Tentative Schedule:

Date Module Topics
1 Aug. 25 (Mo) Module 1. Spontaneous Introduction, Spontanceous and Stimulated Transitions (Ch. 1)
2 Aug. 27 (We) and Stimulated Spontaneous and Stimulated Transitions (Ch. 1) Homework
Transitions 1: PH481 Ch.1 problems 1.4 &1.6. PHS581 Ch.1 problems 1.4,
1.6 &£ 1.8 due Sep-3 before class
Sep- 1 (Mo) No Labor Day Holiday
classes
3 Sep. 3 (We) Module 2. Optical Optical Frequency Amplifiers (Ch. 2.1-2.4) Problem solving
Frequency Amplifiers for Ch.1

4 Sep- 8 (Mo) Optical Frequency Amplifiers (Ch. 2.5-2.10)

5 Sep. 10 (We) Optical Frequency Amplifiers (Ch. 2.5-2.10) Homework 2:
PH481 Ch.2 problems 2.2 (a.b), 2.4 & 2.5 (a.,b). PH581 Ch.2
problems 2.2 (a.b), 2.4 & 2.5 (a.b.,c.d) due Sep.-22 before class

6 Sep. 15 (Mo) Module 3. Introduction to Problem solving for Ch.2 Introduction to two Practical Laser

two practical Laser Systems

Svystems (The Ruby Laser, The Helium Necon Laser) (Ch. 3)
7 Sep- 17 (We) Review Chapters 1 & 2
S8 Se 22 (Mo Exam 1 Over Chapters 1-3: Grades for exam 1

Oct. 13 (Mo) ™Module 6. Laser I aser Radiation (Ch. 5.1-5.4)
Radiation
15 Oct. 15 (We) Module 7. Control of Control of Laser Oscillators (6.1-6.3) Homework 5: Ch. 5
Laser Oscillations problems 5.1 and 5.5. Due Oct 29.
16 Oct. 20 (Mo) Control of I aser Oscillators (6.4-6.5) and exam 2 review
17 Oct. 22 (We) Module 8. Optically Optically Pumped Solid State Lasers (7.1-7.11)
18 Oct. 27 (Mo) Pumped Solid State Optically Pumped Solid State Lasers (7.1-7.11)
L asers
19 Oct. 29 (We) Exam 2 Over Chapters 4-6 Grades for exam 2
Exam 2 correct solution; Homework 6 Due Nov.5; sece
Canvas including article on Cr:CdSe
20 Nov. 3 (Mo) Module 8. Optically Optically Pumped Solid State Lasers (7.14-7.15)
21 Nov. 5 (We) Pumped Solid State Optically Pumped Solid State Lasers (7.16-7.17) Homework
I_asers 7 (see Canvas) Due Nov. 17
22 Nov. 10 (Mo) Module 9. Spectroscopy Spectroscopy of Common Lasers and Gas Lasers (Ch. 8.1-
of Common Lasers and 8.10)
Gas ILasers
23 Nov. 12 (We) ModulelO. Molecular Molecular Gas lasers I (Ch. 9.1-9.5)
24 Nov. 17 (Mo) Gas Lasers I Molecular Gas lasers I (Ch. 9.1-9.5) Homework 8 (sece
Canvas) Due Dec. 1
25 Nov. 19 (We) ™Module 11. Molecular Molecular Gas Lasers I (Ch. 10.1-10.8) and review for exam
Gas Lasers 11 3 (Ch. 10.1-0.8) Homework 9 (see Canvas) Due Dec. 1
Nov. 24 (Mo) No Thanksgiving - no classes held
classes
Nov.26 (We) No Thanksgiving - no classes held
classes
26 Dec. 1 (Mo) Exam 3 Over Chapters 7-10 Grades; Exam 3 Correct solution
27 Dec. 3 (We) Review for Final
28 Dec. 8 (We) in FINAL EXAM Over Chapters 1-10 (4:15-6:45pm) in ESH
ESH 3160 3160 Final Grades




Tentative Schedule:

		

		Date

		Module

		Topics



		1

		Aug. 25 (Mo) 

		Module 1. Spontaneous and Stimulated Transitions

		Introduction, Spontaneous and Stimulated Transitions (Ch. 1) 



		2

		Aug. 27 (We) 

		

		Spontaneous and Stimulated Transitions (Ch. 1)  Homework 1: PH481 Ch.1 problems 1.4 &1.6. PH581 Ch.1 problems 1.4, 1.6 & 1.8 due Sep.3 before class



		

		Sep. 1 (Mo) No classes 

		



		Labor Day Holiday



		3

		Sep. 3 (We) 

		Module 2. Optical Frequency Amplifiers

		Optical Frequency Amplifiers (Ch. 2.1-2.4) Problem solving for Ch.1



		4

		Sep. 8 (Mo) 

		

		Optical Frequency Amplifiers (Ch. 2.5-2.10)  



		5

		Sep. 10 (We) 

		

		Optical Frequency Amplifiers (Ch. 2.5-2.10)  Homework 2: PH481 Ch.2 problems 2.2 (a,b), 2.4 & 2.5 (a,b). PH581 Ch.2 problems 2.2 (a,b), 2.4 & 2.5 (a,b,c,d) due Sep.22 before class



		6

		Sep. 15 (Mo) 

		Module 3. Introduction to two practical Laser Systems

		Problem solving for Ch.2 Introduction to two Practical Laser Systems

(The Ruby Laser, The Helium Neon Laser) (Ch. 3) 



		7

		Sep. 17 (We) 

		

		Review Chapters 1 & 2 



		8

		Sep. 22 (Mo) 

		

		Exam 1 Over Chapters 1-3; Grades for exam 1 



		9

		Sep. 24 (We) 

		Module 4. Passive Optical Resonators

		Exam 1 problem solving. Passive Optical Resonators – Lecture Notes



		10

		Sep. 29 (Mo) 

		

		Passive Optical Resonators – Lecture Notes.



		11

		Oct. 1 (We) 

		

		Passive Optical Resonators – Lecture Notes. Physical significance of ’ and ’’ (Ch.2.8-2.9). Homework 3: read Ch.2 & notes. Work out problems (see Canvas). Due Oct. 8



		12

		Oct. 6 (Mo) 

		Module 5. Optical Resonators Containing Amplifying Media

		Optical Resonators Containing Amplifying Media (4.1-2). 



		13

		Oct. 8 (We) 

		

		Optical Resonators Containing Amplifying Media (Ch.4.3-4.7)  Homework 4: Ch. 4 problems 4.7 and 4.9. Due Oct 15.



		14

		Oct. 13 (Mo) 

		Module 6. Laser Radiation

		Laser Radiation (Ch. 5.1-5.4)



		15

		Oct. 15 (We) 

		Module 7. Control of Laser Oscillations

		Control of Laser Oscillators (6.1-6.3)  Homework 5: Ch. 5 problems 5.1 and 5.5. Due Oct 29.



		16

		Oct. 20 (Mo) 

		

		Control of Laser Oscillators (6.4-6.5) and exam 2 review



		17

		Oct. 22 (We) 

		Module 8. Optically Pumped Solid State Lasers

		Optically Pumped Solid State Lasers (7.1-7.11)



		18

		Oct. 27 (Mo) 

		

		Optically Pumped Solid State Lasers (7.1-7.11)



		19

		Oct. 29 (We) 

		

		Exam 2 Over Chapters 4-6 Grades for exam 2

Exam 2 correct solution;  Homework 6 Due Nov.5; see Canvas including article on Cr:CdSe



		20

		Nov. 3 (Mo) 

		Module 8. Optically Pumped Solid State Lasers

		Optically Pumped Solid State Lasers (7.14-7.15) 



		21

		Nov. 5 (We) 

		

		Optically Pumped Solid State Lasers (7.16-7.17)   Homework 7 (see Canvas) Due Nov. 17



		22

		Nov. 10 (Mo) 

		Module 9. Spectroscopy of Common Lasers and Gas Lasers  

		Spectroscopy of Common Lasers and Gas Lasers  (Ch. 8.1-8.10)



		23

		Nov. 12 (We) 

		Module10. Molecular Gas Lasers I

		Molecular Gas lasers I  (Ch. 9.1-9.5)



		24

		Nov. 17 (Mo) 

		

		Molecular Gas lasers I  (Ch. 9.1-9.5)  Homework 8 (see Canvas) Due Dec. 1



		25

		Nov. 19 (We) 

		Module 11. Molecular Gas Lasers II

		Molecular Gas Lasers II  (Ch. 10.1-10.8) and review for exam 3 (Ch. 10.1-0.8) Homework 9 (see Canvas) Due Dec. 1



		

		Nov. 24 (Mo)  No classes

		

		Thanksgiving - no classes held



		

		Nov.26 (We) No classes

		

		Thanksgiving - no classes held



		26

		Dec. 1 (Mo) 

		

		Exam 3 Over Chapters 7-10 Grades; Exam 3 Correct solution



		27

		Dec. 3 (We) 

		

		Review for Final



		28

		Dec. 8 (We) in  ESH 3160

		

		FINAL EXAM Over Chapters 1-10 (4:15-6:45pm) in ESH 3160 Final Grades








LASER PHYSICS I PH 481/581-VT1 (MIROV)
Exam I (09/22/25)

STUDENT NAME: STUDENT id #:

Opened textbook and notes

PH S81 ALL QUESTIONS ARE WORTH 50 POINTS. WORK OUT ANY 3 PROBLEMS
OUT OF 6.

PHA481 ALL QUESTIONS ARE WORTH 75 POINTS. WORK OUT ANY 2 PROBLEMS
OoOuUT OF 6

NOTE: Clearly write out solutions and answers (circle the answers) by section for each part (a., b., c., etc.)

1. The Nd: YAG 1.06 nm laser transition has, to a good approximation, a Lorentzian shape of width
(FWHM) — 195 GHz at room temperature. The measured upper state lifetime is =230 us, the
fluorescence quantum yield 77 of the laser transition is— 0.42, and the YAG refractive index is
1.82. Calculate the peak transition cross-section. (Hint: the spontaneous, measured lifetimes and

_ T,
77

quantum yield of the transition are related as follows: 7

spont

For Lorentzian shape transition the cross section of emission is described by

the following equation:

2
_ co Ay, . 7TAV
7> 8cv> 2 — 2’
1+ |:(v Yo ):|
AV
where 4,, = 1 _n ., where 7 is measured lifetime of the upper laser level and
2

spont

77 is fluorescence quantum yield.

c, is speed of light in vacuum; 7 is index of refraction of YAG crystal

v is frequency of Nd: Y AG transition; v = Cﬂ.’: >, where A4 is wavelength of Nd: Y AG transition

Av is FWHM of the Nd: Y AG transition

Since Nd: Y AG operates at central frequency, v = v, the value of Lorentzian lineshape function

2
will be v o,v)=
g(v.-v) 7TAV
Hence, the cross-section of emission for central frequency will be described by the following equs
A277 (1.06 <10 *cm?)-0.42

T T AP Ay A4221.822 (230=<10°5)(190=<10° FH=)

=8=<10""'"?cm?



LASER PHYSICS I PH 481/581-VT1 (MIROV)

Exam I (09/22/25)



STUDENT NAME: ________________________STUDENT id #: ___________________________

--------------------------------------------------------------------------------------------------------------------------------------------

Opened textbook and notes 







PH 581 ALL QUESTIONS ARE WORTH 50 POINTS. WORK OUT ANY 3 PROBLEMS OUT OF 6.

PH481 ALL QUESTIONS ARE WORTH 75 POINTS. WORK OUT ANY 2 PROBLEMS OUT OF 6

------------------------------------------------------------------------------------------------------------------------------------------

NOTE: Clearly write out solutions and answers (circle the answers) by section for each part (a., b., c., etc.)



1. 

The Nd:YAG 1.06 µm laser transition has, to a good approximation, a Lorentzian shape of width (FWHM) ~ 195 GHz at room temperature. The measured upper state lifetime is =230 µs, the fluorescence quantum yield  of the laser transition is~ 0.42, and the YAG refractive index is 1.82. Calculate the peak transition cross-section. (Hint: the spontaneous, measured lifetimes and quantum yield of the transition are related as follows:).

=====================================================================
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2 Consider the energy level scheme shown below. Atoms are raised from level O to level 2 at a
pump rate R,. The lifetime of levels 1 and 2 are z; and 7, respectively. Assuming that the ground
state is not depleted to any significant extent and neglecting stimulated emission:

i) Write the rate equations for the population densities, V; and N: of levels 1 and 2, respectively.

(ii) Assuming that levels 1 and 2 have the same degeneracies, position of level 1 is much higher
than k7, 7 and z= 1 us, and R, =10?° ecm™ s! find steady state populations in 2 and 1. Is
steady state population inversion feasible?

(ii1) Calculate N> as a function of time if N>=0 at —=0. gg
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3. Calculate the total stored energy in a 100 cm’ box that lies within a bandwidth AA=10 nm

centered at A=10600 nm at a temperature of 6000K.
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4. A krypton ion laser emits 0.5W of power at 647.1 nm in a 2-mm diameter beam. What would be
the effective blackbody temperature of the output beam of that laser radiating over the frequency
width of the laser transition, given that the laser linewidth is approximately one fifth of the
Doppler linewidth (the atomic mass of Krypton is 36)? Assume that the laser is operating at a
krypton gas temperature of 1500 K and that the laser output is uniform over the width of the

beam.
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When a signal of intensity 3.0 kW/m? is applied at the input of an amphﬁer of a length of 10 m
with a homogeneously broadened transition, the output signal 1ntens;ty is 36 kW/m?. When the
output signal is reduced to 1.0 kW/m?, the output is 20 kKW/m?. Calculate the value of the

saturation intensity of the a.rnpl:ﬁer and the small signal gain coefficient.
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6. The spontaneous emission profile from a certain transition can be approximated by the
shape shown below.

0.080 eV

If the spontaneous lifetime were S ns and the gain coefficient were 10 cm ', find

a) The value of the line shape function (in sec) at Awe—1.476 eV
b) The inversion necessary to obtain that gain coefficient.
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Tentative Schedule:

Date

Module

Topics

[

Aug. 25 (Mo)

Module 1. Spontaneous

Introduction, Spontaneous and Stimulated Transitions (Ch. 1)

2 Aug. 27 (We) and Stimulated Spontanceous and Stimulated Transitions (Ch. 1) Homework
Transitions 1: PH481 Ch.1 problems 1.4 &1.6. PHS581 Ch.1 problems 1.4,
1.6 & 1.8 due Sep-3 before class
Sep- 1 (Mo) No Labor Day Holiday
classes
3 Sep. 3 (We) Module 2. Optical Optical Frequency Amplifiers (Ch. 2.1-2.4) Problem solving
Frequency Amplifiers for Ch.1

4 Sep.- 8 (Mo) Optical Frequency Amplifiers (Ch. 2.5-2.10)

5 Sep.- 10 (We) Optical Frequency Amplifiers (Ch. 2.5-2.10) Homework 2:
PH481 Ch.2 problems 2.2 (a.b), 2.4 & 2.5 (a.b). PHS581 Ch.2
problems 2.2 (a.b), 2.4 & 2.5 (a.b.c.d) due Sep.-22 before class

6 Sep. 15 (Mo) Module 3. Introduction to Problem solving for Ch.2 Introduction to two Practical Laser

two practical Laser Systems

Svystems (The Ruby Laser, The Helium Neon Laser) (Ch. 3)
7 Sep. 17 (We) Review Chapters 1 & 2
8 Se 22 (Mo Exam 1 Over Chapters 1-3: Grades for exam 1

Oct. 6 (Mo) Module 5. Optical Optical Resonators Containing Amplifying Media (4.1-2).
13 Oct. 8 (We) Resonators Containing Optical Resonators Containing Amplifying Media (Ch.4.3-
Amplifying Media 4.7) Homework 4: Ch. 4 problems 4.7 and 4.9. Duec Oct 15.
14 Oct. 13 (Mo) ™Module 6. Laser Laser Radiation (Ch. 5.1-5.4)
Radiation
15 Oct. 15 (We) Module 7. Control of Control of Laser Oscillators (6.1-6.3) Homework 5: Ch. 5
L aser Oscillations problems 5.1 and 5.5. Due Oct 29.
16 Oct. 20 (Mo) Control of Laser Oscillators (6.4-6.5) and exam 2 review
17 Oct. 22 (We) Module 8. Optically Optically Pumped Solid State Lasers (7.1-7.11)
18 Oct. 27 (Mo) Pumped Solid State Optically Pumped Solid State Lasers (7.1-7.11)
ILasers
19 Oct. 29 (We) Exam 2 Over Chapters 4-6 Grades for exam 2
Exam 2 correct solution; Homework 6 Due Nov.5; see
Canvas including article on Cr:CdSe
20 Nov. 3 (Mo) Module 8. Optically Optically Pumped Solid State Lasers (7.14-7.15)
21 Nov. 5 (We) Pumped Solid State Optically Pumped Solid State Lasers (7.16-7.17) Homework
ILasers 7 (see Canvas) Due Nov. 17
22 Nov. 10 (Mo) Module 9. Spectroscopy Spectroscopy of Common Lasers and Gas Lasers (Ch. 8.1-
of Common Lasers and 8.10)
Gas IL_asers
23 Nov. 12 (We) ModulelO. Molecular Molecular Gas lasers I (Ch. 9.1-9.5)
24 Nov. 17 (Mo) Gas Lasers I Molecular Gas lasers I (Ch. 9.1-9.5) Homework 8 (sece
Canvas) Due Dec. 1
25 Nov. 19 (We) Module 11. Molecular Molecular Gas Lasers IT (Ch. 10.1-10.8) and review for exam
Gas Lasers 11 3 (Ch. 10.1-0.8) Homework 9 (sece Canvas) Due Dec. 1
Nov. 24 (Mo) No Thanksgiving - no classes held
classes
Nov.26 (We) No Thanksgiving - no classes held
classes
26 Dec. 1 (Mo) Exam 3 Over Chapters 7-10 Grades; Exam 3 Correct solution
27 Dec. 3 (We) Review for Final
28 Dec. 8 (We) in FINAL EXAM Over Chapters 1-10 (4:15-6:45pm) in ESH
ESH 3160 3160 Final Grades
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Tentative Schedule:

		

		Date

		Module

		Topics



		1

		Aug. 25 (Mo) 

		Module 1. Spontaneous and Stimulated Transitions

		Introduction, Spontaneous and Stimulated Transitions (Ch. 1) 



		2

		Aug. 27 (We) 

		

		Spontaneous and Stimulated Transitions (Ch. 1)  Homework 1: PH481 Ch.1 problems 1.4 &1.6. PH581 Ch.1 problems 1.4, 1.6 & 1.8 due Sep.3 before class



		

		Sep. 1 (Mo) No classes 

		



		Labor Day Holiday



		3

		Sep. 3 (We) 

		Module 2. Optical Frequency Amplifiers

		Optical Frequency Amplifiers (Ch. 2.1-2.4) Problem solving for Ch.1



		4

		Sep. 8 (Mo) 

		

		Optical Frequency Amplifiers (Ch. 2.5-2.10)  



		5

		Sep. 10 (We) 

		

		Optical Frequency Amplifiers (Ch. 2.5-2.10)  Homework 2: PH481 Ch.2 problems 2.2 (a,b), 2.4 & 2.5 (a,b). PH581 Ch.2 problems 2.2 (a,b), 2.4 & 2.5 (a,b,c,d) due Sep.22 before class



		6

		Sep. 15 (Mo) 

		Module 3. Introduction to two practical Laser Systems

		Problem solving for Ch.2 Introduction to two Practical Laser Systems

(The Ruby Laser, The Helium Neon Laser) (Ch. 3) 



		7

		Sep. 17 (We) 

		

		Review Chapters 1 & 2 



		8

		Sep. 22 (Mo) 

		

		Exam 1 Over Chapters 1-3; Grades for exam 1 



		9

		Sep. 24 (We) 

		Module 4. Passive Optical Resonators

		Exam 1 problem solving. Passive Optical Resonators – Lecture Notes



		10

		Sep. 29 (Mo) 

		

		Passive Optical Resonators – Lecture Notes.



		11

		Oct. 1 (We) 

		

		Passive Optical Resonators – Lecture Notes. Physical significance of ’ and ’’ (Ch.2.8-2.9). Homework 3: read Ch.2 & notes. Work out problems (see Canvas). Due Oct. 8



		12

		Oct. 6 (Mo) 

		Module 5. Optical Resonators Containing Amplifying Media

		Optical Resonators Containing Amplifying Media (4.1-2). 



		13

		Oct. 8 (We) 

		

		Optical Resonators Containing Amplifying Media (Ch.4.3-4.7)  Homework 4: Ch. 4 problems 4.7 and 4.9. Due Oct 15.



		14

		Oct. 13 (Mo) 

		Module 6. Laser Radiation

		Laser Radiation (Ch. 5.1-5.4)



		15

		Oct. 15 (We) 

		Module 7. Control of Laser Oscillations

		Control of Laser Oscillators (6.1-6.3)  Homework 5: Ch. 5 problems 5.1 and 5.5. Due Oct 29.



		16

		Oct. 20 (Mo) 

		

		Control of Laser Oscillators (6.4-6.5) and exam 2 review



		17

		Oct. 22 (We) 

		Module 8. Optically Pumped Solid State Lasers

		Optically Pumped Solid State Lasers (7.1-7.11)



		18

		Oct. 27 (Mo) 

		

		Optically Pumped Solid State Lasers (7.1-7.11)



		19

		Oct. 29 (We) 

		

		Exam 2 Over Chapters 4-6 Grades for exam 2

Exam 2 correct solution;  Homework 6 Due Nov.5; see Canvas including article on Cr:CdSe



		20

		Nov. 3 (Mo) 

		Module 8. Optically Pumped Solid State Lasers

		Optically Pumped Solid State Lasers (7.14-7.15) 



		21

		Nov. 5 (We) 

		

		Optically Pumped Solid State Lasers (7.16-7.17)   Homework 7 (see Canvas) Due Nov. 17



		22

		Nov. 10 (Mo) 

		Module 9. Spectroscopy of Common Lasers and Gas Lasers  

		Spectroscopy of Common Lasers and Gas Lasers  (Ch. 8.1-8.10)



		23

		Nov. 12 (We) 

		Module10. Molecular Gas Lasers I

		Molecular Gas lasers I  (Ch. 9.1-9.5)



		24

		Nov. 17 (Mo) 

		

		Molecular Gas lasers I  (Ch. 9.1-9.5)  Homework 8 (see Canvas) Due Dec. 1



		25

		Nov. 19 (We) 

		Module 11. Molecular Gas Lasers II

		Molecular Gas Lasers II  (Ch. 10.1-10.8) and review for exam 3 (Ch. 10.1-0.8) Homework 9 (see Canvas) Due Dec. 1



		

		Nov. 24 (Mo)  No classes

		

		Thanksgiving - no classes held



		

		Nov.26 (We) No classes

		

		Thanksgiving - no classes held



		26

		Dec. 1 (Mo) 

		

		Exam 3 Over Chapters 7-10 Grades; Exam 3 Correct solution



		27

		Dec. 3 (We) 

		

		Review for Final



		28

		Dec. 8 (We) in  ESH 3160

		

		FINAL EXAM Over Chapters 1-10 (4:15-6:45pm) in ESH 3160 Final Grades








Laser Physics |
PH481/581-VT1 (Mirov)

Lectures 9-11. Passive Optical Resonators
chapter 4 and notes

Fall 2025
C. Davis, “Lasers and Electro-optics”
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Fabry-Perot Etalons and Interferometers
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A practical air-spaced Fabry-Perot Etalon
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Fabry-Perot Interferometer

This interferometer makes use of multiple reflections between two closely spaced partially
silvered/coated surfaces. Part of the light 1s transmitted each time the light reaches the second
surface, resulting in multiple offset beams which can interfere with each other. The large number
of interfering rays produces an interferometer with extremely high resolution.

Partially silvered When focused by a lens,
glass plates the interference fringes
| | ‘/ form concentric circles.
Fabry- | i Higher orders toward center
F‘EFDt i I - m + 1
etalon — y .
I } Condition for maximum
' _9 11 | | Multiple reflected 2dcos 0 =mA
Incident . rays are out of phase
light d by a constant increment,

increasing the sharpness
of the interference maximum.
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Fringe Profiles: The Airy Function
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It is important to realize that
the intensity is defined as the
amount of energy per unit
time going through an area
perpendicular to the beam,
while irradiance refers to
what amount of energy
arrives on a certain surface
with a given orientation.

"=+ == Theirradiance caused by a

laser beam, for example,
which hits a workpiece under
some angle B against normal
direction, is the beam

24‘7@(4'?‘4‘@ intensity times cos 6.
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Resolving Power
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Visualization of Both Spectrum Lines

input spherical wave
sodium D lines

@588.995nm & 589.592nm /—ﬁ

I3 10: Field in Front of Etalon F=n o I 11: Field on Focal Plane E=RECh
Chromatic Fields Set Chromatic Fields Set
field in front of field on the
the etalon focal plane

589.592nm




Fabry-Perot Interferometers as Optical Spectrum Analyzers
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Laser Physics |

PH481/581-VT1 (Mirov)

Optical Resonators Containing Amplifying Media
Lectures 12-13 chapter 4

Fall 2025
C. Davis, “Lasers and Electro-optics”
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Optical resonators containing amplifying media
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The amplitudes of the electric field vectors of the
successively transmitted amplified and reflected waves
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The oscillation frequency

7o R e P — e W 2t serhe— & TS
S ol % o »7 Pag™ > ] o Cocr 2 2 £y T e i~ AL £&

Cose e V7 =2y 4 OS Cv Aot 5 " >
(Era <22 = A2 ZF

22 4 2
2 - .
ce e Zosrcetec Lo b2 F e < ')L/(z/)—_-_ A(Vl/ i g )
¥ — M“W
Y — umg,&wler ,cg&*#

Z
=— il
& & . Kéﬁ:ﬂ /

> / N ¥ .. = P
— 2 P
£ ’w 1, 2 ¥ /}f—,.—-lff 47‘/(- ‘3,14/}/( ,47/'% 72-—6
P e e pe 2 //,g,,— 27 m <v Lo Lo o2 PITe2 & FMEL pE P

) <
e gt - 275 .7 e

g ( - » . g
)’ W — 2’(,) ). e ) p :
’ 52

” L

I
g<



.—71 OZ:O EPIE =& Z_/:Z'a.:: Y 2 —— e
L : Py Clit— 2 )
Y e tan
B e e
oap . Sl S gl — S
" Z U2 2 Fe= A
P
or. £ ~ g =
'____’////-—, — —
= s Ay”/z.
/V— Voow —C Var —¥Z2) o
A e Ve — oSerlllmiomny TReES ce we=zr I
Eocr 7S ShAfAc=r s-&jrl-/% Hocoral s P25
e 5 et Vol — ,00-( 77 3
Ll IS o Elm O by
Lela 4 2~ S o Gae e /DW‘( c:ec‘:‘.-eg
Cendee & Sy — A2
Ze g trct tecos @ Faor el Cat/c'? Ze SO R Ice <

k ;

53



Multimode laser oscillation
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Fig- 5.11. The Lamb dip —
a reduction in the intensity
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frequency is scanned
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Optimum coupling
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Class problem. A laser (A=2.09 um, c=1.15x102° cm?, t=8 ms) measured to have an
intensity of 100 W/cm? emerging from one end of the laser, which has two identical
mirrors each with transmission of 15%. The gain of the laser is also measured to be
0.5.

What is the loss parameter “A”” in the cavity?

What is the optimum output mirror transmission?

e e — —
a) out — K (1 A R) (7/0L —I—IIIR)
2 2 (1d—R)
hv 6.62x<10°*.1.435<10" KW
IS = —_— >0 3 :1.03 >
oT 1.15<10 -8x<10 cm
C 3x<10°%

=1.435x%<10'"* H=

A 2.09=<10°
R=0..85,7,=1000W /cm>; yp L =0.5
Everything is given. Let us find A4

100 1030 (1—A4—0.85) (0.5+1n 0.85)

2 2 (1—0.85)
50:515(0‘15_‘4).0.337; A4=0.107
T
by Use ~2t — (YL 4 (6 find T,
A A P

7, =A%t 4-0107 /-2 _0.107=0.124=12.4%
» A 0.107



Class problem. A laser (=2.09 m, =1.15x10-20 cm2, =8 ms) measured to have an intensity of 100 W/cm2 emerging from one end of the laser, which has two identical mirrors each with transmission of 15%. The gain of the laser is also measured to be 0.5. 

a) What is the loss parameter “A” in the cavity?

b) What is the optimum output mirror transmission?
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