


12 EEh 

221
2 NA

dt

dN


sp

N

,21

2




http://en.wikipedia.org/wiki/File:
Electron_shell_070_Ytterbium.svg 

E1 

E2 

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



h = E2  E1 

E1 

E2 

N2 

h = E2  E1 

E1 

E2 

N1 

)()( 1212 BW induced  )()( 2121 BW induced 



212121 )( ABW  



12W )()( 1212 BW induced 



1

18
)(

/3

33




kThec

hn





121WN  )(])([ 12121212  BNABN 212WN








j

kTE

kTE

i

j

i

e

e

N

N
/

/
kTh

kTE

kTE

e
e

e

N

N /

/

/

1

2

1

2









1

18
/3

33

21

/

12

21







kThkTh ec

hn

BeB

A




2112 BB 
3

33

21

21 8

c

hn

B

A 


)(
8 33

3

21 
 hn

cA
 )(

8 33

3


 sphn

c


 

)()( 2112  BBWi 



)(
8

)(
)(

33

3





 g

hn

c
W

sp

i 

)( kii

k

WW 


 
k

k

k

k

sp

g
hn

c









)(

)(

8 33

3







dg

hn

c
W

sp

i 



 )(

)(

8 33

3

)(
8

)(
8

)(
2

2

32

2








  g

hn

I
g

hn

Ic
W

spsp

i  )(
n

c
I 





dg

hn

c

sp





 )(

8

)(
33

3

sphn

c




33

3

8

)(


g()




 1)(  dg



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

Volume

P
hWNN i)( 12 







I

n

gc
NN

dz

dI

sp

22

2

12
8

)(
)( 

zeIzI )()0()( 
 

spn

gc
NN






22

2

12
8

)(
)()( 

kThe
N

N /

1

2  
12 NN 

12 NN  

www.orc.soton.ac.uk 

0sp



1

18
)(

/3

33




kThec

hn





121WN  )(])([ 12121212  BNABN 212WN








j

kTE

j

kTE

ii

j

i

eg

eg

N

N
/

/
kTh

kTE

kTE

e
g

g

eg

eg

N

N /

1

2

/

1

/

2

1

2

1

2









1

18

)/( /3

33

21

/

1221

21







kThkTh ec

hn

BeBgg

A




21

1

2
12 B

g

g
B 

3

33

21

21 8

c

hn

B

A 




h = E2  E1 h = E2  E1 

)()( 1212 BW induced  )()( 2121 BW induced 

)(
8 33

3

21
, 

 hn

cA
W ei 

)(
8 33

3


 sphn

c


)(
8

)(
2

2

, 



  g

hn

I
W

sp

ei 

E1 

E2 

111 NgN 
E1 

E2 

222 NgN 

)(21

1

2
, B

g

g
W ai 

)(
8 33

3

1

2 
 sphn

c

g

g


)(
8

)(
2

2

1

2
, 




  g

hn

I

g

g
W

sp

ai 



)(
8

)(
2

2

, 



  g

hn

I
W

sp

ei 

)(
8

)(
2

2





 g

n sp

e 

)(
8

)(
2

2

1

2 



 g

ng

g

sp

a 
e

g

g


1

2




 

h

I
W e

ei  )(,




 

h

I
W a

ai  )(,

850 900 950 1000 1050 1100 1150
0.0

0.5

1.0

1.5

2.0

2.5

C
ro

s
s
 s

e
c
ti
o

n
 [

 x
1
0

2

4
 m

2
]

Wavelength [nm]

)(
8

)(
2

2

1

2
, 




  g

hn

I

g

g
W

sp

ai 



Volume

P
hWNWN aiei )( ,1,2 


 




INN

dz

dI
e

e

a )( 12 

zeIzI )()0()( 
 

e

e

a NN 



 )()( 12 

012  NN
e

a





850 900 950 1000 1050 1100 1150
0.0

0.5

1.0

1.5

2.0

2.5

C
ro

s
s
 s

e
c
ti
o

n
 [

 x
1
0

2

4
 m

2
]

Wavelength [nm]

012  NN
e

a













 

h

I
W

h

I
W a

ai
e

ei  )(,)( ,,


