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BASIC SPECTROSCOPIC INSTRUMENTATION : K. 5. Low

WINTER COLLEGE ON ATOMIC AND MOLECULAR PHYSICS :
LECTURE 1 : REVIEW OF LASERS AND LIGHT SOURCES

1l.1. Introduction
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS, TRIESTE, ITALY.

Before initiating a new project project on spectroscopy. one
STH MARCH - 3RD APRIL 1987 ahoul& evaluate the total requirement of the experiment. One should
consider the cost of each piece of equipment and if some of these
are not available and cannot be purchased, one should investigate

BASIC SPECTROSCOPIC INSTRUMENTATION

if alterpatives can be improvised. These 4 lectures attempt to
K. 5. LOW, UNIVERSITY OF MALAYA, RUALA LUMPUR, MALAYSIA.

cover the basic instrumentation that are needed for performing

experimenta on diagnostic atomic and molecular spectroscopy. These

Lecture 1 Review of Lasers and Light Sources will include lasers/light sgurces, spectral filters,
1.1. Introduction photodetectora, signal acquisition and Processing system. Emphasis
1.2. Basic lay-out of a spectroscopy experiment will be made on instruments that can be readily constructed. The
1.3. Incoherent light sources interfacing of these devices to an inexpensive microcomputer for
1.4. Laser sources . on-line data processing will alsd be discussed.

Lecture 2 Construction of some Laser Sources for Spectroscopy
1.0 Tetroductnn 1.2.

Basic Lay-out of a Spectroscopy Experiment
2.1. Nitrogen laser

2.2. Nitrogen laser pumped dye laser and tuning In Fig. 1, the general lay-out of a spectroscopy experiment is
2.3. Flashlamp pumped dye laser shown in block diagrams. One has here consider the microcomputer as
2.4. Other lasers to be congstructed the heart of the experiment, simply because it is now affordable

and yet very versatile and powerful in its applications. On the
Lecture 3 Spectral Filters, Detectors and Signal Processing

other hand, it should not prevent anyone from doing a spectroscopy
3.1. Spectral filters

experiment in the absence of one,and particularly in the case of
3.2. Detectors

pPrototyping and initial investigations. Starting Erom the
3.3, signal Processing

lamser/light source, the experiment is carried out via the
Lecture 4 Applications of Microcomputers in Lasers and Spectroscopy interaction chamber between light and matter, followed by the

spectral filters, photodetectors, amplifiers, signal acquisition
and averaging, data storage and tinally, data analyses and

presentation and computation of results. Each component in the



experimental set-up will be discussed in turn, finally ending in a
discussion on the usage of the microcomputer as the master

controller of the experiment.

SCATTERING SPECTAAL DETECTOR &
— —
CHAMBER FILTER ANPLIFIER
-

T / w
LASER/ MICROCOMPUTER SIGNAL
LGNt |€ As —acmnrsrren

“ASTER COMTROLLER
souRCE ‘I AVERAGTH

I

MODELLING & DATA  STORAGE &

COMPUTATION ANALYSIS

'F|'1_ i . Schemalic Lay-out of a “icrocomputar Gontrollad

Lusar fHesed Spactroscopic Experiment

1.3. Incoherent Light Sources

If incoherent light sources 1like discharge lamps and
incandescent lamps are sufficient to carry out the experiment,
costs in the experiment could be considerably reduced. ' This could
vary from less than U.$.5100 for a 1 kW tungsten halogen lamp to
more than a thousand for higher power xenon Jlamps. However, the
main consideration is in whether the power output is sufficient for
the experiment to be carried out. A comparison of different types
of lamp sources ia shown in Fig. 2. The power is typically in
the range of 1 pW/cm2/nm for a 1 kW input electrical energy. Thie
power density is at least a million times less than most laser

sources,
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On the other hand, xenon lamps and tungsten halogen lamps are

stilr useful in wmany routine

scientific and laboratory

applications,
e.g. in absorption spectrometers and in spectrofluorcmeters for
routine chemical analyses and diagnoses.
Other incoherent light sources include solar radiation and in
particular in remote sensing techniques from :he satellites. There
"

is also considerable works on 1R spectroscopyA ernst glowers and

arc sources for molecular spectroscopy.

Also, the following topics will be discussed subsequently
1. Prof. Platt will be discussing later a novel method of
performing differential optical absorption spectrometry using
ordinary search lights for the long path monitoring of ambient

trace molecules to very high resolution, ( & alse P stwnapas :J,
b, lea y;"A,L‘)
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2. Prof. Svanberg will be comparing the fluorescence of Hpd (for
cancer diagnosis) wusing lasers as compared to using high power F ‘R - Vl‘S |L'l N uv
Xenon or mercury lamps.
3. Inexpensive tungsten halogen lamps (projector lamps) can also be .

’ i On Teme fred ’ Lubhrsens wave (CW)  ov  pulsed
used for cancer therapy. { Sewcimes d(} M. 0luo et m(f)

4. In the topic of hydrospheric and atmospheric diagnostircs,

Professors Svanberg and Giessing will be discussing various remote
cw an

T rainl s Loaemt
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1.4. Laser Sources ' - & d‘a" lanans ruu-rj-!t L} 34

Lasers, as discussed is many times more intense than ordinary
Pras~sy

- h‘f’*"?tw

sensing schemes, using solar radiation, IR and also microwaves.

lamp sources. fTheir CosSts are also more or less correspondingly
increased, except in the case of the mass produced diode lasers and

He-Ne lasers. The cost can range from U.5.585,000 to more than -
L0504 +» olurot'?

$100,000 depending on the type and the power requirements. On the

other hand, some of these lasers can be constructed rather easily.

Pels o Laoees

This will be discussed further in the next lecture,

Applications of lagers: need to know the types of lasers with l

respect to 1. wavelength and types PN P"‘ o
2. power .
, AdAe J—(Mkl;yk—fs
3. bandwidth and coherence
1. Wavelength spectrum of lasers available : Fig. 3. - ’f""‘"" Lt +° P‘“S‘" A’
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