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In the case of ray p, with input slope L and,exits parallel
J

to the axis, ,; -- 0

rzB : o : 
+?rB)+ 

Drro ; rto=rrp I f
Therefore D - 1

The other ray,

--A

-

The ray matrix of a lens,
( 1 o)

,:l_l ,ltf )
Note: The determinant T is unitY'

Ontical cavities
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This can be represented by an equivalent lens waveguide

system.

Unit cell

Transmission matrix of a unit cell

-Product of 2 matrices

Writing from right to left,
( | d )f t d

':[+ u-1,][ ; u-1,
a

Generally, it is better to find the second-order difference

equation'for the ray as it passes the various planes of the

succeeding unit r.il ur it makes successive round-trips

through the cavitY.
1

L+r = Ar, + Br, or i, = i(/,*r - 
A',)

Slope,

],,,,



r,*, = cr, + Dr, and given 
',*, 

= |l',*' - 
Ar'*t)

Substituting Yields

r,u--Cr,*|{\u
1 for a comPlete roundtriP in anY

Noting that AD-BC =
cavity leads to:

- Ar,)

,,-r-2(T)r,*, +r, =o (8.4)

(Does 8.4 f,ave solutions in which the magnitude of r is less

than some max value?)

iiv.t,,tt. ray is bounied along the lens-waveguide'

iiit" t"v i, unborrded, it wilGventually.become big that it

willmissoneofthecomponents(minors)andthuswalk
off the mirror.

Note:TheABCDmatrixrelatesthe2planess*ltosbut
i.ff. V"u nothing about the trajectory of the ray'

Solution of (8.a)

Assume r, -ro(eio)'
= roei'o (8.5)

(r must be real.Two solutions, whose combination yields a

real answer)
Substitute (8.5) into (8.4)

roei,oys2io -214!21"'0 + 1l = o



r, is set by the initial conditions - cannot be set equal to 0

Therefore quantity in [. . .] must be zero

i.e quadratic equation in eio

Two solutions are,

eju -rytitl -tAlDl'li
If all the quantities in (8.7) arc real, then the solutions are

complex conjugates.The solutions are,

T, = Yoej" + rir- j"

oR n =r^*sin(sg + d) (8'8)

8.3 Stabilitv

It is sufficient fo, 
A *- D 

to be less than 1, so that 0 be real
2

and have a bounded solution (as in 8'8)

General condition for stabilitY

-1<(cos o-AlD)<1 (8.9)
2/

By adding 1 to this equation

A+D+1o<(4)<1 (stable) (8.10)'4
For the case of sPherical cavitY,

A+D+z_1r, _d _d.+(t_ 4lfr-4>*zl44'frf,J'Jt
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1- ---L-- 'I 2f, 2f, 4f,.f,
sd

=(1-'Xl-:=)\- 2.fr,. 2fr.
(g') Gr)

The stability condition can be written as

0 3 grg, <l (8' 1 1)

d
WherebY g,,r=l-;- (8'12)

l\1,2

8.5 Unstable Resonator

The unstable region is described by the condition:

tA+ 
D\' ,l unstable (8'13)

tt--'2
-normally we avoid operating in this regime

However,
Resonators operating in the unstable have become useful

for high-gain laser systems (i'e the rays that walk-off the

mirrors -> as outPut)


