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   10.4 Non-Ionising Imaging



10.4.1 The Piezoelectric Transducer

The Piezoelectric Transducer

The piez o electric e�ect is de�ned as:

T he ability o f  particular materials to  generate a po tential di�erence (p.d.) by

transf erring mechanical energy to  electrical energy

A transducer is any device that co nverts energy fro m o ne fo rm to  ano ther

How does a Piez oelect ric Cryst al Work?

In the piezoelectric e�ect, an applied voltage causes a piezo-crystal to contract or expand, and vice

versa

Piez oelectric Crystals
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At the heart o f a piez o electric transducer is a piez o electric crystal

Piez o electric crystals are materials which pro duce a p.d. when they are def o rmed

This defo rmatio n can be by co mpressio n o r stretching

If a p.d. is applied to  a piez o electric crystal, then it defo rms, and if the p.d. is reversed, then it

expands

If this is an alternating p.d. then the crystal will vibrate at the same frequency as the alternating

vo ltage

Crystals must be cut to  a certain siz e in o rder to  induce reso nance

One o f the mo st co mmo n piez o electric crystals is quartz , which is made fro m a lattice o f silico n

dio xide ato ms

When the lattice is disto rted, the structure beco mes charged creating an electric �eld and,

as a result, an electric current

If an electric current is applied to  the crystal, then this causes the shape o f the lattice to

alternate which pro duces a so und wave

Due to  the co nventio nal directio n o f electric current, it will �o w fro m the po sitive to  the

negative regio n o f the crystal

Dist ort ion of  a Piez oelect ric Cryst al

A molecule in a quartz crystal. When the compression and stretching alternates, an alternating e.m.f. is

induced
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Applications of the Piez oelectric Transducer

Micro pho ne

A piez o electric micro pho ne detects pressure variatio ns in so und waves

These can then be co nverted to  an electrical signal fo r pro cessing

Ultraso und

In a piez o electric transducer, an alternating p.d. is applied to  pro duce ultraso und waves and

sent into  the patient’s bo dy

The returning ultraso und waves induce a p.d. in the transducer fo r analysis by a healthcare

pro fessio nal
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10.4.2 Generation & Detection of Ultrasound

Generation & Detection of Ultrasound

An ultraso und is de�ned as:

A high f requency so und abo ve the range o f  human hearing

This is abo ve 20 kHz , altho ugh in medical applicatio ns the frequencies can be up to  the MHz  range

An ultraso und transducer is made up o f a piez o electric crystal and electro des which pro duce an

alternating p.d.

The crystal is heavily damped, usually with epo xy resin, to  sto p the crystal fro m vibrating to o  much

This pro duces sho rt pulses and increases the reso lutio n o f the ultraso und device

An Ult rasound Transducer

The structure of an ultrasound transducer

A piez o electric crystal can act as bo th a receiver o r transmitter o f ultraso und

When it is receiving ultraso und, it co nverts the so und waves into  an alternating p.d.

When it is transmitting ultraso und, it co nverts an alternating p.d. into  so und waves

A Piez oelect ric Cryst al Emit t ing and Receiving Ult rasound
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A piezoelectric crystal can act as both a receiver or transmitter of ultrasound

Using Ultrasound to Obtain Diagnostic Information

In an ultraso und scanner, the transducer sends o ut a beam o f so und waves into  the bo dy

The so und waves are re�ected back to  the transducer by bo undaries between tissues in the path

o f the beam

Fo r example, the bo undary between �uid and so ft tissue o r tissue and bo ne

When these echo es hit the transducer, they generate electrical signals that are sent to  the

ultraso und scanner

Using the speed o f so und and the time o f each echo ’s return, the scanner calculates the

distance fro m the transducer to  the tissue bo undary

These distances can be used to  generate two -dimensio nal images o f tissues and o rgans

The frequency o f the ultraso und is impo rtant because:

The higher the frequency o f the ultraso und, the higher the reso lutio n and the smaller

structures that can be distinguished

Obt aining an Ult rasound of  a Baby
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Using ultrasound to obtain information about an unborn child

The ultraso und gives two  main pieces o f info rmatio n abo ut the bo undary:

Depth: the time between transmissio n and receipt o f the pulse (the time delay)

Nature: amo unt o f transmitted intensity received (will vary depending o n the type o f tissue)
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Worked example

Explain the principles o f the generatio n and detectio n o f ultraso und waves.

Answer:

Generatio n:

An alternating p.d. is applied acro ss a piez o -electric crystal, causing it to  change shape

The alternating p.d. causes the crystal to  vibrate and pro duce ultraso und waves

The crystal vibrates at the frequency o f the alternating p.d., so , the crystal must be cut to  a

speci�c siz e in o rder to  pro duce reso nance

Detectio n:

When the ultraso und wave returns, the crystal vibrates which pro duces an alternating p.d.

acro ss the crystal

This received signal can then be pro cessed and used fo r medical diagno sis

Worked example

Explain the main principles behind the use o f ultraso und to  o btain diagno stic info rmatio n abo ut

internal bo dy structures.

Answer:

A pulse o f ultraso und is emitted by the piez o -electric crystal

This is re�ected by the bo undaries between media

The re�ected pulse is detected by the ultraso und transmitter

The signal is then pro cessed and displayed o n the screen fo r the healthcare wo rker to

analyse and use fo r medical diagno sis

The intensity o f  the re�ectio n gives info rmatio n abo ut the nature o f the bo undary

The time between transmissio n and receipt o f the pulse (the time delay) gives info rmatio n

abo ut the depth o f the bo undary

Exam T ip

6 mark exam questio ns abo ut this to pic are very co mmo n, make sure yo u practice writing abo ut

using and detecting ultraso unds in full, co herent sentences with co rrect spelling and grammar.

Writing sho rt o r vague answers co uld lo se yo u marks, as well as misspelling wo rds!
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10.4.3 Ultrasound Imaging

Speci�c Acoustic Impedance

The aco ustic impedance, Z, o f a medium is de�ned as:

T he pro duct o f  the speed o f  the ultraso und in the medium and the density o f  the

medium

This quantity describes ho w much resistance an ultraso und beam enco unters as it passes

thro ugh a tissue

Aco ustic impedance can be calculated using the equatio n:

Z = ρc

Where:

Z = aco ustic impedance (kg m  s )

ρ = the density o f the material (kg m )

c = the speed o f so und in the material (m s )

This equatio n sho ws:

The higher the density o f a tissue, the greater the aco ustic impedance

The f aster the ultraso und travels thro ugh the material, the greater the aco ustic impedance

also

This is because so und travels faster in denser materials

So und is f astest  in so lids and slo west  in gases

The clo ser the particles in the material, the faster the vibratio ns  can mo ve thro ugh the

material

At the bo undary between media o f di�erent aco ustic impedances, so me o f the wave energy is

re�ected  and so me is transmitted

The greater the di�erence  in aco ustic impedance between the two  media, the greater the

re�ectio n and the smaller the transmissio n

Two  materials with the same aco ustic impedance wo uld give no  re�ectio n

Two  materials with a large di�erence in values wo uld give much larger re�ectio ns

Air has an aco ustic impedance o f Z  = 400 kg m  s

Skin has an aco ustic impedance o f Z  = 1.7 × 10  kg m  s

The large di�erence means ultraso und wo uld be signi�cantly re�ected, hence a co upling gel

is necessary

The co upling gel used has a similar Z value to  skin, meaning that very little ultraso und is

re�ected

-2 -1

-3

-1

air
-2 -1

skin
6 -2 -1
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A Ref ract ing Wave Bet ween t he Boundary of  Two Media wit h Di�erent  Acoust ic
Impedence

Refraction and re�ection of ultrasound waves at a boundary between two materials with di�erent

acoustic impedances (in this case, Z  < Z )1 2 

Page 9 of 27
For more help visit our website www.exampaperspractice.co.uk



Worked example

The table sho ws the speed o f so und aco ustic impedance in fo ur di�erent materials.

Use the data in the table to  calculate the value fo r the density o f bo ne.

Answer:

Step 1: Write do wn kno wn quantities

Aco ustic impedance o f bo ne, Z = 7.0 × 10  kg m  s

Speed o f ultraso und in bo ne, c = 4100 m s

Step 2: Write o ut the equatio n f o r aco ustic impedance

Z = ρc

Step 3: Rearrange f o r density and calculate

ρ =
Z
c =

7 .0 × 106

4100 = 1700 kg m

Exam T ip

A co mmo n mistake is to  co nfuse the c in the aco ustic impedance equatio n fo r the speed o f light

- do n’t do  this!

6 -2 -1

-1

−3
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Re�ection & Transmission of Ultrasound

The intensity re�ectio n co e�cient α is de�ned as:

T he ratio  o f  the intensity o f  the re�ected wave relative to  the incident (transmitted)

wave

This can be calculated using the fractio n:

α =
Ir
I0
=

( )
Z2 − Z1

2

( )
Z2+ Z1

2

Where:

α = intensity re�ectio n co e�cient

I  = intensity o f the re�ected wave (W m )

I  = intensity o f the incident wave (W m )

Z  = aco ustic impedance o f o ne material (kg m  s )

Z  = aco ustic impedance o f a seco nd material (kg m  s )

This ratio  sho ws:

If there is a large di�erence between the impedance o f the two  materials, then mo st o f the

energy  will be re�ected

If the impedance is the same, then there will be no  re�ectio n

Coupling Medium

When ultraso und is used in medical imaging, a co upler is needed between the transducer and

the bo dy

This is because the so ft tissues o f the bo dy are much denser than air

If air is present between the transducer and the bo dy, then almo st all the ultraso und energy will be

re�ected

To  co unter this, a co upling gel is placed between the transducer and the bo dy

This is because skin and co upling gel have a similar density, so  little ultraso und is re�ected

This is an example o f impedance matching, which is de�ned as when:

T wo  media have a similar aco ustic impedance, resulting in little to  no  re�ectio n o f

the ultraso und wave

In terms o f intensity re�ectio n co e�cient, α, between the two  media:

At lo wer values o f α, the media are impedance matched, so  less  re�ectio n o ccurs

At higher values o f α, the media are no t impedance matched, so  mo re  re�ectio n o ccurs

R
-2

0
-2

1
-2 -1

2
-2 -1
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Worked example

A beam o f ultraso und is incident at right-angles to  a bo undary between two  materials, as sho wn

in the diagram.

The materials have aco ustic impedances o f Z  and Z . The intensity o f the transmitted ultraso und

beam is I , and the re�ected intensity is I .

(a) State the relatio nship between I, I  and I .

(b) Use the data fro m the table to  determine the re�ectio n co e�cient, α, fo r a bo undary between

(i)  Gel and so ft tissue

(ii)  Air and so ft tissue

(c) Explain why gel is usually put o n the skin during medical diagno sis using ultraso und.

Answer:

1 2

T R

T R
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Part (a)

Step 1: List the kno wn quantities

Intensity o f incident wave = I

Intensity o f the transmitted wave = I

Intensity o f the re�ected wave = I

Step 2: Relate the quantities:

The incident intensity is equal to  the sum o f the transmitted and re�ected intensities:

Incident intensity = Transmitted intensity + Re�ected intensity

I = I  + I

Part (b)(i)

Step 1: List the kno wn quantities

Aco ustic impedance o f gel, Z  = 1.5 × 10  kg m  s

Aco ustic impedance o f so ft tissue, Z  = 1.6 × 10  kg m  s

Step 2: Write do wn the equatio n f o r intensity re�ectio n co e�cient α

α =
( )
Z2 − Z1

2

( )
Z2+ Z1

2

Step 3: Calculate the intensity re�ectio n co e�cient

α =
( )1 .6 × 106 − 1 .5 × 106 2

( )1 .6 × 106 + 1 .5 × 106 2 =
0 .12

3 .12
= 0 .001

This result means that o nly 0.1% o f the incident intensity will be re�ected, with the remaining

being transmitted

Part (b)(ii)

Step 1: List the kno wn quantities

Air, Z  = 4.3 × 10  kg m  s

So ft tissue, Z  = 1.6 × 10  kg m  s

Step 2: Calculate the intensity re�ectio n co e�cient

α =
( )1 .6 × 106 − 4 .3 × 102 2

( )1 .6 × 106 + 4 .3 × 102 2 ≈
( )1 .6 ×106 2

( )1 .6 ×106 2 ≈ 1

T

R

T R

1
6 -2 -1

2
6 -2 -1

1
2 -2 -1

2
6 -2 -1
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This result means that 100% o f the incident intensity will be re�ected, with no ne being

transmitted

Part (c)

Why gel is usually put o n the skin during medical diagno sis using ultraso und

At the air-so ft tissue bo undary, the intensity re�ectio n co e�cient is α ≈ 1

Therefo re, witho ut gel, there is almo st co mplete re�ectio n - no  ultraso und is

transmitted thro ugh the skin

At the gel-so ft tissue bo undary, the intensity re�ectio n co e�cient is α = 0.001

Therefo re, the gel enables almo st co mplete transmissio n o f the ultraso und thro ugh the

skin, with very little re�ectio n
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10.4.4 Applications of Ultrasound

Applications of Ultrasound

The two  main types o f ultraso und used to  o btain diagno stic info rmatio n are:

A-scan, o r amplitude scan

B-scan, o r brightness scan

A-scan

An A-scan, o r amplitude scan, uses a single transducer to  emit a signal and then later receive the

re�ected signal back

It is de�ned as:

A o ne-dimensio nal ultraso und scan used to  determine the distance o r depth o f  an

internal structure

This is achieved by:

Measuring the time delay between generating and receiving the signal

Using the speed o f so und in the media to  calculate the distance travelled by the signal

This type o f scan is used fo r:

Determining distances  fro m the ultraso und device to  the po int o f re�ectio n (usually the

bo undary between two  media)

Fo r example, the length o f an eye needs to  be determined in planning surgeries o r assessing

the presence o f abno rmalities, such as tumo urs

This type o f scan gives measurements o nly  and do es no t  pro duce an image

B-scan

A B-scan, o r brightness scan, is a mo re co mplex scan that pro duces a 2D o r 3D image o f internal

structures in the bo dy

It is de�ned as:

An ultraso und scan used to  build up a two  o r three-dimensio nal image o f  an internal

structure using a number o f  senso rs o r o ne senso r in di�erent po sitio ns

This is achieved by:

Using pulsed ultraso und waves in di�erent po sitio ns  to  pro duce several measurements o f

time intervals between generating and receiving pulses

Mo ving the transducer o ver the patient’s skin, o r using several transducers, to  pro duce a

series o f A-scans that are co mbined to  fo rm an image

This type o f scan is used fo r:

Creating images  o f internal structures fo r diagno stic purpo ses

Fo r example, bo nes, muscles and o rgans o r checking o n the pro gress o f an unbo rn child

To  achieve the clearest images:
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Pulsed ultraso und waves are used to  allo w time fo r the re�ected waves to  be received and

no t interfere with transmitted waves

Smaller wavelengths are used to  give mo re detailed images as they will allo w the so und

waves to  di�ract aro und �ner po ints o f detail o n the internal structure being studied

Exam T ip

Make sure yo u can summarise the key di�erences between A-scans and B-scans:

Directio n:

A-scan = o ne directio n

B-scan = many directio ns / angles

End result:

A-scan = measurement o f distance

B-scan = 2D o r 3D image
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Pros & Cons of Ultrasound

Ultraso und is an impo rtant medical to o l when a quick, saf e and no n-invasive  metho d is required

to  image an internal structure, this is particularly useful fo r

Examining a develo ping f o etus

Getting an initial pro gno sis  o f a medical issue befo re deciding whether a riskier scan (e.g. CT,

PET) o r a mo re invasive metho d (e.g. endo sco pe) is required

Ho wever, as with all imaging metho ds, it has its advantages and disadvantages

Advant ages of  Ult rasound

Ultraso und is no n-invasive (co mpared to  the insertio n o f an endo sco pe o r injectio n o f

radio active nuclide in PET scans)

Ultraso und invo lves no  io nising radiatio n

There are no  side e�ects to  an ultraso und scan

It can image so ft tissue (o rgan structure, muscles) as well as bo ne

Can pro duce real-time images and video s to  sho w mo ving systems

Patients do  no t have to  remain co mpletely still

Cheaper, faster and mo re po rtable than magnetic reso nance (MR) o r co mputerised to mo graphy

(CT) scans 

Disadvant ages of  Ult rasound

Ultraso und pro duces lo wer reso lutio n images co mpared to  MR o r X-ray scans

Canno t penetrate bo ne o r gas as these re�ect o r dampen the so und waves (hence, can't image

the brain o r lungs)

The depth o f the scan is limited, causing issues fo r patients with higher amo unts o f bo dy fat

To  increase the penetratio n o f the scan, the reso lutio n must be reduced further

The transducer must be held no rmally to  the surface and there must be no  air bubbles in the

co upling gel - this requires a skilled o perato r to  carry o ut the examinatio n and interpret the image

Canno t distinguish between benign and malignant tumo urs (bo th so lids with di�erent aco ustic

impedances) unlike PET scans

Exam T ip

These po ints may well appear in a questio n co mparing di�erent imaging techniques. Make sure

yo u use co mparative statements such as 'the reso lutio n o f ultraso und imaging is lo wer than that

o f magnetic reso nance imaging'.
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10.4.5 Fibre Optics & Endoscopy

Fibre Optics in Medicine

What does 'Fibre Optics'  Mean?

Fibre o ptics refers to  the use o f light travelling alo ng a �exible �bre to  pro duce an image

This is particularly useful in medicine, as it allo ws medics to  view internal structures with the

�exible �bre, witho ut the need fo r surgery

What is an Endoscope?

The piece o f equipment used to  do  this is called an endo sco pe

Endo sco pes co ntain bundles o f o ptical �bres alo ng which light is transmitted to  an

eyepiece

An o ptical �bre is a �exible �bre, o r co re, alo ng which light is transmitted

The co re is surro unded by cladding

This pro tects the co re - light escapes if it is unclean o r if it makes co ntact with neighbo uring

�bres

It also  has a slightly lo wer refractive index than the co re, allo wing light in the co re to  be to tally

internally re�ected

Cross-section of an optical �bre

Light passing through the core is internally re�ected with a large critical angle, θ

The co re's refractive index is o nly just less than the cladding's refractive index

This makes the critical angle large

Therefo re, the o nly light transmitted by the �bre undergo es a small number o f re�ectio ns and

there is a very lo w amo unt o f lo ss o f info rmatio n (so me energy is abso rbed each re�ectio n)

Light that wo uld undergo  a large number o f re�ectio ns, and lo sing info rmatio n as a result, just

passes thro ugh the cladding instead

c
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Calculate the refractive index o f the cladding.

Worked example

The co re o f an endo sco pe has a refractive index o f 1.46. The critical angle is 80°. 

Answer:

Step 1: Recall Snell's Law f o r the critical angle:

sin θ c =
n2
n1

Step 2: Rearrange this f o r the index o f  the cladding, n :

n2 = n1sin θ c

Step 3: Insert the co re's ref ractive index and the critical angle:

n2 = 1 .46 × sin 80° = 1 .44

2
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Operation of the Endoscope

Optical �bres are utilised in medicine in o rder to  see within the human bo dy

The piece o f equipment using these o ptical �bres is called an endo sco pe

In an endo sco pe, �bre o ptics can be bundled to gether as

Co herent bundles

Inco herent bundles

Coherent Bundles

A co herent bundle o f o ptical �bres is:

A bundle o f  o ptical �bres with �xed po sitio ns relative to  each o ther at each end and

alo ng its length

This type o f bundle is used fo r transmitting an image to  the viewer o f the endo sco pe

The o ptical �bres are gro uped to gether in a regular pattern

Each �bre is in a �xed po sitio n relative to  its neighbo urs

Each �bre receives and transmits a po rtio n o f the image to  the endo sco pe's eyepiece

Co llectively, the �bres make the who le image

The �bres in a co herent bundle have a diameter o f ~10 μm

This is small, fo r a high reso lutio n

Any smaller than this, ho wever, and di�ractio n a�ects the image quality

Incoherent Bundles

An inco herent bundle o f o ptical �bres is:

A bundle o f  o ptical �bres gro uped to gether in a rando m arrangement

This type o f bundle is used to  transmit light fro m a so urce to  the endo sco pe's target

The o ptical �bres do  no t keep their po sitio n relative to  their neighbo urs in the bundle

No  image needs to  be transmitted, this bundle o nly transmits light to  illuminate the target

tissue

The light re�ected by the tissue is transmitted by the co herent bundle to  pro duce an image

Optical �bres in this bundle have a diameter range o f 50 - 100 μm

These bundles are cheaper to  pro duce than co herent bundles

Cross-Sect ions of  Coherent  and Incoherent  Bundles

Fibres in a coherent bundle are regularly spaced. The diameters and spacing of �bres in an incoherent

bundle are less crucial, as their role is illumination rather than transmitting a clear image.
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Features of an Endoscope

An endo sco pe features a lo ng �exible shaft co nnected to  an eyepiece

Within this shaft is co ntained:

An aperture (ho le alo ng the length o f the endo sco pe) thro ugh which to  o perate medical

instruments

A channel fo r air o r water

An inco herent bundle fo r illuminatio n

A co herent bundle fo r transmitting an image

Uses of an Endoscope

Endo sco pes can be used simply fo r viewing an internal system, e.g. lo o king fo r a tumo ur in the

digestive system

They can also  be used to  perfo rm small medical pro cedures, using to o ls thro ugh the aperture e.g.

taking tissue samples fo r further study

So me examples o f pro cedures using an endo sco pe:

Gastro sco py (examining the upper digestive system, see the diagram belo w)

Co lo no sco py (examining the lo wer digestive system)

Arthro sco py (examining jo ints fo r issues such as arthritis, thro ugh a small incisio n)

Basic St ruct ure and Use of  an Endoscope
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The structure of an endoscope allows internal organs to be viewed or sampled. The lower image shows a

gastroscopy, in which the upper digestive system can be viewed.
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Endo sco py is co mmo nly used instead o f surgery because:

Endo sco py is less painful than surgery

There is a lo wer infectio n risk than surgery

The reco very time is faster than that o f surgery

Of co urse, endo sco py is limited to  small pro cedures and certain systems - so metimes surgery,

magnetic reso nance scans o r o ther fo rms o f imaging are mo re appro priate

Exam T ip

When studying this to pic, make sure yo u are building o n a stro ng fo undatio n o f kno wledge abo ut

to tal internal re�ectio n. Yo u may have to  refer to  this to  fo rm part o f yo ur descriptio ns and

explanatio ns o f endo sco py in yo ur exam.

Fo r example, an endo sco pe can o nly bend a certain amo unt befo re light can no  lo nger undergo

to tal internal re�ectio n in the co re, because it do esn't strike the interface at (o r abo ve) the

critical angle. 
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10.4.6 Magnetic Resonance Imaging

Principles of MRI Scanning

What is MR Scanning?

Magnetic reso nance (MR) scanning, o r magnetic reso nance imaging (MRI) is an imaging technique

which takes cro ss-sectio nal images o f a patient's bo dy

The basic principle is that by expo sing the patient to  a magnetic �eld, hydro gen nuclei in the bo dy

respo nd, and the lo catio n o f these respo nses can be determined

This info rmatio n is then used to  sho w structures  in the bo dy (but no t ho w much they are

functio ning)

This makes MR scanning a po werful to o l fo r imaging o rgans and lo cating masses, such as

tumo urs, in the bo dy

Cross-Sect ional MR Image of  t he Brain

MRI produces several cross-sectional images that can be used in combination to show the extent of

structures throughout the patient's body.

Nuclear spin & precession

Hydro gen nuclei (pro to ns) po ssess a pro perty kno wn as spin

When a charge mo ves, it generates a magnetic �eld

Therefo re, the spin o f a pro to n generates a very small magnetic �eld aro und it

This magnetic �eld has an asso ciated magnetic mo ment

Pro to ns have two  po ssible spin states, they can either be in a spin up  state o r a spin do wn state

In the absence o f an applied magnetic �eld:

Bo th spin states o f a pro to n have the same energy
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Equal numbers o f pro to ns o ccupy o ne o f the two  states

Therefo re, the magnetic mo ments (the magnetic �elds pro duced by the pro to ns) cancel o ut

Ho wever, when a magnetic �eld is applied:

A di�erence in the energy  arises between the two  spin states

Mo st pro to ns o ccupy the lo wer energy level state

Therefo re, there is a net magnetic mo ment  which can be detected

The two  energy states depend o n the directio n o f the pro to n's magnetic mo ment:

When the magnetic mo ment is parallel to  the applied magnetic �eld - this is the lo wer energy

level

When the magnetic mo ment is antiparallel to  the applied magnetic �eld - this is the higher

energy level

Ano ther e�ect o f the applied magnetic �eld o n a pro to n is precessio n

The spinning pro to ns precess abo ut the directio n o f the applied �eld

Precession of  a Hydrogen Nucleus

The spin axis of a hydrogen nucleus (proton) precesses around the direction of the applied magnetic (like

a spinning top toy on a table)

How does MR Scanning Work?

MR machines o perate o n the basis o f nuclear magnetic reso nance (NMR), which is

When a pro to n abso rbs a pho to n o f  exactly the energy required to  �ip its spin f ro m

a lo wer energy state (spin up) to  a higher energy state (spin do wn)

The tissues in the human bo dy co ntain mo re hydro gen nuclei (pro to ns) than any o ther element

Therefo re, if all their magnetic �elds co uld be aligned, then nuclear magnetic reso nance can

be o bserved
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The patient lies alo ng the axis o f a large so leno id, which generates a very stro ng unifo rm

magnetic �eld

When the unifo rm �eld is applied, the magnetic mo ments o f the nuclei align with the applied �eld

The spinning hydro gen nuclei begin to  precess  abo ut the directio n o f the applied magnetic

�eld

A pulse o f electro magnetic radiatio n in the radio -f requency  (RF) range is emitted which

changes the alignment o f the spins o f the hydro gen nuclei

This is an excited state fo r the hydro gen nuclei

Hydrogen nucleus absorbing an RF Phot on

The nucleus in a lower energy spin state (aligned with B) absorbs an RF photon with the exact energy to

excite it to the higher energy spin state (aligned against B)

The hydro gen nuclei then de-excite, realigning with the external �eld

In this pro cess, they emit pho to ns with the same RF

These pho to ns are detected by a ring o f detecto rs

Hydrogen nucleus emit t ing an RF Phot on

 The hydrogen proton emits an RF photon as it relaxes to the lower energy spin state
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Ano ther set o f co ils generates the gradient �eld

Fo r a given cro ss-sectio n o f the bo dy, this slightly varies the magnetic �ux density, B, at

di�erent po sitio ns

This means the hydro gen nuclei emit RF pho to ns with f requencies that depend o n the

po sitio n o f the hydro gen pro to ns

This info rmatio n is fed into  a co mputer, which then identi�es the density o f hydro gen nuclei at

each po sitio n fo r a cro ss-sectio n

Advantages & Disadvantages of MRI Scanning

The main advantages o f an MRI scan are:

It is no n-io nising and no n-invasive

It pro duces extremely high-reso lutio n images

It can diagno se very small di�erences between cells e.g. cancero us cells

The main disadvantages o f an MRI scan are:

It is a time-co nsuming pro cedure which can be unco mfo rtable fo r patients

It is very expensive

Worked example

During an MRI scan, the to rso  o f o f a man in a magnetic �eld is expo sed to  pulses o f radio

frequency pho to ns. 

Summarise the main co ncept o f a magnetic reso nance scan which allo ws this pro cess to

pro duce a cro ss-sectio nal image o f the man's to rso .

Answer:

Step 1: State the purpo se o f  the radio  f requency pulses

The magnetic �eld aligns hydro gen nuclei

The radio  frequency pulses excite hydro gen nuclei in the man's bo dy

Step 2: Describe the change in the states o f  the hydro gen nuclei

The nuclei de-excite (by changing spin alignment), emitting radio  frequency pho to ns

Step 3: Explain ho w these pho to ns are used to  pro duce the images

These signals / pho to ns are detected and passed to  a co mputer

Step 4 : Explain ho w the lo catio ns o f  the pro to ns are f o und

A gradient is applied to  the unifo rm magnetic �eld

Which allo ws lo catio ns o f hydro gen nuclei to  be determined (based o n pho to n energies)

Exam T ip

Do n't just say pro to ns when referring to  this pro cess. Hydro gen nuclei o r hydro gen pro to ns is

�ne. All ato ms in the bo dy co ntain pro to ns, but the fact that pro to ns are iso lated in hydro gen

nuclei allo w them to  behave in this way. 
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