ENEE 496 Spring 2004
Problem Set 1. Due February 17, 2004

(1) A particle has a lineshape function for frequencies |v — vp| < T7A/2

Vg — I/>.

g(vo,v) = C cos( A

(a) What is the value of C needed to normalize this function?
(b) What is the fullwidth at half maxiumum (FWHM) of this function? This is the
1

frequency spacing between the two frequencies where g(vo,v) = 59(v0, vo).

(2) For the line shape function in (1) if Ag; is 10® s71, what is the stimulated emission
rate produced by a monchromatic input signal at a wavelength Ag=1um of 1W/m? at a
frequency 1 FWHM from the line center?

(3) A group of particles with No=10'® m™3 and N;=10'" m—3, which extends from z=0
to oo is irradiated beginning at ¢ = 0 with a monochromatic plane wave at line center of
intensity 1W/m?2. The lineshape and As; are the same as in questions (1) and (2).

(a) Plot the population difference Ny — N; as a function of time at z=0.

(b) At what time does Ny — N;=07

(4) Plot the shape of the black body radiation distribution p(v) for temperatures of 1000K,
2000K, up to 10,000K. From these graphs determine the value of the constant F in the
relation vyl = F.

(5) Davis Problem 1.1
(6) Davis Problem 1.3
(7) Davis Problem 1.4
(8) Davis Problem 1.7
(9) Davis Problem 1.9
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. vg =~V
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Therefore for normalization C=1/2A

To find FWHM

vo— Vv 1)
= acos| —
A 2

gives

vV E Vg ?’n'A

(20 Stimulated emission rate is Wa1 = le--I-‘g(vo,vo + %-n A)
Cc

Ay = 10° ¢ = 2.998.10° hi= 6626107 > %= 107 °
vi= = =1
A
. 3
At 1 FWHM from line center g(vq,v)=0 By = ¢ -Apg
8~1c-h-v3

W21 =0



At line center g(vo,vo) = 1

©)) 2-A
3-Ag; 6
Set FWHM=A,, /2 A= A=7599% 10
4o1t2
Write - Biy = Byj
2-A -8
g=658x 10

d I I
—Np = -A21-Ny = Ba1-—-gNa + B1a —gNp
dt c c

d I 1

—N1 = Ar1-Ny + Baj-—-g Ny — B12-—-g-Ny

dt c c

Solve these two equations by 4th order Runga-Kutta

1 018
NN = Population matrix
0

I I
-—A21-NN0 - Bzy-;g-NNO + B12~—(;~g~NN1
D(t,NN) = : ,
(Azl-NNO + B21-2~g-NNO - —B12'—c-~g~NNl)

Z:= rkﬁxed(NN,O, 110”8, 1000,[))

n:= 0..1000

N?.n = Zn,l Nln = Zn,2 tn = Zn,O
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Q)

v:i=10",2-10
1:=1,2..10
T. := 10001

k:= 13810

23

Curves for T=1000,2000, 3000, .....10,000K

Fron curves

vmaxyq = 5.93.1014
vmnaxy = 4.13- 101
vmaxg := 2.34-10"

vmax; = 0.59-10"%

vmaxg = 5.29- 1014

vmaxg = 3.53-101"

vinaxz = 1.76-10"4

vmaxg = 4.71 1014

vmaxs == 2.89-10'4

vmaxy .= 1.19- 1014



1

Slope of line is approximately 5.867*1010

vmax

So = 5.867- 1010
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1.4 define “wariables
k:=1380658 102 Boltzmann's constant

¢ 22997 92458-10°  velocity of light

h=6.6260755-10°%

C

x=h ———

kamT

X =5
Given

Xew
5¢ -5~ xe=

a :=Find(x)

a=49651142

imT = h- <
k-a

AmT = 0.0028978 2898 micrometer K Q.E.D.

8-nhc

Pf—-——*:’j
ls‘(e AkT _ 1
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1.7 define variables .
k:=1.380658 102 Boltzmann's constant

¢ :=2.99792458-10°  velocity of light
h =6.6260755.1034

T :=3000

30 :210.6:10°¢

A z0.2:10°

p=8nh

E =p-Ak

E =0.000013041 13.051 microJoule per cubic m

Exact calculation by integration

(1) =8-nh

A1 :210510°¢

22:210.7:10°¢

A2
E I:JV p(2) dr
Al

E =0.000013044 13.044 microJoule per cubic m
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