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Spectroscopy -1
and Laser-Related ghzalt
Nobel Prizes




2001
Physics Ceremony

“.... On behalf of the Royal Swedish Academy of Sciences,
I wish to congratulate you on your great accomplishments.

now ask you to step forward to receive your Nobel Prizes
from the hands of His Majesty the King”.



J. Rydberg Memorial
1854-2004

ZEITSCHRIFT

PHYSIKALISCHE CHEMIE

STOCHIOMETRIE UND VERWANDTSCHAFTSLEHRE

FUNFTER BAND

MIT 112 FIGUREX IM TEXT,

LEIPZIG
VERLAG VON WILHELM ENGELMANN

1890.
e

Uber_den Bau_dor Linicnspeltron der chemischen
Grundstoffe, |
Von

Dr. J. R. Rydber;
Privitdocent an

(Vorlaufige Mitteilung.)

Die Untersuchungen, von deren wichtigsten Ergebnissen ein Aus-
zug hier gegeben wird, werden in den ,Svenska Vetensk.-Akad. Hand-
lingar, Stockholm® susfiihrlich dargelegt werden. Sie erstrecken sich
bis jetzt nur auf die Grundstoffe der Gruppen I, 11, III des periodischen
Systems; es giebt abor keicen Grund daran zu zweifeln, dass die ge-

fundenen Gesetze nicht ebenfalls fir die Spektren aller iibrigen Grrud-
. stoffe giiltig sind.

2. Die entsprechenden Komponcnten der Doppellinien
bilden Reilhen, deren -Glieder Funktionen der aufeinander

folgenidén ganzen Zahlen sind. Je=de Reibe kann anniherungs-
weise durch eiiie Gleichung von der Foru

ausgedriickt werden,

wo n die Wellenzahl ist, m ecine hnhcb:f'c
ganze Zahl (die Oldnungsmhl des thdcs), N — 1097216
alle Reilien und alle Gru

7, und p

Vie man sicht, be-

zeichoet 2, die Glenza, welcher sich die We}lenaahl # pibert, wo m
unendlich wird.




The Solvay Congress Werner Heisenberg

of 1927 Louis de Broglie
Erwin Schridinger

H. A. Lorentz Max Born

Max Planck Einstein Niels Bohr
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Protective hermetically sealed can ("TO" package)

Rear Facet

L asar Badn Photodiode

Laser Chip

Base

A typical compact disc style laser diode.
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Dye lasers pumped by Ar-ion lasers
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Precision spectroscopy with lasers
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Glauber Hall Hinsch 7 ///Q 2

Nobel Prize in Physics 2005



Combustion Diagnostics
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Atmospheric carbon dioxide development
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Sum-frequency generation to 254 nm: Hg

Diode laser

Cdot >

Diode laser
688 nm

Lens Lens - Lens

i N A NN
U vV Vi

v
Optical Beam- BBO Hg“ Filter
isolator splitter crystal cell

(a)

Transmission

40 50 60
Frequency (GHz)




Lund mobile Lidar system
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Lidar monitoring
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LIDAR REMOTE FLUORESCENCE MONITORING
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Remote Laser-Induced Break-Down
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Emission spectrum detected in plasma after-glow
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Multicolour Fluorescence Imaging
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ILight propagation in scattering media
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Old Spectroscope
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INTENSITY (norm. units)
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The origin on quantized states
in view of constructive interference
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The electron orbit:
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Build-up principle
Pauli principle - Shell structure

Atomic  Element Shells LS First
number fi i ionisati
z K L M N 0. of the ground potential
nml =2 A=l n=4 n=5 state fev]
] s p 3 pd s pd 3 p
1 Hydrogen H 18a 13.60
2 Helium He @ 'Se 24.58
3 Lithium Li &2 2 539
4 Beryllium Be 2 S 9.2
5 Boron B E-‘: 2 s 8.30
[3 Carbon c §2 2 ip, 11.26
7 Nitrogen N 2 ) L 14.54
8 Oxygen o 2 g 13.61
9 Fluorine F 2 AP 17.42
10 Neon Ne 2 2 E 21.56
1 Sodium Na g2 2.6 i 514
12 Magnesium Mg &2 26 LS 7.64
13 Aluminium ~ Al [2 r B 2P 508
14 Silicon 5i =2 2 57 Py 8.15
15 Phosphorous P 12 2 6 “Sin 10.55
16 Sulphur 5 .2 26 e 10.36
17 Chlorine cl &2 26 X2 o 13.01
18 Argon - A 32 26 =2 5o 15.76
19 Potassium K 26 '26 38 4.34
0 Calcium Ca 26°.'2 6 ol 6.11
21 Scandium _ Se 2% 2 6 2 D 6.56
22 Titaniom ¥ Ti 26.426 v2 IF, 683 £
2 Vanadiom 26 26/[3fea, *Eun 674 &
24 Chromium Cr 26--26 1 s, 6.76 .E
25 Manganese  Mn 26 26 i " e 143 -
26 Iren Fe 208 3.8 2, D, 190 £
7 Cobalt Co R ’.,: *Faiz 786 2
2t Nickel Ni 2671328 2. . 1.6 £
% Copper Cu 26 14 i e e a .72
30 Zinc Zn 26 2 6 2 . 9.39
k11 Gallium Ga {2 2°6° 26 10 2 Pz 6.00
2 Germanium ~ Ge 32 26722610 2 Py 7.88
33 Arsenic As 22 2 65426 10 2 oA 9,81
34 Selenium Se 22 2 6,526 °10-2 p, 9.75
38 Bromine ‘Br 2 2 622 6:10 02 Py 11.84
36 Krypton Kr B2 267526 102 'S, 14.00
37 Rubidium Rb 2 26 .2610°-2 6 1 15 418
k1] Strontium Sr 32 ;2.6 2.6 10 2 6 22 'So 5.69
kL Yitrium N m 262610 "28 1 B Dy 6.38
40 Zirconium  Zr (2 26 2610 26 2 f2 F 684 .
41 Niobium Nb  f2 262 60 A 4 Dypy 8 g
42 Molybdénum Mo 2 26 S206 026 5 713 E
43 Technetium Te {2, 26 2°6-10-:26 6 1 Dy 723 ©
a4 Ruthenium  Ru & 2.6 261053 7 'Fy 731 8
45 Rhodium Rh. E 2. & 2600276 § ‘Fua 7.46 3
46 Palladium Pd 2 26 26 10 26 10 'S £33 =
4 Silver Ag 2 26.2610 2610 1 50 T8 B
48 Cadmium Cd g2 26 2610 26 1072 15, 8.99
49 Indium I 2 26 2610 261 -2 1 P 579
50 Tin Sn R2 2°6°. 26710 "26 10 22 Py 7.33
51 Antimony b 2 .26 .2:610 .2°6 90 23 *Ssa 8.64
52 Tellurium Te 2 2 6°52.6°10 .26 2.4 p, 9.01
53 lodine J 72 ‘2-6 .2 6.1 a5 2Py 10.44
54 Xenon Xe RISy s, 12.13

Periodic table of the atoms
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MAGNETIC
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Rotational motion
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Vibrational motion
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Vibrational
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Combustion Diagnostics




Flame spectrum
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Nano balls and nano tubes
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Dipole radiation




Radiative processes
¥
E é > N2

ZN
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B,p (V) N,
Byp (N,

E, N,
Thermodynamic i bruw -

dN dN
d_tl — d_tz = = Byp(V)N; + By p(V)N, + Ay N, (4.21)

where p(v) is the energy density of the radiation field per frequency inter-
val, and v = (E,-E;)/h. At equilibrium we have

d_l = el G0
dttl = dIdtI =0 (4.22)
yielding
Az
= = 4.23
) = BN /Ny) - By A2

We now assume the system to be in thermodynamic equilibrium with the

radiation field. The distribution of the atoms is governed by Boltzmuann's
law

N h
[N—:=cxp[ﬁ¥l QO”! mMany (4.24)

ﬂ(V} = 16?|'2ﬁb’3
c¢3  exp(hy/kT) - 1

Plﬂﬂ gk (4.25)

we obtain the following relations between the three coefficients

B =B 1 Indep,o{ Q{p]l pons
%ua 1672 AI.I“ B‘.V‘ A= 5= e etk

21 [




Definitions

Absorption Emission

M/\
A
=
k=] .
& =
8| 2
ol 8 ,
2] = Excited
g = states
(/7]
D
< Y

:

i Ground

state



Vibrational-Rotational Spectra
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Vibrational thermal population
lodine molecule
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Examples of absorption spectra
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Photosynthetic pigments
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Raman Scattering
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Vibrational Raman
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Impinging beam

Primary rainbow

Explanation of
the rainbow
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Deflection
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The rainbow(s)




Optical Spectroscopy
Light sources
Spectrometers
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Transmission media

Applications
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Line Light SourceTsT \
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Planck radiator
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SPECTRAL IRRADIANCE
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Synchrotron radiation
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Normalized Emission
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Spectral distribution of sunlight
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Sun spectrum
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Atmospheric vertical absorption and its origin
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Spectral distribution of the blue sky
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Grating spectrometer
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Fourier transform spectrometer
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QUANTUM EFFICIENCY %

Spectral response

Typical Spectral Response Curves for EMI
Photocathodes (50 and 30 mm diameter tubes)
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OPTICAL MULTICHANNEL ANALYSER
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Normalized absorbance
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Interference filter
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External transmittance
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Transmittance (%)
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Water absorption
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Photosynthetic pigments
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Analytical flame spectroscopy
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Remote Sensing

Passive

Reflection

Transmission

-
- o,
L
By w B e ¥

. ., a s
P A A
. — T
= PR g
- " v, 0T v
" . . . T g ¥ —

. MO T

Absorption and
emission

S R

Back-scattering '







INPUT
WINDOW

=H

OUTPUT
WINDOW

=5

DISTANCE ROD

White cell — Long-path absorption in a controlled way



Limb absorption

Sun

%

or Star




SO, DOAS MEASUREMENT

SL!..PH.R leXIEE EA&FBENT

T

1

300
NAVELENGTH (nm)

__SULPHUR OIOXIDE (4 ppb) 2 km atm. path

REL. TRANSM.

i

:
LOG REL. TRANSM.
& e
s B

WAVELENGTH (nm)




B Y i
|\."r| UlitipDiexel




ORESUNDSLUFT

Karta/matvirden

Tidigare virden

Matteknik
Rikt-/gransvarden
Halza-/miljoeffekter
Kontaktpersoner
Om Oresundsluft
Pollen I

Vader
Luftrmilié/matning
Surig Luftrilja
Qurigt av intresse

Hislp




10

Intensity (a.u.) -
o
(8]

300 310 320

Ln[rel. transm.]
S
&

-0.10 +

4

-0.15
303

305

1 1 i
T T T

307 309 311 313
Wavelength (nm)

Volcanic plume

Sulfur dioxide

Measurement
Mt Etna



Satellite
Remote
Sensing

Earth
resource
satellites




Push-broom
Multispectral |
Imaging

Imaging
spectrometer




.
<
£
>
Z
&




Reflectance spectra
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World!
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Love is even more
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Thank you for your attention!
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