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INSTRUCTIONS TO CANDIDATES

Take the article away and read through
it carefully. Spend some time looking
up any technical terms or phrases you
do not understand. You are not required
to research further the particular topic
described in the article.

For the examination on Wednesday

23 January 2013 you will be given a
fresh copy of this article, together
with a question paper. You will not be
able to take your original copy into the
examination with you.

The values of standard physical
constants will be given in the
Advancing Physics Data, Formulae

and Relationships booklet. Any
additional data required are given in the
appropriate question.



INFORMATION FOR CANDIDATES

Questions in Section C of paper
G495/01 Field and Particle Pictures will
refer to this Advance Notice material
and may give additional data related
to it.

Section C will be worth about 40 marks.

Sections A and B of paper G495/01 will
be worth about 60 marks.

There will be 2 marks for quality
of written communication (QWC)
assessed in Sections B and C.



THE LASER — A SURGEON’S BEST
FRIEND

Since its invention and development

over fifty years ago, the laser has

found numerous applications in a wide
range of contexts, including medicine.
Although many different materials 5
are used to make them, all lasers

operate in essentially the same way.
Electrons in the atoms of the selected
material — called the gain medium - are
excited to a higher energy level in such 10
a way that the number of atoms with

this energy E2 is more than the number
with a lower energy E{.This is called

a population inversion: normally the
number of atoms in the excited stateis 1715
much smaller than the number in the

lower energy state. If a photon of energy
hf = Eo — Eq passes through the gain
medium an electron in the higher energy
level can be stimulated to fall down 20
to the lower level. Another photon is
emitted when this happens — see

Fig. 1. The emitted photon will have

exactly the same direction, frequency

and phase as the photon which 25

4



stimulated its production in the first
place: the two photons will be coherent.
This process of stimulated emission
was predicted by Einstein in 1917.



FIG. 1: STIMULATED EMISSION
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To make a laser, the gain medium is 30
placed inside a ‘cavity’ made with

two mirrors facing each other, Fig. 2.
Photons travelling in a direction paralliel

to the cavity axis bounce back and forth
within the cavity causing stimulated 35
emission, increasing the number of
photons all the time. A standing wave
forms within the cavity which has a

fixed length, d. One of the mirrors is a
partial reflector so that light from the 40
standing wave can leak through it and

form the laser output. What emerges is a
monochromatic, coherent and powerful
beam of radiation.



FIG. 2: THE RADIATION REFLECTS
BACK AND FORTH IN THE GAIN
MEDIUM CAVITY, BUILDING UP A
STANDING WAVE
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LASER ENERGY 45

In some lasers, the population inversion

iIs maintained by providing the energy
needed to raise electrons to the higher
levels In a series of optical or electrical
pulses. Thus the photons also emerge 50
In regular bursts and this is called a

pulsed laser. In others, the population
inversion is maintained continuously

and the laser radiation emerges as a

steady beam — these are continuous 55
wave (cw) lasers. The amount of

energy deposited into the target from a
laser depends upon the energy of the
photons, the rate at which the photons
arrive and the amount of time over 60
which they are arriving.

LASERS IN SURGERY

The use to which a laser is put

depends mostly on the wavelength of

the radiation it emits. Human tissue 65
responds in different ways to different
wavelengths of the electromagnetic
spectrum. Soft tissue is made of many
different substances and each absorbs

9



light in its own way. Three substances 70
in human skin and the soft tissue
immediately beneath it are melanin
(responsible for skin colouring), blood

and water. The absorption by water

of different wavelengths is shown In 75
Fig. 3, in which the absorption

coefficient, u, is defined as the

reciprocal of the depth within which the
intensity falls by a factor of 1/e (about

0.37). For example, an absorption 80
coefficient of 0.1 cm~—1 indicates that

the intensity I of the radiation will

have been reduced to about 0.37 1

within 10cm. The absorption can be
represented by the equation I = Ig e~UX, 85
where I is the incident laser intensity

and x is the depth in cm.
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FIG. 3: DIFFERENT WAVELENGTHS OF
LASER RADIATION ARE ABSORBED BY

DIFFERENT
AMOUNTS BY WATER, ONE OF THE
MAIN COMPONENTS (70%) OF SOFT

TISSUE
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The interaction of laser radiation with

such biological tissue occurs under the
broad headings of thermal, mechanical, 90
and chemical and the precise type of

laser used in a surgical procedure will
depend upon the particular type of

surgery required.

THERMAL EFFECTS 95

For surgical procedures, tissue cells

need to be broken up in a controlled
fashion but without excessive heating
taking place as this could cause

damage to surrounding tissue. Heating 700
tissue to about 60 °C causes what is

known as coagulation, a process which
causes it to shrink. This can be very

useful, for example, for sealing blood
vessels and preventing bleeding. A 105
very narrow beam of powerful laser

light can thus be used as a “bloodless
scalpel”. At higher temperatures

(greater than 100 °C), the water in

tissue cells boils causing destruction 71710
of cells as the vapourised water

expands, a process known as ablation.
Carbon dioxide (CO»2) lasers, which
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can be used in pulsed or continuous
wave mode, have a wide range of

applications, including straightforward

surgical techniques involving

coagulation. The CO2 laser radiation is

invisible, so the visible red light from

a helium-neon (He-Ne) laser is used to

provide a guide beam.
MECHANICAL EFFECTS

When particularly powerful laser
beams are used, energy can be given
to the tissue in a very short space of
time. A pulse of high energy photons
delivered in a nanosecond or so can
break apart molecules without much
heating taking place. This is called
optical breakdown and leads to the
production of short-lived “micro-
plasmas”, tiny regions of ionisation
with a density of liberated electrons

as high as 1021 per cubic centimetre.

The rapid expansion of the plasma
leads to mechanical damage to the
surrounding medium, although this
remains a tiny region. Because it is a

non-thermal effect and cell destruction
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is highly localised this can be used 140
to remove tissue on a very delicate

scale, for example in the eye. One

type of laser used for this work is the
pulsed neodymium:YAG (Nd:YAG)

laser in which the gain medium is 145
an yttrium-aluminium-garnet crystal

doped with the element neodymium. Its
radiation is very penetrating and, when
administered in short pulses, is used

for eye surgery. 150

FIG. 4: NEODYMIUM:YAG LASERS CAN
BE USED TO MAKE REPAIRS TO TINY
LOCALISED AREAS IN THE RETINA OF
THE EYE
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PHOTOCHEMICAL REACTIONS

The behaviour of some chemicals can

be affected very profoundly by light

and other parts of the electromagnetic
spectrum. Certain drugs, for example, 1755
become very active when illuminated

with short-wavelength visible light. If

the chemical is reacting in something

not far below the skin, then the laser

can be shone directly onto the skin 160
surface. However, to illuminate deeper
regions, the light has to be directed

using optical fibres. For this work,
metal-vapour lasers are used, in which

the gain medium consists of a mixture 765
of neon and a vapourised metal, often

gold.

THE FUTURE

By applying the same principles to

different materials for more than fifty 770
years, lasers have found uses in a very
wide range of applications with many,

such as DVD players, bar code readers

and telecommunications, encountered
every day. Current developments of 175

15



solid state lasers have started a new

era in laser technology, though the

basic principle remains the same. As
higher-powered semiconductor lasers
become a reality, no doubt the world 180
of medicine and surgery will continue

to benefit from this truly cutting-edge
technology.

END OF ARTICLE

OCR¥

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content
that it uses in its assessment materials. OCR has attempted to identify and
contact all copyright holders whose work is used in this paper. To avoid the
issue of disclosure of answer-related information to candidates, all copyright
acknowledgements are reproduced in the OCR Copyright Acknowledgements
Booklet. This is produced for each series of examinations and is freely
available to download from our public website (www.ocr.org.uk) after the live
examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any
third-party content in this assessment material, OCR will be happy to correct
its mistake at the earliest possible opportunity.

For queries or further information please contact the Copyright Team, First
Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment
is the brand name of University of Cambridge Local Examinations Syndicate
(UCLES), which is itself a department of the University of Cambridge.

*1 544562840 * 16





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


