991. 

A. Yariv, Quantum Electronics, 3rd ed., Wiley, 1989. 

s

s

II /1






