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, apply week coupling condition :
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Later we will examine gain and loss
, refractive index

from this result -
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Refractive Index :

We know Er = HX = ni

Assume X is small
,

then :
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'
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We are interested in the
imaginary part :

because it  is connected with
gain

and loss
.
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wave :
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If the
gain

is small
,

then we can expand Taylor series
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.

with travelling distance
.
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glow ) is the
gain .

and
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To make
optical amplifier , or laser

,

we need to

maintain ON Lt ) > o
.
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Laser : We are one step away from

1¥:

' " "

'
" in

'

-

mirror
L

Let Z be the distance of photon travel ( not physical
location)

.

For example , if a photon is reflected to times in

the
cavity , then 2-  = lol .

Let's define photon flux : S -

- d- Eottlyhw .

Why use photon instead of IET ?

Because when one photon is emitted
,

ON must reduce I

v



doff = dR = glow ) s - Ies
Lots

of the
cavity .

e.
g . light lead through mirror

.

Let Z  = t . C convert to time domain :

coats = g coms - of

⇒
doff =

c. gloms - IS

doff = c. gloms - Is .

Easy
to see : c. glow ) - to > o ;

then 0¥ so
.

photon number will
keep growing

: Laser
.

Then when S stop growing
?

Remember whenever a photon is emitted
,

ON has to

reduce 2
.

Then ON reduce
, g
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,

and finally
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- state c. gum - ta

-

- o
. 0¥ -
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Now we need to construct equation of motion

for
ON it )



Because of pumping ,

we can define IN as the

population inversion when there's no

cavity ,

no laser
.

And when ON deviate from IN
,

ON will slowly decay to 5N
.

A
good example

is
spontaneous

emission of an atom
,

where OTV= o

And : dot ON =  - =p
,

ON
.

: Solution is
exponential decay

.

Similarly ,
we will have :
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.
.

Another effect to consider is laser
.

When one photon B

emit
, ow must change by

2 ( Nz decreases ,I,
N

,
increases by D

So :
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And from previous
class

,
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g
'
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Laser
equation

:
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What's the
steady

state solution ?
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This is the number of photon in
your

laser
.

TNT
,

Sf
.

: pump harder

19
,

59 : better
cavity quality

g 'T
,

Sf : better
gain

material
.

Typical laser evidence :

Threshold

men !
laser
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Some final touch .

Is laser robust ?

In another word
, if we add a little noise to the

steady
state Ss

,

will Sst Noise return to Ss or will it start to

deviate from Ss ?

This is called stability analysis .
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Notice for steady stale Ss
,
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'
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In addition :
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'

. s
'

is much smaller than other term
.



So :
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Solve it :
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the first equation
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:

ZION '

toothy
,

at . ON
'+2dg"
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It's the same form
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'
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This is the same equation
as a harmonic oscillator with

drag
mdrx

§ my ]

* ma =  
- Kx - t.gg

⇒ data t Im .dxqtkx=o .

This
system gives energy away ,

X will slow down and
stop eventually.

because of the drag .
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.
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.
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for Tica I fast gain relaxation , slow cavity photon decay ) ; Ici ;
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Direct decay .

No oscillation at all
.
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So the laser is robust to
perturbation .


