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10.4.1The Piezoelectric Transducer

The Piezoelectric Transducer

= The piezoelectric effectis defined as:
The ability of particular materials to generate apotential difference (p.d.)by
transferring mechanical energy to electrical energy

= Atransduceris anydevice thatconverts energyfromone formto another

Howdoesa Piezoelectric Crystal Work?

In the piezoelectric effect, an applied voltage causes a piezo-crystal to contract orexpand, and vice
versa

Piezoelectric Crystals
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Atthe heartofapiezoelectric transduceris apiezoelectric crystal
Piezoelectric crystals are materials whichproduce ap.d.whentheyare deformed
= Thisdeformationcanbe bycompressionorstretching
Ifap.d.is applied to apiezoelectric crystal, thenitdeforms,and if the p.d.isreversed, thenit
expands
= |fthisis analternatingp.d.thenthe crystal will vibrate at the same frequencyas the alternating
voltage
= Crystals mustbe cutto acertainsizeinorderto induceresonance
One of the mostcommon piezoelectric crystals is quartz, whichis made fromalattice of silicon
dioxide atoms
= Whenthelatticeis distorted, the structure becomes charged creatinganelectric field and,
as aresult,anelectric current
= [fanelectric currentis applied to the crystal,then this causes the shape of the lattice to
alternate whichproduces asound wave
= Dueto the conventional directionof electric current, it will flow fromthe positive to the
negative regionofthe crystal

Distortion of a Piezoelectric Crystal

A moleculein a quartz crystal. When the compression and stretching alternates, an alternating e.m.f. is
induced
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Applications of the Piezoelectric Transducer

= Microphone
= Apiezoelectric microphone detects pressure variations insound waves

= Thesecanthenbe converted to anelectrical signalforprocessing

= Ultrasound
= |napiezoelectric transducer,analternatingp.d.is applied to produce ultrasound waves and

sentinto the patient’s body
= Thereturningultrasound waves induce ap.d.inthe transducerforanalysis byahealthcare

professional
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10.4.2 Generation & Detection of Ultrasound

Generation & Detection of Ultrasound
= Anultrasoundis defined as:
A highfrequency sound above the range of humanhearing

= Thisis above 20 kHz, althoughinmedical applications the frequencies canbe up to the MHz range
= Anultrasound transduceris made up of apiezoelectric crystaland electrodes whichproduce an
alternatingp.d.
= The crystalis heavilydamped, usuallywith epoxyresin,to stop the crystal fromvibratingtoo much
= This produces short pulses and increases the resolution of the ultrasound device

An Ultrasound Transducer

The structure of an ultrasound transducer

= Apiezoelectric crystalcanactas bothareceiverortransmitterof ultrasound
= Whenitis receivingultrasound,it converts the sound waves into an alternatingp.d.
= Whenitis transmitting ultrasound,it converts an alternatingp.d.into sound waves

APiezoelectric Crystal Emitting and Receiving Ultrasound
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A piezoelectric crystal can act as both a receiver or transmitter of ultrasound

Using Ultrasound to Obtain Diagnostic Information

= |nanultrasound scanner, the transducersends outabeamof sound waves into the body
= Thesound waves arereflected back to the transducerbyboundaries betweentissues inthe path
ofthe beam
= Forexample,the boundarybetweenfluid and softtissue ortissue and bone
= Whenthese echoes hitthe transducer, theygenerate electrical signals that are sent to the
ultrasound scanner
= Usingthe speed ofsound and the time of eachecho’s return, the scannercalculates the
distance fromthe transducerto the tissue boundary
= Thesedistances canbe used to generate two-dimensionalimages of tissues and organs
= The frequencyof the ultrasound isimportant because:
= The higherthe frequencyof the ultrasound, the higherthe resolution and the smaller
structures that canbe distinguished
Obtaining an Ultrasound of a Baby
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Using ultrasound to obtain information about an unborn child

= Theultrasound gives two mainpieces of information about the boundary:
= Depth:the time betweentransmissionand receipt of the pulse (the time delay)
= Nature:amountoftransmitted intensityreceived (will varydepending onthe type of tissue)
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@ Worked example
Explain the principles of the generationand detection of ultrasound waves.
Answer:

Generation:

= Analternatingp.d.is applied across apiezo-electric crystal,causingit to change shape
= The alternatingp.d.causes the crystal to vibrate and produce ultrasound waves
= The crystalvibrates at the frequencyofthe alternatingp.d.,so, the crystalmustbe cutto a
specific sizeinorderto produceresonance
Detection:

= Whenthe ultrasound wave returns, the crystal vibrates which produces an alternatingp.d.
across the crystal
= Thisreceived signalcanthenbe processed and used formedical diagnosis

@ Worked example

Explain the main principles behind the use of ultrasound to obtain diagnostic information about
internalbodystructures.

Answer:

= Apulse ofultrasoundis emitted bythe piezo-electric crystal

= Thisisreflected bythe boundaries betweenmedia

= Thereflected pulseis detected bythe ultrasound transmitter

= The signalis thenprocessed and displayed onthe screenforthe healthcare workerto
analyse and use formedical diagnosis

= Theintensity of the reflectiongives informationabout the nature of the boundary

= Thetime betweentransmissionand receipt of the pulse (the time delay) gives information
about the depthof the boundary

O Exam Tip

6 mark exam questions about this topic are verycommon, make sure you practice writing about
usingand detectingultrasounds infull,coherent sentences withcorrect spellingand grammar.
Writing short orvague answers could lose youmarks, as well as misspellingwords!
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10.4.3 Ultrasound Imaging

Specific Acoustic Impedance

= The acousticimpedance,Z,of amediumis defined as:
The product of the speed of the ultrasound inthe mediumand the density of the
medium

= This quantitydescribes how muchresistance anultrasound beamencounters as it passes
throughatissue
= Acousticimpedance canbe calculated using the equation:
Z=pc

= Where:
= Z=acousticimpedance (kgmZs)
= p:thedensityofthematerial(kgm‘3)
= c=thespeedofsound inthe material(ms™)

= This equationshows:
= The higher the density of atissue, the greaterthe acousticimpedance
= The fasterthe ultrasound travels through the material, the greaterthe acoustic impedance
also

= Thisis because sound travels fasterindenser materials
= Soundisfastestinsolids and slowestingases
= The closerthe particles inthe material, the fasterthe vibrations can move through the
material

= Atthe boundarybetweenmediaofdifferentacousticimpedances,some of the wave energyis
reflected and some is transmitted
= The greaterthe differenceinacousticimpedance betweenthe two media, the greaterthe
reflectionand the smallerthe transmission
= Two materials with the same acoustic impedance would give no reflection
= Two materials with alarge difference invalues would give muchlargerrefiections

= Airhas anacousticimpedance of Z,; =400kgm—=s-
= Skinhas anacousticimpedance of Zgin=17 x106kgm=2s-!
= Thelarge difference means ultrasound would be significantlyreflected, hence acoupling gel
isnecessary
= The couplinggelused has asimilarZ value to skin,meaning that verylittle ultrasound is
reflected
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ARefracting Wave Between the Boundary of Two Media with Different Acoustic
Impedence

Refraction and reflection of ultrasound waves at a boundary between two materials with different
acoustic impedances (in this case, Z; < Z,)
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@ Worked example

The table shows the speed of sound acoustic impedance infourdifferent materials.

Use the datainthe table to calculate the value forthe densityof bone.
Answer:
Step 1: Write downknown quantities

= Acousticimpedance ofbone, 7=7.0 x10°kgm2s™"!

= Speed ofultrasound inbone, c=4100ms”!
Step 2:Write out the equationforacousticimpedance
Z=pcC
Step 3:Rearrange fordensity and calculate

Z 7.0 X 10°

= — = = -3
P o 4100 1700 kgm

O Exam Tip

Acommonmistake is to confuse the cinthe acousticimpedance equationforthe speed of light
-don’tdo this!

Page 10 of 27
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Reflection & Transmission of Ultrasound

= Theintensityreflectioncoefficientais defined as:
Theratio of theintensity of the reflected wave relative to the incident (transmitted)
wave

= This canbe calculated usingthe fraction:

= Where:
= g=intensityreflectioncoefficient
= /p=intensityof the reflected wave (Wm—)
= /p=intensityoftheincident wave (Wm—)
= Zj=acousticimpedance of one material (kgm=2s)
= Zr=acousticimpedance of asecond material (kg m=2s)

= Thisratio shows:
= [fthereis alarge difference betweenthe impedance of the two materials,thenmostofthe
energy willbe reflected
= [ftheimpedanceis the same, thenthere will be no reflection

Coupling Medium

= Whenultrasound is used inmedicalimaging,acoupleris needed between the transducerand
the body
= Thisisbecause the softtissues of the bodyare muchdenser thanair
= |fairis presentbetweenthe transducerand the body,thenalmost all the ultrasound energy will be
reflected
= To counterthis,acouplinggelis placed betweenthe transducerand the body
= Thisis because skinand coupling gel have a similar density, so little ultrasound is reflected
= Thisis anexample of impedance matching, whichis defined as when:
Two mediahave asimilar acoustic impedance, resultinginlittle to no reflectionof
the ultrasound wave

= Interms ofintensityreflectioncoefficient,a, betweenthe two media:
= Atlowervalues of a,the mediaare impedance matched,so lessreflectionoccurs
= Athighervalues of o,the mediaare notimpedance matched,so morereflectionoccurs
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@ Worked example

Abeamofultrasoundisincident atright-angles to aboundarybetweentwo materials, as shown
inthe diagram.

The materials have acoustic impedances of Zjand Z>. The intensity of the transmitted ultrasound
beamis /r,and the reflected intensityis /z.

(a) State therelationship between /, /rand /p.

(b) Use the datafromthe table to determine the reflection coefficient,a, foraboundarybetween
(i) Geland softtissue
(ii) Airand soft tissue

(c) Explainwhy gelis usually put on the skin during medical diagnosis using ultrasound.

Answer:
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Part (a)
Step 1:List the known quantities

= |ntensityofincidentwave =/

= |ntensityof the transmitted wave =/r

= |ntensityofthereflected wave=/p
Step 2:Relate the quantities:

= Theincidentintensityis equalto the sumofthe transmitted and reflected intensities:
Incidentintensity = Transmitted intensity + Reflected intensity

/= lr+ lR
Part (b)(i)
Step 1:List the known quantities

= Acousticimpedance of gel,Z;=15x100kgm2s!
= Acousticimpedance of softtissue, Z,=1.6 x106kgm=2s-!
Step 2:Write downthe equationforintensity reflectioncoefficient a

y (Zz a Z1)2
(2, + 2,

Step 3:Calculate the intensity reflection coefficient

(1.6 X 10° = 1.5 x 1052 0.12
1T (1.6 x 105 + 1.5 x 106)2 IERE

= Thisresultmeans thatonly0.1% of the incidentintensity willbe reflected, with the remaining
being transmitted
Part (b)(ii)

Step 1:List the known quantities

= Air,Z;=4.3x102kgm=2s-!
= Softtissue,Z,=16 x106kgm=2s-!

Step 2:Calculate the intensity reflection coefficient

C (16X 106 — 43 x 1022 (1.6 X 105)2
“T .6 x 106 + 43 x 1022 (1.6 x 106)2
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= Thisresultmeans that100% of the incidentintensitywill be reflected, withnone being
transmitted
Part (c)

Why gelis usually put onthe skinduring medical diagnosis usingultrasound

= Attheair-softtissue boundary,theintensityreflectioncoefficientis ax1
= Therefore,without gel,thereis almostcomplete reflection-no ultrasound is
transmitted through the skin

= Atthe gel-softtissue boundary,the intensityreflectioncoefficientis a=0.001
= Therefore, the gelenables almostcomplete transmission of the ultrasound through the
skin,with verylittle reflection
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10.4.4 Applications of Ultrasound

Applications of Ultrasound

= The two maintypes of ultrasound used to obtaindiagnostic information are:
= A-scan,oramplitude scan
= B-scan,orbrightness scan

A-scan

= AnA-scan,oramplitude scan,uses asingle transducerto emitasignaland thenlaterreceive the
reflected signalback
= |tisdefined as:
A one-dimensionalultrasound scanused to determine the distance ordepthof an
internal structure

= Thisis achieved by:
= Measuring the time delaybetween generating and receiving the signal
= Usingthe speed ofsoundinthe mediato calculate the distance travelled by the signal
= Thistype of scanisused for:
= Determiningdistances fromthe ultrasound device to the point of reflection (usuallythe
boundarybetweentwo media)
= Forexample,thelengthofaneye needs to be determined inplanning surgeries orassessing
the presence of abnormalities, such as tumours
= This type of scan gives measurements only and does not produce animage

B-scan

= AB-scan,orbrightness scan,isamore complexscanthat produces a2Dor3Dimage of internal
structures inthe body
= |tisdefined as:
Anultrasound scanused to build up atwo or three-dimensionalimage of aninternal
structureusinganumberof sensors orone sensorindifferent positions

= Thisis achieved by:
= Usingpulsed ultrasound waves indifferent positions to produce severalmeasurements of
time intervals between generatingand receiving pulses
= Movingthe transduceroverthe patient’s skin,orusing several transducers, to produce a
series of A-scans that are combined to formanimage
= This type of scanisused for:
= Creatingimages of internal structures fordiagnostic purposes
= Forexample,bones, muscles and organs orcheckingonthe progress of anunborn child
= To achieve the clearestimages:
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= Pulsed ultrasound waves are used to allow time forthe reflected waves to be received and
notinterfere with transmitted waves

= Smallerwavelengths are used to give more detailed images as theywill allow the sound
waves to diffract around finerpoints of detail ontheinternal structure being studied

O Exam Tip
Make sure you cansummarise the keydifferences betweenA-scans and B-scans:

Direction:

= A-scan=onedirection
= B-scan=manydirections/angles
Endresult:

= A-scan=measurementofdistance
= B-scan=2Dor3Dimage
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Pros & Cons of Ultrasound

= Ultrasound is animportant medicaltoolwhen a quick, safe and non-invasive method is required
toimage aninternal structure, this is particularlyuseful for
= Examiningadeveloping foetus
= Gettinganinitial prognosis of amedicalissue before decidingwhetherariskierscan(e.g.CT,
PET) oramoreinvasive method (e.g.endoscope)isrequired
= However,as withallimagingmethods,it hasits advantages and disadvantages
Advantagesof Ultrasound

= Ultrasound is non-invasive (compared to the insertionofanendoscope orinjectionof
radioactive nuclide in PET scans)

= Ultrasound involves no ionisingradiation

= There areno side effects to anultrasound scan

= |tcanimage softtissue (organstructure,muscles)aswellas bone

= Canproducereal-timeimages and videos to show moving systems

= Patients do nothave to remaincompletely still

= Cheaper,fasterand more portable than magnetic resonance (MR) orcomputerised tomography
(CT)scans

Disadvantagesof Ultrasound

= Ultrasound produces lowerresolutionimages compared to MR orX-rayscans

= Cannotpenetrate bone orgas as these reflect ordampen the sound waves (hence,can'timage
the brainorlungs)

= Thedepthofthescanislimited,causingissues forpatients with higheramounts of bodyfat

= Toincrease the penetrationof the scan,theresolution mustbe reduced further

= Thetransducermustbe held normallyto the surface and there must be no airbubblesinthe
coupling gel - this requires a skilled operatorto carry out the examination and interpret the image

= Cannotdistinguishbetweenbenignand malignanttumours (both solids with differentacoustic
impedances)unlike PET scans

Q Exam Tip

These points maywell appearinaquestioncomparing differentimaging techniques. Make sure
youuse comparative statements such as 'theresolutionof ultrasound imagingis lower than that
of magnetic resonanceimaging'.
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10.4.5Fibre Optics & Endoscopy

Fibre Opticsin Medicine
What does 'Fibre Optics' Mean?

= Fibre opticsrefers to the use of light travelling along a flexible fibre to produce animage
= Thisis particularlyusefulinmedicine, as it allows medics to viewinternal structures with the
flexible fibre, without the need forsurgery
What is an Endoscope?

= The piece of equipmentused to do thisis called anendoscope
= Endoscopescontainbundles of optical fibres along whichlightis transmitted to an
eyepiece
= Anopticalfibreis aflexible fibre,orcore,alongwhichlightis transmitted
= Thecoreissurrounded bycladding
= This protects the core -lightescapes ifitis uncleanorif it makes contact with neighbouring
fibres
= |talso hasaslightlylowerrefractive indexthanthe core,allowinglightinthe core to be totally
internally reflected

Cross-sectionof anoptical fibre

Light passing through the core is internally reflected with a large critical angle, 0.

= Thecore'srefractiveindexis onlyjustless thanthe cladding's refractive index
= This makes the critical angle large
= Therefore, the onlylight transmitted by the fibre undergoes a smallnumberofreflections and
thereis averylowamountofloss of information(some energyis absorbed eachreflection)
= Lightthatwould undergo alarge numberofreflections,and losinginformation as aresult, just
passes throughthe claddinginstead
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@ Worked example

The core ofanendoscope has arefractive indexof1.46.The critical angle is 80°.
Calculate the refractive index of the cladding.

Answer:

Step 1:Recall Snell's Law for the critical angle:

sinf = —
C nl

Step 2:Rearrange this for the index of the cladding, nz:

n, = nsin HC

Step 3:Insert the core's refractive index and the criticalangle:

n, = 1.46 X sin 80° = 1.44
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Operationof the Endoscope

= Optical fibres are utilised inmedicine inorderto see withinthe humanbody

= The piece of equipmentusingthese optical fibresis called anendoscope
= |nanendoscope,fibre optics canbe bundled togetheras

= Coherentbundles

= Incoherentbundles

Coherent Bundles

= Acoherent bundle of optical fibres is:
Abundle of optical fibres with fixed positions relative to eachother at eachend and
alongits length

= This type of bundle isused fortransmittinganimage to the viewerof the endoscope
= The optical fibres are grouped togetherinaregular pattern
= Fachfibreisinafixed positionrelative to its neighbours
= Eachfibrereceives and transmits aportionof the image to the endoscope's eyepiece
= Collectively, the fibres make the whole image
= The fibresinacoherent bundle have adiameterof ~10 um
= Thisis small,forahighresolution
= Anysmallerthanthis,however, and diffraction affects the image quality
Incoherent Bundles

= Anincoherent bundle of optical fibresiis:
Abundle of optical fibres grouped togetherinarandom arrangement

= This type of bundle is used to transmit light fromasource to the endoscope's target
= The optical fibres do notkeeptheirpositionrelative to theirneighboursinthe bundle

= Noimage needs to be transmitted, this bundle only transmits light to illuminate the target

tissue

= Thelightreflected bythe tissue is transmitted by the coherent bundle to produce animage
= Optical fibresinthis bundle have a diameterrange of 50 - 100 uym

= These bundles are cheaperto produce thancoherent bundles

Cross-Sectionsof Coherent andIncoherent Bundles

Fibres in a coherent bundle are regularly spaced. The diameters and spacing of fibres in anincoherent
bundle are less crucial, as theirrole is illumination rather than transmitting a clearimage.
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Features of anEndoscope

= Anendoscope features alongflexible shaftconnected to aneyepiece
= Within this shaftis contained:
= Anaperture (hole alongthe lengthofthe endoscope) throughwhichto operate medical
instruments
= Achannelforairorwater
= Anincoherent bundle forillumination
= Acoherentbundle fortransmittinganimage
Uses of anEndoscope

= Endoscopescanbeusedsimplyforviewinganinternal system, e.g.lookingforatumourinthe
digestive system
= Theycanalso beusedto performsmallmedical procedures,usingtools throughthe aperture e.g.
taking tissue samples forfurtherstudy
= Some examples of procedures usinganendoscope:
= Gastroscopy(examining the upperdigestive system, see the diagrambelow)
= Colonoscopy(examining the lowerdigestive system)
= Arthroscopy(examiningjoints forissues such as arthritis, through a smallincision)
Basic Structure and Use of an Endoscope
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The structure of an endoscope allows internal organs to be viewed or sampled. The lowerimage shows a
gastroscopy, in which the upperdigestive system can be viewed.
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= Endoscopyiscommonlyusedinstead of surgerybecause:
= Endoscopyisless painful thansurgery
= Thereis alowerinfectionrisk thansurgery
= Therecoverytimeis fasterthanthat of surgery
= Ofcourse,endoscopyis limited to small procedures and certainsystems - sometimes surgery,
magnetic resonance scans orotherforms of imaging are more appropriate

O ExamTip

When studying this topic, make sure you are buildingonastrong foundationof knowledge about
totalinternalreflection. Youmayhave to referto this to formpart of yourdescriptions and
explanations of endoscopyinyourexam.

Forexample,anendoscope canonlybend acertainamount before lightcanno longerundergo
totalinternalreflectioninthe core,because it doesn't strike the interface at (orabove) the
criticalangle.
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10.4.6 Magnetic Resonance Imaging

Principles of MRI Scanning
What is MR Scanning?

= Magnetic resonance (MR) scanning, ormagnetic resonance imaging (MRI) is animaging technique
whichtakes cross-sectionalimages of apatient's body
= The basic principle is that by exposing the patientto amagnetic field, hydrogennucleiin the body
respond, and thelocationoftheseresponses canbe determined
= Thisinformationis thenused to show structuresinthe body(butnothow muchtheyare
functioning)
= This makes MR scanningapowerfultoolforimagingorgans and locatingmasses,suchas

tumours,inthe body
Cross-Sectional MRImage of the Brain

MRI produces several cross-sectional images that can be usedin combination to show the extent of
structures throughout the patient's body.

Nuclear spin & precession

= Hydrogennuclei(protons)possess apropertyknownas spin

= Whenacharge moves,it generates amagnetic field

= Therefore,the spinofaprotongenerates averysmallmagnetic field around it

= This magnetic field has anassociated magnetic moment
= Protons have two possible spinstates,theycaneitherbeinaspinup state oraspindownstate
= Inthe absence of anapplied magnetic field:

= Bothspinstates of aprotonhave the same energy
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= Equalnumbers of protons occupyone of the two states
= Therefore,the magnetic moments (the magnetic fields produced bythe protons) cancel out
= However,whenamagnetic fieldis applied:
= Adifferenceinthe energy arises betweenthe two spinstates
= Mostprotons occupythelowerenergylevelstate
= Therefore,thereis anet magnetic moment which canbe detected
= Thetwo energystates depend onthe directionofthe proton's magnetic moment:
= Whenthe magnetic momentis parallel to the applied magnetic field - this is the lower energy
level
= Whenthe magnetic momentis antiparallelto the applied magnetic field - this is the higher
energylevel
= Anothereffectof the applied magnetic field onaprotonis precession
= The spinning protons precess about the direction of the applied field
Precession of a Hydrogen Nucleus

The spin axis of a hydrogen nucleus (proton) precesses around the direction of the applied magnetic (like
aspinning top toy on a table)

How does MR Scanning Work?

= MRmachines operate onthe basis of nuclearmagnetic resonance (NMR), whichis
Whenaprotonabsorbsaphotonof exactly the energy required to flip its spinfrom
alowerenergy state (spinup)to ahigher energy state (spindown)

= Thetissuesinthe humanbodycontainmore hydrogennuclei(protons)thananyotherelement
= Therefore,if alltheirmagnetic fields could be aligned, thennuclearmagnetic resonance can
be observed
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= The patientlies alongthe axis of alarge solenoid, which generates averystronguniform
magnetic field
= Whenthe uniformfield is applied, the magnetic moments of the nucleialign with the applied field
= The spinning hydrogennucleibeginto precess about the direction of the applied magnetic
field
= Apulse of electromagnetic radiationinthe radio-frequency (RF) range is emitted which
changes the alignment of the spins of the hydrogennuclei
= Thisis anexcited state forthe hydrogennuclei
Hydrogen nucleusabsorbing an RFPhoton

The nucleus in alower energy spin state (aligned with B) absorbs an RF photon with the exact energy to
exciteit to the higher energy spin state (aligned against B)

= The hydrogennucleithende-excite,realigning with the external field
= Inthis process,theyemit photons with the same RF
= These photons are detected byaringofdetectors
Hydrogennucleusemitting an RFPhoton

The hydrogen proton emits an RF photon as it relaxes to the lower energy spin state
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= Anothersetof coils generates the gradient field
= Foragivencross-sectionofthe body, this slightlyvaries the magnetic fluxdensity, B, at
different positions
= This means the hydrogennucleiemit RF photons with frequencies that depend onthe
positionof the hydrogenprotons
= Thisinformationis fed into acomputer,whichthenidentifies the density of hydrogennucleiat
eachpositionforacross-section

Advantages & Disadvantages of MRl Scanning

= The mainadvantages of anMRIscanare:
= |tis non-ionisingand non-invasive
= |tproduces extremelyhigh-resolutionimages
= |tcandiagnoseverysmalldifferences betweencellse.g.cancerous cells
= The maindisadvantages of anMRIscanare:
= |tis atime-consumingprocedure which canbe uncomfortable forpatients
= |tis veryexpensive

@ Worked example

DuringanMRIscan,the torso of of amaninamagnetic field is exposed to pulses of radio
frequencyphotons.

Summarise the mainconcept of amagnetic resonance scanwhich allows this process to
produce across-sectionalimage of the man's torso.

Answer:
Step 1: State the purpose of the radio frequency pulses

= The magnetic field aligns hydrogennuclei
= Theradio frequencypulses excite hydrogennucleiinthe man's body
Step 2:Describe the changeinthe states of the hydrogennuclei

= The nucleide-excite (by changing spin alignment), emittingradio frequencyphotons
Step 3:Explainhowthese photons are used to produce the images

= Thesesignals /photons are detected and passed to acomputer
Step 4:Explainhow thelocations of the protons are found

= Agradientis applied to the uniform magnetic field
= Whichallows locations of hydrogennucleito be determined (based onphotonenergies)

O ExamTip

Don'tjust sayprotons whenreferring to this process.Hydrogennucleiorhydrogenprotonsis
fine.Allatoms inthe bodycontainprotons, but the fact that protons areisolated inhydrogen
nucleiallow themto behave inthis way.
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