Tentative Schedule:

D ate Module Topics
1 Aug. 25 (Mo) Module 1. Spontaneous Introduction, Spontanceous 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)
s 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
Systems The Ruby I.aser, The Helium Neon I_aser Ch. 3

S 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 (see Canvas). Duec 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)

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 Lasers

23 Nov. 12 (We) Modulel1O. 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 (sece
Canvas) Due Dec. 1

25 Nov. 19 (We) Module 11. Molecular Molecular Gas Lasers II (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




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
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Lecture 7. Review for chapters 1-3
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C. Davis, “Lasers and Electro-optics”



Problem. Find the relation between spontaneous emission lifetime and cross section
for a simple atomic transition.

Cross-section of emission at frequency v

c*A A2 o(v,v
o) = S gy, = e BV
87V, 8zn” T,

where A =c /v, 1s the wavelength (in vacuum) of an e.m. wave whose frequency

corresponds to the center of the line.

Equation (1) can be used either to obtain the value of o, when 7, 1s known,
or the value of 7, when o is known.

It o(v)1sknown, to calculate 7, from (1) we multiply both sides by
dv and integrate. Since j g(v)dv =1 we get:
A

¥ 8an’ ja(v)dv




Problem. Radiative lifetime and quantum yield of the ruby laser transition.

The R, laser transition of ruby has to a good approximation a Lorentzian shape of width (FWHM) 330 GHz at room
temperature. The measured peak transition cross-section is 6=2.5x10-2° cm?2. Calculate the radiative lifetime (the
refractive index is n=1.76). Since the observed room temperature lifetime is 3 ms, what is the fluorescence quantum yield.

ZA 2’2
From o(v) = C—zzlg(v,vo) = 2 g(v.v,) (1) we have
v rn T,

A g(,v) 2)

T =
¥ 8xn® o
For a Lorentzian lineshape at v =v_ we have
2
0) —
£(0) PNy

For A, = 694nm, we obtain from eq. (2) the
spontaneous emission lifetime (i.e. the radiative lifetime)

A7 2
= o— = 4.78ms
zn~ 7Av o

Z'Sp

Fluorescence quantum yield ¢ is defined as the ratio of
the number of emitted photons to the number of atoms

initially raised to the level 2

b= =0.625
T

7

where observed lifetime = given by

1 1 1
—_ — —+
T T T 4

r nr




Spectral radiancy

® Thermal radiation: The radiation emitted by a body as a result of temperature.

e Blackbody : A body that surface absorbs all the thermal radiation incident on
them.
® Spectral radiancy R_(v): The spectral distribution of blackbody radiation.

R, (v)dv : represents the emitted energy from a unit area per unit time
between V and y + dy at absolute temperature T.

T T T ]
2000 K
radiancy 3 1
R, = _[0 R, (v)dv %
eStefan’s law (1879): £ 1500°K i
R, =oT*,0=5.67x10"°W /| m*—°K* —_—
3 4

¥(10'*Hz)



Energy Density and Spectral Radiancy

. 8xv’ hv
® energy density between v and v+dv: pPr(V)=—73—x o VIKT _q
c _
pr(v)dv =—p, (A)dA
dv c| 8rzhc 1
:lpT A F—pr (V)E = Pr (V)? = 25 AT _q
dVv
Ex: Show 2y (V) =(4/c)R, (V) 3
. . dA-7 dAcos@ e
solid angle expanded by dA is Q2 = = > £
47r 47r R
spectral radiancy: i cosd /\‘?' i
R, (V)= [ o)AV (= 57 (dA- Ar) TV

= [, ag|; " a6]," o,

r*sin’ @dr
At

= ZPT(V)

c0s¢9 _>| A4 |<_



Stefan’s law

Ex: Use the relation R, (v)dv =(4/¢)p, (v)dvbetween spectral radiancy

and energy density, together with Planck’s radiation law, to derive

Stefan’s law R, = oT*,0 =22°k" /15¢°h’

© C > 272' ®© hV3
R, =_[0 RT(V)dV=ZIO pr(v)dv = I dv

27w (kT)* = X°

dx
cE hn e —1
4 4
=2725(kT3) T _ ot
c h 15
27°k?
—> 0 = >3
15¢°h

2 hv/kT
¢ Jo " 1

x=hv/kT

j:’ X le* =Ddx =7 /15

27°(1.38x107%)"

O =
15(3x10°%)*(6.63x107>*)’

=5.67x107°




Problem. Compute the radiation flux or power in watts coming from a surface of temperature 300K (near
room temperature) and area 0.02 m? over a wavelength interval 0.1 um at a wavelength of 1.0 um.

P (NAV = —p,(A)dA
c 8rhc 1

dv
= pr(A)=—pr (V)d—/l =pr(v) 2 o/ 2K |

c 27hc?
RT(ﬂ’QT) :Zp(ﬂ’) = 15 (ehc//lkT _1)

The total radiancy emitted from the blackbody surface within a specific wavelength
interval AA would then be expressed as

R, =R, (A, AALT)=R, (A, T)AL

Specific values of radiancy R, (A4,AA,T) in units of power per unit area (intensity)
can be obtained from the following empirical expression for

3.75x107% w
Rr(laT) 5

2 b
2 (80.0144//1T _1) m? - nm

where A4 in meters, AA in nanometers, and T in K. Remember that these expressions are

for the radiation into 2 steradian solid angle.

=25
P=R,.(A,T)AIAA = 3.75x10 x100%0.02 =1.06x 107

(0.00000 1)5 (80.0144/(0.000001><300) . 1)

We can see that at RT the power radiated from a blackbody within this wavelength

region is almost too small to be measurable.
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15(3x107)7(6.63x10™") m- K
for sun temperature 7' =5778K
R . =oT* =6.32><107K2
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Total power radiated by the sun is
P=R . xA =632x10"x47(6.96x10°)° =3.85x10*W
Power density at the surface of the earth

26
[ =t o 23056000
A4zD”  4rx(1.5x10") m

ignoring losses due to absorption and scattering in atmosphere

Pressure on aluminum sheet of area 10°m” situated on the surface of the earth

21 N
p: =9X106—2
C m

The total force produced by the photon pressure of the Sun on aluminum sheet
F=pxA,. =9N

heet



) THe Srelgs a@%? ol e O plir Ao Lo o e M%/?
PER  palisne per 74667‘2‘44%&&7 o rept o sral ~

=3 /
D = T (e, )
‘Z) Vo WA% CFV%M.Q/ ~ < N

= =
<= }/xﬂ(y =t 3 snce V=32 A= = J’f}jcfﬁ/égj
% | »
) <= _ ZBxro % £
~ ¥ =47 S8 Foager Sy T SN
¥ . = _ 375 =
4&_ /9,5—-&/0"'6)’7 — C?, 596'*/0 77
2) 4 : ~ P 'z,
wh o2& Brue i b Es2xio | KREF LTl T P
K7 T L R - Rovoe T T S5
< g~
& -/ = 2 S &
VAt hs eV~ oy P 4:,2471
5
Z— 9 2 Fox S
?) il er&yg 7 S TFTI< 7 = S T =
>, 7 /O Y, Rl

— _22 . 2 =
= SMKJ. <. Fex /e k;} _ 5,6’5’7\'/0_?‘(- (ﬁ?'f"‘/aisjs —_
EANERA Vi = =
- F & —_= ;
= Broo2zxe G — B T = LES XL T :@



A4 MW//@ B R ALEE e P

<@ : — 8 4 7 Ltre «—ClLevEr2 0/4 2 & e 7

Grer s @t Lirre  cescHEs I The SAfeoLrstOs

/%M/r? d/[ e Sl & s b PR A~ e CoreYee /S = =L 2
P4

#{,e LA . <L ;
Lo for AE 4 S %6 W 742:?»% oz Fe s S A //
. seet To — /%Zréﬁ/

y The 7 /< 2’ e s A KO .
st T phe Lo LS Ay) S REI B vew corerle

23 FTAhAe 1 '
) WP% g gﬁ‘?‘%"ﬂﬂ’ﬁbﬁ < 2’340@/ 49
C/ A S« ’2? e~ 4 G g IS st 2 Ero Al
4/) e e @ M%@/‘Ir S A 2 - St By =t
&/o(‘é)% a/@ ()ﬁ,): O &L o
= N wer

?) 7, = Iy e —
22 s B € e

&) QL(@:@/&—_:%{—M’QZ—; . BFay B
g e T U [T T

2.
f;@/z——;z—,%/C A=, Z
3” <597‘)(72- g /.
=5 g a7 G2
= {i CY ) == —= S
—
7 I=020, 2 =2 =



7o =7, €

/2 2 — %&S— 352
= 25 & = XS e =

14



Proftern L.
Wharv’ 7= %e Wa/ﬂah //’Zf?/&/é’?;z osne S LA
—gfﬁﬂc‘& L7 o 7

(L o e e

- _:/039 2/ /,7:; . ﬁ\_("},g ~/},‘7

=S 0% )

b e (o m) D[ Ao I Y e T

— sk I fasieR)] = 2SS

&
D:/{f% == 3 f; gk//j éjé = 34»/0/?//5
AYe = 27%—‘2’ .;zf-): Sl S A
9 (Ve W= (25052 2 y
| o S22 yay T Ty, & S
y-rx%=4v . v Ver &Y. = 3,000 00@/4;//0/#@

- 37
7 Fr7 (éér/o ,5/) é/\/u //zgj T
7 oo - Tt D

15



T < By o T4 S
7 = A, — asF a7, & LS A=
& =
T oo A e o T AG = & ozpr | TR
A E v o2 e e & o _y = & 5o AT

A Y = 2. (6570 7) %?x Cr e o) vResmos - “, 2z
/"/*/O‘ngg?/ ‘ ('Zx/@‘?%)’z

A o2
— Z o2 o A=

A, A= ; A o A g— ErreFer ; 2
OZ) A 2= o > a{,7}ei P ol /&w@q C‘W&b@/_{g = T
2, — ~aeplie -~
== A L= 3 = . - T —F 5 & 7oy = - =
- LSk SO

= —
7Z=2 o .2

= o

Yo
== oo 3z e 2r—/=




LASER PHYSICS I PH 481/581 VI1 (MIROV)

Sample Exam 1
STUDENT NAME: STUDENT id #:

I Opened textbook l

PH 581 ALL QUESTIONS ARE WORTH 20 ;| pornTs. WORK OUT ANY 3
PROBLE™ "~ OUT OF
PH481 ALL QUESTIONS ARE WORTH 75 >OINTS.  _ RK OUT ANY 2 PROBLEMS
OL. OF g

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

1 For a cavity volume V=1 cm’ calculate the number of modes that fall within a bandwidth AA=10
nm centered at 2=600 nm.
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Intensity on the retina of the sun light and of a He-Ne laser beam. At the surface of the earth the
intensity of the sun is approximately 1 kW/ﬁ‘nz. Calculate the intensity at the retina that results
when looking directly at the sun. Assume that: (i) the pupil of a bright-adapted eye is 2 mm in
diameter; (ii) the focal length of the eye is 22.5 mm; (iii1) the Sun subtends an angle of 0.5°. (Hint:
first calculate sun power passing through the pupil and diameter of the image of the sun on the
retina). Compare this intensity with that resulting when looking into a 1-mW He-Ne laser
(A=632.8 nm) with a 2 mm diameter. (Hint: the diameter of the laser beam in the focus of a lens
475 A

D

o

of focal length fcan be calculated as D, =

, where D, is the beam diameter on the lens and

2. 1s the laser wavelength).
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2. A He-Ne laser, operating at 632.8 nm has an output power of 2=1.0 mW with a 1—mm beam
diameter. Power in the cavity is 997 since the output mirror has 126 transmission. The beam
diameter is also 1 mm inside the laser cavity and the power is uniform over the beam cross-
section. The laser linewidth is 1.5x10% Hz.

a) What is the ratio of stimulated and spontaneous emission rates [ Bop00v)/A45,/] (Hint:
I(v)=power/(beam cross-sectional area)x(frequency width of the beam): p(v)= I(v)/c
b) What is the effective blackbody temperature of the laser beam near the output mirror in the

cavity. g o
S — e
&) ¥ = = - :
A &E. 228 v o T A _ il o /%) & »
o) e _ Er x> _ (I [Esse J»sj/é;_: o He) o oA
/ 5.{/ = 7 = (3‘(‘/‘: é’méj P

; =
Bzs _ pszen 2
. | s
o yﬁléﬂk/o = -
o : - =3 & 5 sz,
=) Ly)= c = = 4 .av-& Tl /’;Jé?,ﬂg“x/p )+ B o TRk
AR TS
— 0?(5; X/D o | o
P = ~ — _ . - 4
o ﬁS:Z « /O —%) ?,ci’&*/o /ﬁg/L <2 &
o

e A 3 ads
s 2y P

'y /%
) ‘6”"’;{?[’7 e = #¥r_,
=7 5 R = oy = BEL
o A — p =g :[2”"?5“(_ 2
_M;ﬁ,//a,zzs‘):‘ﬁ'gg*/_p » o
i Cosznss P35 ) #7 %) o

e T2z v = AETET )



3. Consider the ideal laser medium shown below. The pump excites the atoms to state 2 at a rate R,
which then decays to state 1 at a rate 151! and back to state O at a rate T2o'. State 1 decays back to
state O so fast that the approximation N;~0 is appropriate. The radiative rate for the 2—1
transition is 6x10%sec™’, and its width is 10 GHZ. (assume Lorentzian profile and steady state.)
a) What is the stimulated emission cross section for the 2—>1 transition?

[Hint: c(Vo,V)=Y(Vo, VY AN]

(b) What must be the pump rate R, in order to obtain a small-signal gain coefficient of 0.01
-1
cm ?
) What is the saturation intensity for the 2Z-—1 transition?
5.5 eV 2
R Az =6x10°%ec™’

’C2]=1 00 ns
’C20=200 ns

3.2eV L Hint: 1eV=1.6x10"'"J
; 4~k e i e
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4. A homogeneously broadened laser transition at A=10.6 pum (CO3) has the following
characteristics: A5;=0.34 s7%; J,=21: J, =20; AvphL=1GHz=.

a) What is the stimulated emission cross section (gain coefficient/population
inversion) at line center?

b) What must be the population inversion Na- (g>/g1)IN to obtain a gain coefficient of
2cm™'?

c) If the lifetime of the upper state is 10us and that of the lower state O.1us, what is

the saturation intensity?
(Hint: For a simple atom degeneracy is related to the total angular momentum quantum number

I by g=2J+1) Z— % — 02/7/“4 >
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5. An experiment involving a homogeneously broadened amplifier is depicted in the
diagram below. For an input intensity of 1 W/cm?, the gain (output/input) is 10 dB (i.e.,
G.(dB)=10log[l,./Iin]). If the input intensity is doubled to 2W/cm?, the gain is reduced to

9 dB.
> Amplifier —
Iin Iout
(a) What is the small—signal gain (i.e. Iin—>0) of this amplifier (in dB)?
(b) What is the saturation intensity?
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6. The following question refer to an aton@f

a) What is the ratio B /B> ?
(b)) If the lineshape function could be approximated by the graph shown below,
A2:=10° 57!, A=640.1 nm and N>=N;—10'2 cm™>, what is the small-signal gain

coefficient for the 2—>1 transition at V=WV,
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