Quiz 4: Scattering Matrices and Fabry-Perots
February 18, 2026
Lasers and Optomechanics

Name: Cvairq Cahillane

General Scattering Matrix

In class we discussed a 2 x 2 general scattering matrix S. If we assume the scattering matrix is
1. unitary, and

2. time-reversable,
we can write the general scattering matrix as
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where 7 € [0, 1] and ¢, 6 € [0, 27].

Write the parameters 7, ¢, 6 needed to express the following matrices:
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Laser Amplifier Scattering Matrix

1. Write a scattering matrix for a single-pass laser amplifier with power gain G and length L.
2. Which assumption about scattering matrices made above would no longer be valid?
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Intracavity field vs Input Laser Frequency
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Two Cavities Swept by One Laser
In the above figure, two cavities A and B are swept by the same laser with frequency offset v. The
intracavity fields are plotted during this sweep. For the below questions, recall the following equations,

Pin=1w Pov 11 (2)
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where ¢ is the round-trip phase.
A: 300 MHz
1. What is the free spectral range FSR for the two cavities? g+ 200 MHz

<
2. Which cavity has the longer length, A or B? 8 t's loujcr , begause FSR= 20 and FSRg < FSK,

. FsK 300 MHZ
3. What is the finesse F for cavity A? F = FWHA = “somAz = 4

4. Assuming the cavities are critically-coupled, what is the power transmission 7' = 2 of the mirrors?

dE
5. Calculate the discriminant of the intracavity field with respect to the round-trip phase ¢: d;av.

6. Draw the phasor for cavity B on the plot on the next page.
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7. Is the discriminant purely a magnitude change, a phase change, or a mixture of both at resonance?
What about in general?

evaluated at resonance ¢ = 0.

Draw the vectors for E.,, and its discriminant
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Power Transmission

T=t* to v cm"tlcmuj courlc& c:v:'t'j (V‘, =r,= V‘)
. . cav -
Cav.ty A ‘Enaxl: ZJ\"/ ’ Pin =1 occurs at resonace ¢ =0

Ecuv €, ) 1, +t
Ein Peo ,-ru"ae ‘ g =0 "V‘,V‘,_ Foery I‘V‘z
t={l-vt = 1t =|-"
Emv +
pE—— = — . -_l— = - 4 - -'_
Ein g=0 - = 2 = t= 2 => T= Y

GV A v
Cavity B ! [ES

Ew | _ | 4 —
/Eih!‘wh> t = = = 3 = Z

= 3.[\*_/; Ein= lm

5. Discriminant of E“w . d Ecav

d g
Ewve=t, (l=rve*)

d E.av ‘ . ¢
W;—: 't,(‘l)(l-y.y}.e-'?{) 1(-&“,7‘,_6 ¢)<_")
d E cav e :_.l"f, V‘,V‘J_€§1'¢

(l -, v, &”iﬁ)z

dp
E

Critically sc“vi’cjﬁ l
Ew»l:acle_ = colaled Valuwes
a &‘1_ haet L‘ '(.,Y‘ v
ig [ = el o _irie et 2 (3/4)
esonance =0 - — - - - = = __{___
-r—__.__"—_ # (,_'.",.L)Z _t‘ E-cu.v(¢ 0) L t Ecav,o __‘__t(,l/3)(/q/)



