Tentative Schedule:

Date Module Topics
1 Aug. 25 (Mo) ™Module 1. Spontaneous Introduction, Spontaneous 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. PH581 Ch.1 problems 1.4,
1.6 & 1.8 due Sep.3 before class
Sep- 1 (Mo) No L.abor 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)

s Sep- 10 (We) Optical Frequency Amplifiers (Ch. 2.5-2.10) Homework 2:
PHA481 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
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

o Sep. 24 (We) Module 4. Passive Exam 1 problem solving. Passive Optical Resonators —

Optical Resonators I_ecture Notes

10 Sep. 29 (Mo) Passive Optical Resonators — Lecture Notes.

11 Oct. 1 (We) Passive Optical Resonators — Lecture Notes. Physical
significance of x> and x’> (Ch.2.8-2.9). Homework 3: read
Ch.2 & notes. Work out problems (sece Canvas). Due Oct. 8

12 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. Due 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. Duec 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
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 Lasers

23 Nov. 12 (We) Modulel O. Molecular Molecular Gas lasers I (Ch. 9.1-9.5)

24 Nov. 17 (Mo) Gas Lasers 1 Molecular Gas lasers I (Ch. 9.1-9.5) Homework 8 (see
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 (4:15-6:4S5Spm) 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 |

PH481/581-VT1 (Mirov)

Lecture 3. Chapter 1 problem solving

Fall 2025
C. Davis, “Lasers and Electro-optics”



Phase velocity, group velocity, refractive index, group refractive index - definitions
The phase velocity of light is the velocity with which phase fronts propagate in a medium. It is related to the wavenumber k
and the (angular) optical frequency w: &

Vo =
k
In vacuum, the phase velocity is ¢ = 299 792 458 m/s, independent of the optical frequency, and equals the group velocity.
In a medium, the phase velocity is typically smaller by a factor n, called the refractive index, which is frequency-dependent
In the visible spectral region, typical transparent crystals and optical glasses have refractive indices between 1.4 and 2.8.
Semiconductors usually have higher values.

The group velocity of light in a medium is defined as the inverse of the derivative of the wavenumber with respect to

angular optical frequency: %Y 5 0
v =(—j 20(—(6011(60))) - - - °
¢ \ow ow on  n (o)

n(w)+o—
0]

Field strength 4

Carrier-envelope phase (CEP) ¢

Field envelope

where n(w) is the refractive index and n, is called the group index.
Time

The group velocity is the velocity with which the envelope of a pulse propagates ERLE LEl

in a medium, assuming a not too short pulse with narrow bandwidth (so that higher-order
chromatic dispersion is not relevant) and the absence of nonlinear effects (i.e., low enough optical intensities). Concerning
the spatial shape, plane waves are assumed.

Due to chromatic dispersion, the group velocity in a medium is in general different from the phase velocity (typically smaller
than the latter), and it is frequency-dependent; this effect is called group velocity dispersion. The difference between group
velocity and phase velocity also changes the carrier—envelope offset of the pulse.

In analogy with the refractive index, the group index can be defined as the ratio of the group velocity in vacuum to the group
velocity in the medium. 3
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Laser Physics |
PH481/581-VTA (Mirov)

Optical Frequency Amplifiers

Lectures 3-5 chapter 2

Fall 2025
C. Davis, “Lasers and Electro-optics”



Optical Frequency Amplifiers
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Homogeneous Line Broadening
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Inhomogeneous Broadening
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Homogeneous Line Broadening
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Inhomogeneous Broadening
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Optical Frequency Amplification with a Homogeneously
Broadened Transition

Cor Srter ;QMM Czse o Aoy HAhe HAewonocllheorrtairc
28y i on ][f'e/a’ ausf Fhe Cenvrier fﬂ!f(&é’ﬁ% 0/ Hdeg
labinsbtor e M;: Ahe Soull.
_f'm‘s'.ﬁ . 74E’Z'nCuﬂu 4 PRI s
f“e‘(a’ IRyl el }&%
o) th o horcoplieots
4P

R have Comfer ﬁze » <3
Y rS a;;é«'hvfé : 2 's

Fhe cblos€R 3 ;g S P’ Ak aser Ahe O/{){ﬁ{#h’,{agj
- e ’ .

- e uernben <f sk recelarer ;624.;: e Aok
M. = M B PG (1

(ZAray) 2 _ A2 4
> ) - - — = = =
0?/’ o /+ _4.2(1/-)")/,:1»’.7Z 1/"—\1;! f‘:/_—- rA.-
P ;, (—'}"”y) - AOW}?W‘% 4-{’( 5 12“7“ _,71!"/’”/‘0‘ \%/-ﬂ.é'ﬁ‘d

Cxcelet afor can ;/HHAERCH wehl 2 };w;wclﬁ.ob:fqﬁc
Zﬁaﬁi&(:aa’?'ah Alia g O LElinPS JAs o sregfl reolce «5/‘(%5?

L4



- 45 Hhe toaite PHRSS-ES S RoceP b4 e me,&uf ;: A 9 Locos

see Kl LS/ fi Hhe = o Hermreelfomp CrtrssrowsS “Seteols
J—&e 2 o MS&f(}‘)o‘rs‘
= fAe chege CretenSsty T — o 7‘2:::4:
a el .S—énae o B Shrowr/ ¥ Heas s
AT, = B St enniS- B oA A& | L ofa =
- L oAtleriwE
- B B — M B (W) AN
e la s o <
o stk Ei e SHAE 4 . ’
e e T2t 4y.g > A2
wear f & ;,z—”’)aaréws Z
ZF - () G P L
Sﬁbﬁ‘oh /-Z = (0) - d"(“’)z / A’A(J(J__,Jqf
27~ 7 =
A = %~ L"”J&—,;;/nq
Cross SeCtIOIl of emission o =
o /‘73 & > —;5;2'" &——//70 lja
e Jzey @ a/jz%c_afe Vi

A21

——58(.v)

25



}71 o f A e - a"‘(
Ahave el aLSORpPHArO N o
Alhe rForceleced™ pRa s e 3504

foe a £
A 22
e 3 , &

e Late

Foe ~
/2 T#7

)= Sralt o

P Hbhep 7128 i;—ar'&%ﬂzb@

— 42z 74_& s P %‘;4/
rno PO :4'¢4'V<J¢/'4-
e —/ea?o&ﬂe 2 v R e LR

S LDy

S
- TS IS e

%W’ WP NI

o AR S

s 2 £l I EE ,?

: ; ; o .
“ - %‘Qjom@zw Loteer SE- O

% »e 77 e SIS , e3>
sz's U@e;z N 2

wre Al

-
ol Sy 7 2

}z‘_?’z&c 4

e HAhepre < 7o & cCvo ety ,BJQ.FP
WJMJ/LI/.b &4)(2?% FZe f'haafg,,f el 2l

26



The Stimulated Emission rate in a Homogeneously
Broadened Transition
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Optical Frequency Amplification with Inhomogeneous Broadening
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Optical Frequency Oscillation - Saturation
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Power output from a laser amplifier
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gain 13 dB (.e.,

A homogenecously broadened optical amplifier with a small-signal
G, (dB)=10log[lou/Lin]) is irradiated with a wave with intensity of 3W/cm?. The output intensity is

30 W/em?.
(a) What is the saturation intensity?
(b If the saturation intensity were 20 W/cm?, what is the maximum power (per unit area)
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Inhomogeneous system
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The electron oscillator model of a radiative transition
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