214

LET THERE B E LIGHT

THE LASER AND ITS AFPLICATIONS

Conleth D. Hussey, B.A., B.A. L., Ph.D.

.ecturer in Optical Communications
Department of Electronics and Inforwmation Engineering

University of Southampton

Summary

This lecture will seek to separate the science from the
popular science fiction image of the laser. Al thoough the 1aser
was invented in 1960 (exactly 85 years ago), laser research is
atill im the headlines thanks to the Reagan administration's
Star Wars Programnme., The laser is also the basis of healthy
industry. More than 100 companies araound the world manufacture
1asers, and hundreds aore bulld components, accessories or
syatens that incorporate lasers., Sales of commercial and
military systems reached $4.4 billion last year and sales of

manufactured lasers passed $400 million,

Many lasers have found obvious aplications in such areas
as medicimne, construction and materials yet most of the 1.2
million lasers made last year were low power, comparatively
imexpensive types destined Lo be hidden unnoticed inside boxes.
Examples include compact disc awlio players, Liranswpitters in
optical fibre systems and bar-code readers,

Reginning with the basic properties of atoms and photons
the lecture shows how Eight émplificatian by the §timulation
Emi$sion of 5ad1ation (LASER) can give rise to a highly

directiomnal, intense beam of monochromatic coherent light.




Ther

applications discussed are a direct consequance of

these special characteristics of laser light, The following

areas will be dealt with Lo a varying degree:

[
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Materials processing.

Applications i biology and medicine.

Optical inforsation processing and recording,
Measuremaent and inspection, '

Optical communications.

. Military applications,

. Applications in physics and chemistry,

In dealing with each heading the relevant materials and

properties of light which allow the laser to be thus used will

also be discussed,

Thie
markets for

video discs

Recommended

case histories of the first two potential mass
the laser which appeared in the early seventies:

and readers for bar codes will also be included,

Reading

Revolution in Optics:; S. Tolanksy,.

Punlished in Pelican Books 1968,

Colour - Why the World Isn't Grey; Hazel Rossotti.

Penguln Books 1983,



Introduction

In 1960, Theudor H., Maiman demuonstrated the world's
first laser at the Hughes Resaawcﬁ Laboatories in Malibu,
California. The experiment was remarkably simple in concept. A
synthetic ruby crystal 2cm long and 9em in diameter was inserted
inside a helical flash tube (as used in flash photography) as
shown in Figure 1. Thie ends of  the ruby rod had been carefully
polished so they were exactly sgquare to ﬁhe axis and were coated
with silver, When a flash was set off in the helical tube a
very brief pencil of deep red light esmerged from bthe end of the
ruby rod. This was the first successful desanstration of a
laser, the first of what has praoved to be an inpressive series
of devices with remarkable and striking properties which have

already transforaed whole areas of science and technology.

Figure 1



Later we will discuss how the laser works but first let
us indicate the features of the laser which have given rise to
the intense interest and activity which now surrouwnds this

device,

The laser is a device which produces an intense, highly

directional beam of light of a very Qyﬁgwpolqu. The laseaer beam

als0 possesses the property of coherence which indicates a

certalin regularity of the waves in tUhe beam,

Al though the desceription in this fors may not seen
remarkable, the laser differs from any other light source in ali
four characteristics mentioned above, and in ways that have

gquite dramatic impacts.

Consider for example the directional aspect, A typical
laser beam may only be 1mm diameter at the point where it leaves
the laser and it may spread to only about half a centimeter in
diameter at a distance of 30m (see Figure 2). In practically
every othwer light source light emerges in all directions., The
familiar filament lamp can be seen fram all directions. The
projector succeads in sending out more light in ane direction

than another but this is achieved by suitable ashaping of the

filavent or by the use of lenses or mirrors. However the source
itself -~ the lamp, o carbon arc -sends its light in all
directions,. In contrast the intense light from the laser

energes only in the fine pencil-like beam,

Figure 2



Because the laser gives out light into such a mnarrow beam it
appers as an extremely intense source, If we look at a 100-watt
lamp filament at a distance of 1ft. the power entering the eye
is less than a thousandth of a watt because the light from the
lamp streams out more or less uniformly in all directions, Ir
we were to look directly along the beam from a laser (which we
never do) then all the radiated power gggig enter the eye, Thus
even a 1 watt laser would appear many thousand times more

int@nse thn the 100 watt lamp (see Figure 3).

Figure 3

Extramaly high intensity laser beams may be produced,
either as continuous sources or in the form of flashes of very
short duration. The most powerful laser flasheas will vaporise
any known material and have, for example, been used to drill
noles in diamond, the hardeaest known matecial., An imprassive
continuous laser is that which uses a tube of carbon dioxide
(CO2Y, mitrogen and helium, With this device, which produces an
invisible, infra-red beam - holes may be drilled though fire

bricks — within a matter of.aeconds.



No less remarkable than the high intensity capability of
the laser is that of producing a beam of extemely pure colour,
If the light from an ordinary filament lamp is examined in a
spectroscope, a vontinuous colow range is seen from violet
throwgh blue, girreen, orange to red (water vapour acts as a
spectroscope for surlight and so gives rise to the rainbow).

The different colours are found to caorrespond to different
wavelaengths from about fourr hundred-thousarwiths of a centimetre
for violet light to seven hundred thousandths for red

(Figure 4). Inspection of light from a laser reveals only ahe
single colour i.e. a very definite wavelength, the liqht is said
to be monochromatic. This property provides us with a powerful

tool for precision measurement over long distances.

Figure 4



The fourth laser characteristic which distinguishes it
ffraom ordinary light sources is caherence, MWhen one looks at the
light from an ordinary source the eye receives enarmous numbers
of waves, coming from myriads of different atoms in the source,
Each of the atoms gives out a train of light waves at intervals
but. a strict state of Nnom co--operation exists amont the atoms,
which behave with a rugged indﬁvidualitg. Each sends out its
light waves stt whern the atom thinks fit with no reference to
any of its neighbours, I complete contrast the operation of
the laser impomses a strict discipline on ﬁhe behaviour of thé
atoms which respond by sending out their light waves precisely
in step with oane another, The chraos is gone and the resultant
light wave has a beautiful regularity rising and falling in
perfect sequence, for as long ass the laser is working (see

¢

Figures S, 6).

Inm this respect the radiation from the laser shows a
close resemblance to thebmaves which are used in radio
conmunications, Both are coherent., Indeed the laser posesses
truly enornous potential for use instead of radio waves in some

circumstances,



Figures S, 6,



How the Laser Works

Atoms can be considered to be miniature solaé systems
with the nucleus at the centre and electrons orbiting at
different distances from the nucleus, The quantum theory
predicts that only certain electron orbits are allowed. Each
orbiﬁ caorresponds to a specifib énergg possessed by the electron

and is called an energy level, Mormally an atom exists in the

"ground stata" {i.ea, all of the electrons of the atom are
contained in the lowest available orbits.' The atoms‘is said to

be excited if the alectrons area shifted to higher enargy levels.,

In understanding the laser and the applications of laﬁeh
light we need to know how the transition of an electron from one
enerciy leQel t.o another takms place, If we take two enérgg
levels Sy and Sz where the energy of Sz is higher than 83, then
the transition of an electron betwoen thase two levels can ococur

in three ways.

(a) Downwards by the spontaneaus emission of light where the
energy difference between the two levels i1s equal to the
frequency of the emitted light multiplied by Planck's N
constant (Ey2 = h x freq) (Figure 7(a)).

(b) Downwards by the stimulated emission of light, This

Chappens when an excited state is kicked into emission by
asome incident light. The emitted light is the exact
replica of the light which stismulated it, (Figure
7(b)). |

Figure 7
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(c) Upuwards by the absorption of light
(again Ej2 = h x freq). (Figure 7(c)).

In Figure 8(a) we represent the energy levels of the
sodium atow by horizontal lines with the lowsst line
corresponding tdad the "ground” state, Poasible electron
transitions are also indicated:while in Figqre g8(b) the
different light emitted for these different transitions are also

indicated.

The basic conditions required for laser action are the
same for all,tgpes of lasers, Atoms (or, in some cases,
molecules) must first be raised to excited energy states from
which they subseqquently fall to lower energy states, emitting
light in the process, It is the special way in which the atoms
are stimulated to drop Lo lower states that characterises

lasers,

When an atom is excited, it tesporarily occupies a
higher energy level, The atom then de-exclites either Lo the
lowest energy level available ("ground state”") or to some other
state below its present level., Although whert the de-excitation
accurs it is unpgredictable, the average Lime taken by a
collection of atoms can be predicted, A laser employs a
substance that has an excited state at which a collection of

atoms remains for a relatively long time,

e an atom de-excites, it emits light having a certain
eneragy, wayelengtﬁ. andrfrequencg. The light carr be modelled as
being a pabticle (in which case it is called a photon) or as
being a wave, If the light emitted by one atom happens t.o
encadmter another atom Still in the exucited state formerly
ocoupied by the first atam, then the passage of the light can
force the second atom to de-excite immediately rather than
spontaneously at some later time. The light emitted by the

second atom then contributes additional light identical to the



Figure 8
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light forcing the de-excitatior, Recause Uhe electric field of
the passing light stimulates the emission firom the secand atom,
the de-excitation is called stimulated amission, A light bulb
emits light because of spontameous emission from atoms in its
heated €ilament, whereas a laser emits light because of
stimulated emission from s atoms. Both cases are illustrated

in Figure 9,

Figure 9

Afteaer an atom undergoes stisuvlated emission, the two
light waves (the one forcing the emission amd the one resulting
from ity are said to be cohwerent for thiree reasons, They have
(irf the teraninology of the wave model) the same wavelength,
frequencg,'and enargy ., They are imn atepg with each other; that
is, the peaks of one wave are aligned with the peaks of the
other wave., (This situation 18 depited in Figure 5). They are
travelling in the same direction, Recause of this coherence,

the twa light waves add to give a net wave whose intensity is

larger than the intensity of the wave whose passage caused the
étimulated enission as shown in Figure 10, The goal of a laser

is to have such stimulated emission repeated a large number of
times. Siﬁce all the light waves that are produced are coherent
with one anopherf they add to give a huge wave with a hugh
intensity, LLasers are'vérg bright because the de-excitation

process results in such an addition of light waves. A light
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bulb with the same nusber of emitting atoms is considerably less
bright because the waves lack coherence and thus do not add to

give a huge wave.,

Figure 10

Atoms in a laser can be excited either by absorption of
light or by collision. Abzorption of light can be accomplished
by flooding the laser tube with white Tight so that the atoms
absord their characteristic wavelengths and are excited to upper
energy levels, Eventually the atoms will de-excite by
Sﬂaﬁtaneous‘emiﬁsion,’and eome of the atoms will reach the
energy level involved in the laser emission, Pausing there for
a relatively long time, they can be stimulated to emit photons.
An avalanche of photons can be ﬁriggered by a single photon
enitted spontaneously’ by omne of these atoms because a photon
travelling down éhe &ength of the tube will provoke stimulated
enission of many other photons that in turn also travel down the
tube, stimulatiné emissiéh of still more photons.

4

Atoms can also become excited through collision, For
example, an electrical discharge can send electrons streaming
through a lésen tutue and- crashing into the atoms, thereby
exciting them. iﬁ s@hé lasers these atoms pacrticipate in the
stimulated emiésionj_in aothers they merely Lransfer their emnergy
to anatheﬁ species of atom that then participates in the

stimulated emisasion. The helium—-meon laser is an ismportant
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example of the latter type. The electrical discharge excites
the less massive helium atoms that then excite the more massive
meon atoms that, because of their relatively large mass, could

not have been efficiently excited directly by the discharge.

Pairt of the stream of stimulated photons is reflected by
mirrors or other reflecting subfaces in the laser, The
reflected stream stismulates more photons. The rest of the
light, which may be just a tiny fraction of the total light, is
a;lowed to leave, forming the laser beam. The optical
arrangesent of the laser tube with an exﬂewnal mirror at each
end, is called a resonant cavity because the light is built up
inside the cavity in much the same way that sound waves can be
built up on a guitar string to produce a wave of large

amplitude. The overal scheme is depicted in Figure 11,

Figure 11
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Laser Applications

Lasers have become important to communications, but not
in the way early researchers expected. In the mid-1960's, it
was anticipated that laser cothﬁications would be carried by
evacuated pipes. However, in 1966 Charles Kao and
Seorge Hockham of Standard Telecommunications Laboratories
'suggested that optical fibbeé might be more suitable. The first
fibres with losses low enough for communications were made four
years later at the Corning Glass Works, By 18977, the first
opticélnfibre links were installed in the North American
telephone network. This year, worldwide sales of optical-fibre
caommunication equipment will pass the $1 billion mark, although

only a small part of that total is lasers.

Semiconductor lasers are almost the ideal light source
for hgh—-speeaed communications thraugh optical fibre over long-
distances. Thaese lasers camn emit a beam just a few micrometers
ACross —~ abqut the same size as the light-carryging cores of new
single-mode fibres. varying the drive current to a semi-
conductor laser canm direcktly modulate its light output at the
high speeds needed - something not possible with other lasers.
Long—distance telephone calls in Britain and the United States
are increasingly likely to travel part of their route by laser
beam. Submarine optical fibres under the Atlantic and Pacific
Oceans should be,laidﬂbg the end of the decade, when they will

”

provﬁde'taugh conpetition for transoceanic satellite links,

Lasaﬁé have other, quieter uses. For years, high-speed
laser printers have churned out vast quantities of junk mail and
financiél statements, Now mmaller, slower versions can be
hooked upg Lo pewéonal computera, to combine high resolution with
the high speed and ability ta "draw” of dot-matrix printers.

Elsewhere in the printing industry, lasers expose printing
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plates, separate colours for full-colour printing, and set type.
Metrologists need lasers to measure distanmce precisely or to

T ocount particles,

other applications are mdﬁe dramatic and obvious,. Sales
of systems for medical treatment — particularly eye surgery -—are
gr0w1n§~mare thén 30 per cent a year, THe increase in sales of
systems to shape materials 15 mearly as rapid. Laser techniques
have become standard for such problems as the treatment of
diabetic retinopathy (diabetes-induced blirmdness) and the
cutting of titanium sheets, That does not mean that the laser
is about Lo Pep]acg the swwgical scalpel or general-purpose
machihé tools, it is just that it can do certain jobs much

better,

Military forces have found their own special chores for
laser technology, Laser rangefinders amd target designators
éuide weapons to their targets with deadly accuracy. Coded,
low-power pulses, from lasers attached to guns, coheck the
accuracy of soldiers' shooting in training exercises, Radars
based on infrawﬁéq laser beams rather than microwaves are being
developed to guide cruise missiles, Pollution detection
techniques are arsé\beimg developed Lo detect what one observer
called “"very aaeciai'pollutants" - mer?e gases amd other
chiemical waapons., ' '

Twenty-five years aftéer it was first démomstrated, the
laser is far mowe‘tﬂan a laboratarg curiosity, It drills holes
in baby bﬂét;e’mipble$’and dirug capsules, Pelagé telephane
calls, prints Qamk éta&ements and plays music, Yet thanks to
highly pubﬁicfﬁed military programmes, such as the Star Wars
effcrﬁ, the public¢ tends to think of the laser as a deadly
weapory from sclience fiction. It is ﬁa,wander that at times many
people in the laser 1ﬁduatrg wish that schemes to bulld laser

weapons would Just go away.
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Tables I and II summarise the world sales of lasers for

last year (1984).

Table II lists the laser types,

cavered in the following pages.

Table I lists the different applications and

The main application areas are

1984 Sales Nuwmbeaers of

(millions $) lasers

Materials processing 83. 4 1,700
Agriculture and caonstruction 1.9 23, 000
Metrology (includes surveying) 19.95 53, 500
Research and develapmehb ' 93.3 20, 800
Bar—code reading 4.1 36,500
Printers eg.2 54,800
other, printing equipment i2.0 S.,.400
Optical disc (audio disc etc.) 10.0 880, 0QO0
Diagnostic sedical 6.2 30, 000
Medical therapy s52.9 7. 400
Entertalioment and display 2.3 10,000
Technical atlitary 57.3 87,500
Communications 45.0 45,000
Totals $416.1 1.29%5, 700

Table I World Laser Sales by Application
- s . e

i 1984 sales Numbers

) (millions %) sold

Helium-neon (gas) 42 .6 212.400
Rare-gas ion 68.6 10, 800
Haelium-cadmium (gas) 4.9 1,400
Tunable dye (liquid)’ 23.7 700
Carbon dioxide (gas) 77.9 2,200
Crystalline and glass 118.6 4,500
Semiconductor = 66.7 979, 300
13.1 400

Excimer. (gas) " -

Table II Wworld Laser Sales . by Type
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1. Materials Praocessing

The high intensity available in the focal spot of a
high-~power (P > 100W) laser beamkoffers a number of.applications
in the field‘of matecial working and processing, such as
welding., cutting. drilling, surface treatment, andg allogying.
Thmsé;applications are; at present, tha most important
industrial applications qf lasersf The principal advantages of
a laser bheam can bhe éummari$&d'as follows:'(i) The heating
procducead by the laser ;n a8 givgn process is usuwally less than
that involved 1n>the corresponding convaentional process, It
follows that the material distortion is considerably redubed.
and also better control can be exaercisad over the process,

(ii) Possibility of working in inaccessible regions. In
practice, any region which can be seen (even though it may
Pequiré some optical system to permit observation) can bhe
processed by a laser., (iii) High velocity of the region being
Qorked and hence high production rates, For instance, welding
veiodities as\high as 10 w/min can be obtained, i.e., about one
order of magnitude greater than that obtainable with, the best
arc welding suystems. As another example, the velocity for
surface treatm@ﬁt b9 A lasar is, often., greater than that
obtainable bg'rnguction heating. (iv) fFasy awtomation of the
process, For insé@hﬁ&. the moveﬁﬁnt of the laseaer beam can be
achieved bg moving the optical focussing system (and this
movemnant can be computar Canrolled) This also offers the
pn%%1b111tg of precision chtlng along complicated profiles,
(v) Possibilities Por prnducing new metallurgical processes,
With the hlgh intmnsitg and easy control of a 1n1¢P beam, a
nuaber of processgs‘whlch mehe previouslg impracticable are now
?masiblg. - For iﬁsbanre. dupfto the high annﬂalihg velocity of a
laspﬁ béam,_onp can gﬁt n@m tgpmb of surface allogs or induce
r@crgstalllsation of an awnrphous s@mihondurtor surface (laser
annealing of sewiconductors). (vi) Frgedom from wear in the
case‘of 2 léﬁeﬁ tool. This is particularly relevant for laser

cutting. Against all these digadvantages. howevear, onea MUst
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balance the fallowing disadvantages: (i) high capital and
running cost of the laser system; (ii) problems of reliability

and repraducibility qf Ehe laser beam; (iii) safety awobléms.

Following this genaral discussion, we now go on to give
a briew description of a few relevant examples. The lasers most
widely used for metalworking are either COz2 lases (with powers
which, depending on the type of laser, can vary from ~100W up to
NISKN) or Nd: YA lasérs (with powers usually ranging from S0 ﬁo
560”). The CO2 laser ;s equal;g suited to working on metallic
or nonmetallic (plastic, ceramic, glass) materials.‘ However,
the Nd:YAG laser beam is only appreciably abzorbed by metallic
materials. The more limited power available from the Nd: YAG
laser means that 1t Lends to find use i naterial-working
applications requiring high precision and sinimum ﬁheral damage
(e.qg. welding of relays and nieroelectronic components, drilling
of hard materials such as diamond or sapphire). The mouat
interesting applications for medium-power CO2 laser (100W to
1kﬁ)'are perhaps in the araa of.procassing nonmetallic
materials, éxamples are the cutting and drilling of ceramic
material for microelectranics, the cutting of plastic. cloth,
wood ., leatherﬂ‘étc. Particular sention should also be made of
ﬁhe applicatioh of such a laser in the field of electronics,
such as for resi%%pr trimming. Some of the most important
applicétions of hfghmpomer CO2 lasers (1-18SkNW) are perhaps in
the auvtomotive Industry, e.g. welding of gears and also heat

treatmant of cylinders.

-



2. CApplications in Biology and Medicine

l.asers are being increasingly used in biological énd
medical applications., Here the laser can be used either as a
'diaénostic tool or to produce an irreversible change of tha
biom@lecule,>of the cell or of the tissue (laser photobiology

and laser surgery).

;'In hiology., tha main use Qf lasers is that of a
diagrnostic tool, e mgntion here the following laser
techniqués: (1) flugrescenace fnduced by ultrashort‘léser pulses
in DNA, in dye-DNA cowmplexes, and in dyes involved 1n
phpﬁosgnthesis; (ii) resonant Raman scattering as a waans of
stuaging'piomolecules such as haewmoglobin or rhodopsin (the
latter being responsible for the wmechanism of visibn);

(iii) photon correlation spectroscopy to obtain information
about the structure and ﬁhe degrea of aggregation of various
biowdlecules; (iv) picosecohd flash-photolysis techniques to
probe the dynamic behaviour of biomolecules in the aexcited
st@ﬁe. Particular mention should be made of the so-~called flow
microfluoromatars, Here, mammalian cells in suspension are made
to pass througﬁ a special Flom’chambep whereae they are a}igned
and then paﬁg,»oné at a time, through the fOCU$$éd beam of an
Art laseb. Bg'suitablg placed nhhtodetectohs, one . can thus
meésurea (i) t&eﬁlight that is scattered firom thé cell (wﬁich
gives information on its size); (ii) ﬁhe fluarescence from a
dye which isg boGnd to a specific cell consistituent, e.g. the
DNA'ﬁthis gives infarsation on the amount of that constitutent).,
Theﬂadvéﬁtage of 516@'M10b6f1u0ﬂametrg is that it offers the
possibility of;pébfébm@ﬁé measurenents on a large number of
cells in a'liﬁitéd tg;e (the cell flow rate is typically Sx104
cells/min). This me;i&s a - -good statistical measurawment

precision.



In the field of medicine, the predominant use of lasers
is for surgery (laser surgery). A few diagnostic applications
have alsco beern developed, however (e.g. clinical use of
microfluorometers, Doppler velocimetry Lo measure the blood
velocity, laser fluorescence bronchosappe o detect lung tumors

in their early phase).

For surgery, the focused laser beam (often a CO2 laser)
is used in place of a conventional (or electric) scalpel. The
infra-red beam from the CO2 laser is strongly absorbed by the
water molecules in the tissue and produces a rapid évapaﬁatiah
of these molecules and a coansequent cutting of the tissue. The .
pr}hcfbal advantages of‘a laser beaw scalpel can be summarised
. as fclloms: (i) The incision can be made with high precision
particularly when the beam is directed by means of.a suitable
microscope (laser microsurgery), (ii) Passibiity of operating
in inaccessible regions, THus in practice any region of the
body which cankbe ob&eﬁved;bg means of a suitablé optical system
(e.g. lenses o mirrors) cary be operated on by a laser,
(igiB‘Drastié seduction in haematic losses due to the

cavterising action of the laser beam on the blood vessels (up to

a vessel diametér_of ~0.Smm) ., (iv) Limited damage to the
adjacent tissue (é few tens of micrometers), These advantages

must, hqmever,.be balanced againsﬁ the follawing disadvantages:
(i)~c0ﬁsiderabigﬁcost and complexity of a laser surgical unit;
(ii) smaller velocity of the Iaseb scélpe1; (iii) reliability
and safety problehs assbciated with the laser scalpel.
'Having-ma@e’thése_geﬁeral comments on laser surgery, we
now 9o on to péqQ;d§‘$ﬁmé more details concerning a few of these
applicatiahs.‘ Ig‘abﬁthalmologg‘phe lésgr has aliready been in
use for SéVEP@T Qeabs:to tweaﬁvthe detacﬁment of the retina and
to cure diabetié‘ﬁétiﬁowathies. ‘In this case the laser beam
(usually Art) is focussed on the retina through the lens of the
eye . The graeesn beam.of the laser i$ ﬁuﬁﬁnélg absorbed by the

red blood cells and the cansequent thermsal effect can lead to



re—-attachment of the retina or coagulation of its vessels, The
laser is mnow finding increasing use in otolaryngology. Use of
the laser is ﬂawticularlg attractive in this branch of surgery
since it is concerned with organs such as the trachea, pharynx,
and the middle ear whose inaccessibility make them difficult to
operate on., ‘Often, im this case, the laser is used in ‘
conjunction with a micoscope. The laser has also been found
useful fFor surgery within the mouth (e.g. for removal of
papillomas or tuboursy. The principal advantages here are
hemostasis, the absence of post-operative edema énd pain, and
the more rapid recovery of the ﬂatientl, The laser ﬁas also
proved its usefulness in treating:cases'of heavily bleeding
legiané in the gastrointestrinal tract, In this case the laser
- beam (usually Nd:YAG or Art) ig directed to the region to be
treated by means of a special optical fiber 1h3ertéd in a
conventional gastroscope. The laser also appears promising in
gynascology where it is mostly used in conjuwiction with a
micﬁascope (the calposcope). The consitderable redguction of’
edema and pain is again'é‘ﬁotemarthg feature of the laser
scgfpél. Iﬁ dermnatology lasers are often used for the ﬁemovél
of tatoos and for treating some vascular diseases (e.g. port

wine stains).

Y



3. Information Processing and Recording

In this section e describe some laser applications to
the reading and wrlﬁing of information (either in coded or
analogue form). Sowma of these applicapions fall within the area
of high t&chﬁologg. such as optical memories for computérs,
while others are mnore consuner oriented., such as bar-code

raeacders and videodiscs.

The bar-code readers read coded information shown on
goods to be sold in superwarkets, The characters mﬁich identify
the product are usually written in a ten pit code in the form of
vgﬁtidal bars of different width and spacing. Thea scannear
- consists of a Ha-Ne laser whose light is focussed on the bar
code ., A nphotodetector measures the light reflected from dark
and ‘white regions of the bar code. Thus the scanner
automatically reads the code and transmits the data to a
pomputeﬁ to which the cash registers are linked, The cowputer
recogniﬁes'bhe product,'brbvide$ a printout of i1ts name and
pr;de} and also updates the inventory. The use of these
scanners has resulted in a considerable reduction of routine,
cash register Opmratiohs.

Anothgr GON$UNEP»OP1@nted apblication, or rather, an
actual oon$uﬁgriproduct, is the videodisc (and the audiodisc).

A videodisc carries a recorded yideo’brogram'mhich can then be
played bDack and‘displaged on a conventional TV set, The optical
vidébdiscs are,whipbén by the'manufacturer using special -
scﬁfbing @quipm&ﬁp and then read by a laser (presently He-Ne in

A}

the domestic vidéodis&,readeh)ﬂ‘ A cowmon még of recording
involQes duttiméﬁfﬁloﬁg concéntric tréCKS'ér a spiral ﬁrack)
pits of vérging Jenéﬁﬁfénd ﬁpacingf The pits have a depth of
A4, wherea A~;é the‘ﬁa;alength of the laser wsed for the reading
process.,.ouﬁing readinglthé laser pﬁaﬁﬁis focussed down so that
it falls on onea thack only éthe track width is somewhat smaller
than the laser spot size,  and tﬁe pitéh approximnately equals the

spot size), When a pit falls within the laser spot the



reflection is reduced due to the destructive interference
between the light reflected from the sides and that reflected
from the bottom of the slot. Canversely, the absence of a slot

results im a suﬁonglﬁeflectian. In this way the TV information

can be recorded digitally, The principle of the audiodisc is
similar, The principal advantages of both laser video and

audiodiscs are that a high density of recorded information can
be achieved and that the Peadiﬂé process does not require
contact with the substrate (hence the absence of wear). The
main ﬁﬁoblem whiich has sobfav‘limited the sale of these systems
is the high price, which in part is due to the pricé of the
He-~-Ne laser, This problem fs being overcome by using semi-
COﬁductdﬂ rather than He-Me lasers, A dhématic reduction in

-price is expected for systems using semiconductor lasers,

, Anqther acplicaﬁion of lasers to the writing énd Peadihg
of coded inFaPmatioh is that of optical memories for computers,
The interest in such memories is agair based on the high
infcr—matioh density which can potentially belachieved. Laser
teqh;hiques‘should in fact be able to provide an information
dénsitg of ~107 pits/cm? since the beam can be focussed to a . .
spot size of the order of the wavelength, The writing technigue
consists q? gnill;ng small holes in an opaque material or in
'sqme way*,cﬁanqing the tﬂanamissién e refrecticn properties of
a given subéhﬂate by using a laser of sufficient power (usually
,Ar*”dr He-~Ne) . This recarded information is then read by a
lowépogeﬁ laser, or by the samex laser at reduced power, The
lsubaﬁﬂage is mftenlmade of photosensitive material and még even
be a photam graphiq‘filﬁ. HGwever,-mahe'ofAthese substrates
can be eﬂéseq;‘éﬁésébfe memchies héve Deen ngeldpedf based on
the t}"ler~m0-“-% magr'gét‘,‘i ¢ férroel e—:l,r‘ ic, or bhm t:,;:)crwa"*om ic ef‘f‘ecf.s .
Optiqa} memoﬁ}es.usihé_ﬁhe ;ecﬁnique of hologbéphg (holographic
memories) havé'alsofbeén deveiabed. In conclusion., however,
wh;le the technjéal feasibiiitg of onticalvmamories Haé alreacy
been demonstrated, tﬁeir ecéﬁomical viability appears to be, as

yet, rather uncertain.



|4, Measwwenent and Inspection

The properties of directionality, brightness, and
monochromaticity wmakes lasers very useful for a variety of
measuremnants and inspection techniqueskin incdustrial process
control of méchine toonls and in civil‘engineering. We also
include in this section geodetic wmeasurements and pollution

monitoring.

One of the most canmon industrial applications of lasers
is for alignment purposes, The laser's directiomnality makes it
ideal for establishing a straight reference line for aligning
maphinérg for aircraft construction, and for civil engineering.
~usés such as constructing buildings, bridges, or turnels., In
this field the laser has very largely replaced the optical
instruments used previously such as collimators or telescopes,
One generally uses a visible He-Ne laser of lobw power (1-SmW),
and alignmant is often achieved with the help of solid-state
detectors in the fora of quadﬁants. The pcsition of the laser
beam Oﬂ the’ receiver is determined by the value~of photocurrent
from edch quadrant . Aligrnment 1s then dependent oy simple
electrical measurements, thus avoding the reliance on subjecbiVe
Judgemeant bg‘the ogerator (which has often been a source of
eﬁﬂor 1nuthé.e¢blier optical syqtéms) The aligmnment precision
obtainable in prdctice in a mork 200 ranges fnom ~Sum (at a

distance of ~Bm) to ~2%5um (at a distance of ~1Sm).

‘Laweﬂs'ahe élso used Par'diqtance measurenents., The
techﬂlqué'Ubed dépehas oh the magnltude of the length to be
measuhed. For bhorﬁ Slbbance (up to ~q0m) interferometric
techhiqueﬁ are-ubed q}th ‘a fbequencgmﬁtabilised He-Ne laser as
thé light souﬁcenﬂﬁﬁﬁh intermediate distances (up to ~lkm),
telenatry techni@uagfﬁﬁvolving amplitdde modulation of He-~-Ne or
GaAs lasers are uéad; For greater distances one measures the
time of flighb of a short light pulse (perhaps a few tens of
nanuseconrds ) emitted by a Nd: YAG or CO2 laser and reflected by

the object .,



The interferometric measurements of distance usually
rely on the use of a Michelson interferometer, The laser beam
is divided by a beam splitter into a measurement beam and a
- refeaerence beanr, The reference beam is reflected by a fixed
mirror while the measurempent beam 1s reflected by a mirror fixed
to hhebcbject bering measured, The two reflected beams are then
recombined s0 as to interfere, and their combined amplitude is
measured by a delector, Whert the position of the obyject is
'changéa atong the beam direction by A/2, where A is the laser
wavelength, the'intevfehence signal will go fFfrom a maximum
though a minisur and back ta a maximuw again. A suitab]e
electronic fringe couwnting system camn therefore give information
on the displacement of the object. This measurement technigque
is usually employed in high-precision machine shops and allows
length beasurements to be made with an accurcy of one part per
million, It ahould be noted that this technique only measures
distances relative to a given initial position. The advantage
of the technique arises from the fact that it is fast, accurate,

and is compatible with avtomatic caontrol systems,

For greater distamces, amplitude-modulation telemetry is
used . Here the laser beam (He-Ne or GaAs) is amplitude
modulated, and the length is'det&hmined feom the phase
difference betweean the~eﬁitted amnd return beam., The accuracy is
agdin one part per millicn (i.e.,_fnmiover a 1km distance),
This‘tgchﬁique(is'uséd i geédesg éﬁé'cabtogvaphg. For
distances gﬁeapeb‘than.fkm\ the dlsbéhce is determined from the
time of flight of a ghawt laser pulse;(IOwSOns) emitllted bg
@-switched ruby or. Nd:YAG laserd. These applicatiaons are mostly
of military imtéﬁést (iasew rangefinders) and will be discussed
in a separate~sé¢tién. Amaﬁg the nbnmilitarg applicatians;
however, mention should be made of the measurement of the
distance between the earth and the moon (with a precision of

~20cm) and the ranging of satellites.
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The high degree of mmnachwomaticitg‘makes it possible to
use lasers for velocity measurements, for both liqgids and
solids, by a technique known as Doppler velocimetry, In the
case of a flowing liquid, one illuminates the liquid using a
laser beam, and the scattered light is then detected, Since the
liquid is wmoving, the frequency of the scattered light is
shifted, due to the Doppler effect, to a value slightly
different frrom that of the incident light, This frequency shift
is proportional to the velocity. Thus by observing on a
detector the beat signal between the scattered and incident
light, one can measure the liquid velocity, The same technigue
can obviously be applied to moving so0lid objects. It has the
advantage of being a noncontact meaSUﬁement'and. due to the high
laser monochromaticity, of being very accurate over a wide
velocitg range (from a few centimetres per second to several

hundred seters per second).

Anather field in which the laser's properties of
directionality and sonochir-omaticity are put to good use is that
of ambient measurement of the concentration of variouws
atmaspheric pollutanﬁé. Conventional techniques require
collectian of'tha sample (which is not always easy) and
subsequent chemnical analysis., These technigues cannot therefore
give realtime data amnd some of them do not lend themselves
readily to avtomatic measurements in fixed locations. The laser
technique consists ofxseﬂding'the light of an appropriate laser
tﬂroggh the atpw&phéﬁi@xbegion‘of interest and then detecting
the backs¢attgﬁed.ligﬁéfaftér collection by a telescope. The
consplete system ié‘called an obtical radar of LTIOAR (from light
detection éhd*ﬁaﬁgihgjlvrThe interaction of the laser light with
the atmospheric ﬁollﬁténts ihvdlves several phenomena, namely,
elastic scattééihg,‘Raman séatterihg, fluorescence, and
absawotioﬂ.“Eaéh of these phenomena has been used to detect and
measure the canaeﬂtﬁatjon of a large variety of atsospheric
pollutants (smoke, 802, NO2, etc.). The lasers used include
Pubg.VFPerancgwdoubled Nd:YAG,‘dge laﬁars; and various medium-

infrared lasers,



S. Optical Communications

The possibility of wusing a laser beam for communications
through the apmosph&re at first aroused qQuite a lot of enthus-—
iaswm since lasers could in principle offer two iwmportant
advantages: (1) The first arises from the availability of a
large‘0$millating hancwidth, since the amount of information
that can be transmitted on a given carrier wave is proportional
to its bhwmwndiwidth., In going from the wmicrowave region to the
optical region the:cavbier frequency increases by about 104,
thuz allowing the possibility of a much larger oscillating
bancwidih, (il1) The second arises frowm the short wavelength of
the radiation. Since a typical laser mavelength is about 104
times smaller than a typical microwave wavelength,. as a conse-
cuencea the divergence is 104 times smaller for. optical waves
compared ta microwaves., To achieve the same divergence, the
antenna of an optical system (mirror to lens) could therefore be
much smaller, These twoa important advantages are, however; .
nullified by the fact that, under conditions of poor visibility,
light beams are stﬁaqglg attenuated in the atmosphere, The use
of lasers Fdr free-space (wguided) communications has therefore
only been devélcped forre two particular (although important)
cases: (1) Space communicatins between two satellites or
between a satellite and a yground station that is located in a
regiomn of waﬂtlcularlg favourable climablic conditions, The
lasers used in this.casé are either Nd:YAG (with data rates up
to 109vbit/s) UF.COZL(Nith data rates up to Sxioé bit/s). The
CO2 laser, algﬁaugh.HaQihg higher efficiency, requires a nore
complex Metécm;anjsggtém and has the further disadvaﬂtage'that
its mayelemgtﬁrisl~10itimes\léﬂgar than that of Nd:YAG,

(ii) Paintmtomépint éu&muﬁiﬂaticns over &huvtldistances, e.qg,
data twan$m1$éian mithin thé.same building. In this case

semnicornduetor ;asers are Lhe mc_‘)st attractive sources.

The main area of interest in optical communications,
however, realies omn tbam$miﬁsioh through optical fibres, ouided
propagation of light along fibres is a pheﬁamenon which hés been



knowrt, Tor many years, However these early optical fibres were
used over very short distances, a typical application being in
medical instruments for endoscopy.  Thus avougd the end of the
1960's the attenuat.ianrof‘ the best optical glasses was ~1000
aB/km. Since then, technological development of both glass and
quartz fibres has dramatically improved this figure down to
attenuvations smaller than 0.5dB/km for quartz (the lower limit
being determined by Rayleigh scattering int he fibre medium).
These very low attenuations have now established an importaht
future for the use of bbtical fibres in long-distarnce

campunications.,

A typical optical fibre transmission system consists of
a light source., a suitable optical coupler to inject the light
into the fibre, and, at the end of the fibre, a receiver (a
photodiode ) again coupled to the P;bre. Repeaters are placed
along the tranmsmission path, with a spacing which may range from
2 to 150 km, The repeaters consist of a receiver and a new
enitter., The light source is often a double-heterostructure
semiéanductor laser. The life of these lasers has recently been
improved to'~105h. With suitable design of the laser the
Temission wavelength can be adjusted to fall either at 1.3um or
near 1.6pm, corresponding to two absorption minima in a quartz

fiber, .Dewending.pn the diameter d of its central core, the

type (d=50um) . Foh.the transmission rates employed to date (~50
Mbit/s), wultimode fi&hes are éammenlg used. ,Fﬁr higher
transmission rates, éiﬁélemmode fibres are more suitable.

I cohéigdmg’itvm"s section, it is interesting to hote
that the apdliéation.of aﬁtical fibres to telecommunications is
not canfinéd_ta lanémdistahce (and high cost) systemns. For data
tﬁamsmisgimnndvéﬂ sh&%teridistanee (e.g., within the same
building or on boahdfén airplane or ship) use is made of an
incoherent light-emitting diode coupled to a multimode fibire.

~



30

6. Military Applications

Military applications of lasers have until recently
accountaed for the largest share of the laser market as a whole.
The wmost important applications at present are for (i) laser
rangefinders, (ii) laser target designators, and (iii) directed-

enargyd Wesapons .,

Tve laser rangefinder is based on the same principle as
that involved i a conventional radar., A short-duration laser
pulse (usually of 10-20ns duration) is aimed at the target and
the backscatteﬁed pulse is monitored by a suitable optical
receiver including a photodetectort, The range is found by
measuring the time of flight of this laser pulsé. "The main
advantages of a laser rangefinder can be summarised as follows:
(i) weight, cost, and complexity considerably 1es$ than for a-
cunventianal radar; (ii)'abilitg to make range measurements even
when the target is flging just above the land or sea surface.
The main disadvantage is that the laser beawm is sitrongly
dtlenuated by the dtmo&phere under low-visibility conditions.’
Several tgpea of laser rangefinders, with ranges up to ~15km,
Care cuwrentlg‘in use: (i) hand-held devices for infantry use
(one of the latest models developed in the USA is of pocket size
and weighs only 5009, including the batteries); (ii) systems for
use on board of uénks; (iii) anti-aircraft ranging systems.

A second. m111barg application for ldwers ig as target
designatars., The pclnclple is very simple: A laser, placed in a
sbﬁafegiC‘ﬁds1t10n, 111um1ndbeo Lhe target, Due to the high
laser’ br:ghtne”%. Lhe Ldbget, mhen viewed theough a marrow band
Optical frilter, will dppear as a bright spot, The weapon {(which
may be, a bbmb} a Pocket, ur other explosive device) is equipped
with an aﬂwﬂaﬁbiate bens;ng;sgstem. In its simplest form this
‘could be a lens to image tﬁe target onto a quadrant photo-
detector which controls the'éteering system of the weapon and
thus guides it onto the target. In this még very high firing

accuracy is obtimnable (a laser pointing accuwracy of ~1lm from a
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diastance of iOkm apperars feasible). The laser is usually

Nd: YAG, while 02 lasers appear unsuitable cwing to the
complexity of the photodetaectors required (which involwve
cryogenic temperatures)., Target designatian may be performsed
ffrrom an airplane, helicopter, or from the ground (e.g., using

hand—-held target designators),

Considerable effort is nom being devoted, bath in the
USA and USSR, to develop lasers for use as directed-energy ’
weapons ., In this case'lérge laser systems are enviaaged,.with a
powers perhaps in the megawatt range (for at least a few tens 0f
secands). A optical system directs the laser beamw at the
target (airplane, satellite, rocket) with the aim of causing
irreversible damage to its sensirg equimmant or of'cauaing sueh
a damage to its surface that a failure eventually results from
flioght stresses., Ground-located laser astations appear less
promising, owing ta the so~called thermal blooming which mould’
occur in the atmosphere. The atmosphere ié-h&ated by the beam
{due tmvabs&ﬂption), amnd this results in a negative lens which
defQAU$$es the beam. _Thié problem can be avaided by having the
laser on baérd'an.aiﬁplane flying at high altitude or in a
‘satellite. Military secrecy about these develmpménts has
ensured that the available information on this subject is sparse
andrfragmemtahg.' It seems, however, that beams with cw power of
5-10 MW (for a'féw seconds) with pointing optics of S—-10m |
diameter may be ihvolved. The mast promising lasers for this
appliagtion are chemical lasers. Chemical lasers are
waﬂticularlg,intenéﬁtiﬁé for airborne iaser qtations since the
requ1red anergg Ldﬂ be btared compdctlg in the form of chemical

S energy of su1table ﬂeacbants
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7. Applications in Physics and Chemistry

The invention of the laser and its subsequent
devalopuwaent have depended on Pundamantal'knowledge drawn from
the fields of physics and chemistry. It was therefore natuﬁal
that applications of the laser to physics antd chemistry should

have haeen among the first to be considered,

Iy physics the laser hasg initiated quite new fields of
invaestigation and has dramatically stimulated sowe already
existing fields. It should also be recognised.-that the studg'of
laser behaviour and thae interaction of laser beams with matter
themsalves consistute new areas of study within the field of
physics, A particularly interesting example‘of a new area of
investigation is that of nonlinear optics, The high intensity
of a laser beam makes it possible to observe new phaenomena
arising from the nonlinsar nespoase of wmatter, We mention in
particular the following processes: (1) harmonic gensration
wheraby sultable materials., whan excited by a laser beam at
freguency £, can p6oduce é naw coheraent beam at frequency 27
( second harﬂonfc), 3fF (third harmonic), etc.; (ii) stiwulated-
scattering. in this case the incident laser beam at freqguency €
interacts with a materialfaicitatioh at frequency fy (e.g., an
acoustic wave) to produce a coherent beam at frequency ety
Both harmonic'g&hﬁration and §timulatmd scattering are wused in

practice tg generate intense coherent beams at new frequencies. .

While it ié-pésbible with conventional light sources to
produce light pulqps domn to ~10-9 seconds, laseP5~aP¢ now able
to produce pul,es dnwn to ~10-13 ps. This has apened up
p0331b111t1es Por invmst1gaf1ng A wide varxetg of phenomena,
based on the e ¢apﬂb111ty of vultrashort t:mmmrowolved
mea$urmments.‘ blnce mang_1mportant processes in phgslrs,
chemistry, -and bioiﬁgg.have timé scales in the picosecond. range,

this is an exciting new peVelopment.



I the fField of chemistry, lasers are used dboth for
diagnostic purposes and for pgroducing an irreversible chemical
change (laser photochemnistryg). In the area of diagnostic
techniqgues, particular mention should be made of “resonant Raman
scattering” and "coherent antistokes Raman scattering”" (CARS).,
N}th these techniques it is possible to Obba}n considerable
inforﬁatian o the structure and properties of polyatomic
molecules. The CARS technique can also be used to measure the
concentration (and temperature) of a molecular specieé in a
given limited spatial. region. This capability is being '
exploited in detailed studies of flame combustion processes and

(electrical discharge) plasmas.

Perhaps the most interesting chemical application for
lasers (at least potentially so) is the field of photochemistry,
It oshould be borne in ming, however, that owing to the high cast
of laser phwotons, the commercial exploitation of laser »
photoachenistry can only be justified when the value of the
erndd product s very high, Suchr a case is that of isotope
separation (in Qarﬁiculah, far uranium and deuterium). The
basic idea'ﬂaré is ta $eiectivelg excite by a lasér beam only
the wanted isotopic species. Th{s-swacies, aonce in the excited
state, is easily distinguishable and hence separable (perhaps by
chemical means) f£rom the unwanted species left in the ‘ground

state.
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Case Histories

(a) Video Discs

Philips and MCA, an American entertainment conglomerate
demnonstrated the first laser videodisc playérs in the early
1§?0's. They both had the same basic idea: by focussing the red
beaw from a hel fum-nNeon gas laser on to a spot about a micro-
meter in diameter, they could play back video signals'wecoﬁded
as pits on a rapidly ratating disc. Small pits are vital to'
record the broad bandwidth of video signals — six smegahertz
compaﬂed to the 20 kilohertz needed for audio. The two firms
sooy agreed on a standard format which cramsed am houﬁ of video
onto a side of a disc ~ a long playing time was cohsidehed'Vitai
to mass sales. |

Visions of-a mass market for home videoaisc plagyers led
Philips to try to persuade other manufacturers to produce .
hurndreds of tbaU$aﬂdé of helium-neon laser tubes at $15 to 2%
apiece. But the#e.WEPe problems: the players' arrival in the
shops at thé end of 19?8 was well behind plan and, at $69%5,
well above the target price of $400. some of the early players
and discs did not workaPaperlg. RCA came out withvan.incompatw
ible laserless Videodisp.plager at a lower price amnd still
aﬁmther.iMGQMpatdble format was developed in Japan,

Thet moﬁﬁtvhgms, however, came from the public, which
greeted the,iﬁupgdpat;éh'gf the videodisc player with a 1oig
yawn. It ﬂéd'metjthéfy;ueacas$ette Fecwwder first, and liked
i|t’ ' ""\ "‘ PR i

Piwﬁgér df‘Jéﬁéh'is a5€ill trying valliantly to ucreate a
hemem&ntabtéihmeht‘ﬁéﬁget,Far vidaodisc in the United States.
The céhpang offerg'b;agers Poﬁ as little as $299, and a range of
material including movie dlassics'such as Bone With The Wind,

cult programmes such as Star Trek, and lots of music videos.
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The biggest role for videodiscs seems to be in the commercial
world. Videodiscs carf be hooked to a computer so that a pupil
can be taught by a program withh the matérial o the disc
Similab systems also sane as sales gids, and videodiscs

geneﬁaté‘images of television quality for arcade games.

Ironically, a spin-off of the videodisc has already
become far more successful than the videbdisc itself, That is
the compact disc player, a digital audio system based on a
for-nat jointly developed by Philips and Sony. Pits 9PéPéCOPQEd
on the reflective disc, which is 12 centimetres in diameter, are
played back pg an optical head which indludes a laser and a
light detector. The recordings are an audiophile's délight.
They lack totallg the background noise inherent on tape orl
records, and the discs survive all but the most deteﬁmined
effarts to destroy them.,

- Compact disc players rely on tingQ aemicondqctar lasers,
rather than the bulRier hel ius-neon gas lasers still found in |
some plagers. S&micqmductab lasers produce infra-red beams,
unlike the Visible, ﬁéd beams from helium-neon lasers, but that
does not mattiter to an optical players. Semicpﬂductor lasers are
conpact, longwlived,;and cheap (repgortedly they can be purchased
in bulk in Japah for $9-6 each). Several hurddred thousand such
inexpaﬂsiva sémiéaﬁductor lasers were made last year, and

production seems sQPe to pass the million mark this year.

The,cqmpacf-d{séwplager is the first device to put the
laser into the homé‘in-large nusbers thouwgh many buyers may be
no nore concious'of the laoer than they are of the diamond tip
of & phunugraph needle ‘ PPILEQ have drupped from the $1000
range to a fem hundred dollahs each since Sony introduced the
first bempabt d1ac plager, in March 1983 in Japan, Sony has
introduced cab;and pgcbabl 'cémpact disc players, and some
people have predicted thatAthe SO0 r aph Paccrdvmag be obsolete

in five years.,



Even before the compact disc player appeared., many
companies were working on optical discs to store computer data.
They started with 30-centimetre discs, like those used for
video, which could store a billion or more bytes for mainframe
computers., Now they have moved to the smaller compact disc
farmat, which can hold wup to half a billion bytes and seens
bétten suited to personal computers., With current technology,
data can be written once; but. rread back indefinitely. Erasable

optical discs are still in the laboratory.

Amother variation is just reaching the market, the
CO~ROM (campact—dise read-only seaory) drive unit, which reads
software from prerecorded optical discs. Each disc hés enousyh
capacity to store a computer's manuals and instructions as well
as its Sartwaré. Some observers hope that Cb-ROM wmight provide
a way around the t»oubleswme-prablem.of software piracy, because
software would tre stored on & permanent medium which would be

separate from the read/write magnetic disks.
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(b) - Bar Code Readers

It was the Super Market Institute in the US that made
laser- reading of bar codes popular in 1973 when it adopted the
University Product Code (UPLZ)., A unique UPLC symbol was assigned
to each product sold in its wembhers' grocery stores. A laser
séanner at the cash desk would read the codes, and purchases
would be tallied automatically. The érig;nal idea was that it
would save labour in adding up prices., and by avoiding the need

to mark prices on pachkages,

Tt looked like a geolden opportunity for the laser
industry: and within a couple of years a dozen companies'had
annoUnced plans to make bar-code scanners., Actually, the
ingustry could not have picked a worse ﬁime.‘ Food prices were
soaring, and shoppers were looking warily at packages to see how
much the price ad risen since théir lLast visit to the shop. .
Store managers soon realised that custoners would sooner gon
elsewheara than, trust a computer‘tonring wp the right prices,
particularly wh@n‘the right orices were not even on the
paﬁkages. N few states in the US enacted laws Pméuiring pricaes
to bhe mérkmd i@giblg oan béckages. L.aser scanners werae installed
at a snail’ﬁ pace, asnd the nunber éf nanufacturars soon dropped

to two, IBM and Spactra-Physics.

By about 19@@, salesrof bar-code scanners finally began
Lo grow quick}g. Mahg‘éhops in the US;still mark prices on each
package but the $c$nnéf§ ahe stirl worthuhile because they save
labaour at the tillé,'and they automaticallg keep stock. (One
manufacturér, Natxonar Semicondurtor even orferé a scannar with
speech sgnthesis that weads thp prices out to custowars while

the shopkn@per silently macks thp bags) .



Scanners are caommanplace in Amperican supermarkats,
Iraonically, the laser content of the scamners (a red helium-neon
laser) is seldom mentioned by the shops, Perhaps they are
afraid that customers will think that a laser beam might

vaporise them and their purchases.

Bar-code scarmning has worked so well that UPC-1ike
symiols have appeared in many other places. American magazines
and paperback books have bar codes printed on their caovers so
that wholesalers can keep track of unsold copies returned to
them. Federal Express puls bar codes on the packages it ships
ovarnight across the US. In 1982 the US Department of Defense
told suppliers tg put bar codes on all packages shippéd to it.
‘Several industries followed suit afterwards. One industry
source has estismated that by 1990 some éo peﬁ cent‘of America's
grass national pﬁcduct will be tagged, at some stage, with bar
codes. The technology has adVancéd slo&er in Britain and
Western Europe, but it is gainimg acceptance there as well.

Not all bér codes have to be read with a laser, other .
light sowrces will'work'in hand-held wands passedlaver the
printed symbol, Semiconductor lasers are increasingly coammon,
but the diffghence pétween their iﬁfrawred wavelength and the
red output of the Hélium~neon laser coauld cause pirrablems if care
is not taken iﬁ‘égiour printing of béﬁ.codeﬁ. The laser "sees"
an ink the same colour as its beam as being white because both
Cwhite paper a@d the1cm1¢dﬁed ink reflect that light strongly.
I the sarly dagé.aﬁigcammePS~a few cémpaniea slipped up by
printinmg bar caﬁas }h£;ed'ink which was invisible to the
helitm- ﬁ&mh‘léééf. Oﬁféouragr‘iﬁ wowld be much harder for .
-people‘td\see1égﬁppié‘éhat’ane highly'béflacbive of infra-red

light beca@se)thé huhéhfegé cannot operate at that wavelength.
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Concluding Remarks

We have seen thaeat lasers, even 2% years after their
discovery, are still full of youthful promise. Many applica-
tions are already well established, while others with great
potential hold promise for the near future, Probably another
ten or twenty years will be needed tyef‘or“e the great revolution

initiated by the laser can be fully appireciated,

So the lasér, which in its early days used to be
referred to as a bright sothion in search of a problem, can
already now be proclaimed as the bright solution to numerous
problems in physics, chemistry, biology, medicine, electronics,

and engineaering,



