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11 Explain the main principles behind the generation of ultrasound to obtain diagnostic
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Acoustic Matching Layer

Acoustic Lens

Backing Element

- Piezoelectric Elements
(Transducer)
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(a) Outline the use of ultrasound to obtain diagnostic information about internal body

structures. @
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(b) The intensity / of a parallel beam of ultrasound is related to its initial intensity /, and the
thickness x of the medium through which it has travelled by the relation

I=ILe™
where u is a constant for the medium.

Fig. 8.1 shows the constant u for different media.

medium wim™!
blood 2
bone 130
muscle 23
Fig. 8.1
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(i) Use the information in Fig. 8.1 to suggest why

1. ultrasound is not used to examine structures within bones,

*< U“msm&b s.w(\i\l} MQX‘JQ}QBMQ@;\\
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2. bones may be at risk when using high intensities of ultrasound to treat

+e diseased joints. &
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(ii) Determine the ratio A
/7 - /10
fraction of intensity of ultrasound transmitted through 10 mm of muscle
fraction of intensity of ultrasound transmitted through 10 mm of bone < <y /'Lu
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7 (a) Explain briefly the use of ultrasound to obtain diagnostic information about internal body
structures.

(b) The variation of the intensity [ of a parallel beam of ultrasound with the thickness x
{measured in metres) of a muscle is given by the expression

= —23x
{ =18 .
where [, is the initial intensity.

Calculate the fractional intensity i— transmitted through a muscle of thickness 5.5 cm.
o

_ 23(8S x(o_z>
c

\
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o 28
L. 08

i PO - L eS| [2]
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(e} Having travelled through muscle 5.5cm thick, the beam is reflected from a muscle/bone
boundary. At this boundary, 35% of the incident intensity is reflected.

Calculate the fractional intensity j— that is received back at the transmitter.
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11 (a) Explain the main principles behind the use of ultrasound to obtain diagnostic information
about internal body structures.

- [4]

(b} Data for the acoustic impedances and absorption (attenuation) coefficients of muscle
and bone are given in Fig. 11.1.

acoustic impedance absorption coefficient
!/ kgm2g~1 fm?
muscle 1.7 = 108 23
bone 6.3 = 109 130
Fig. 11.1

The intensity reflection coefficient is given by the expression

(Z,-Z,F

Z,+Z,F

The attenuation of ultrasound in muscle follows a similar relation to the attenuation of
X-rays in matter.

A parallel beam of ultrasound of intensity I enters the surface of a layer of muscle of
thickness 4.1cm as shown in Fig. 11.2.

muscle | bone
P

"
beam of T

ultrasound /

4. 1em

Fig. 11.2

2
o L PronwRen> L‘-\ v ‘%"\09—/\9— ‘-Qﬁf;}

The ultrasound is reflected at a muscle-bone boundary and returns to the surface of the
muscle.

Calculate

(i) the intensity reflection coefficient at the muscle-bone boundary,

o - GZ Y’
22 ,
C
A = @'3 —\75 <l <. ogzoélq
i @,g*]-7>';(log

coefficient = L:),SS [2]

(il) the fraction of the incident intensity that is transmitted from the surface of the muscle
to the surface of the bone,

. Slewe
,L: lé
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fraction = Q?)c\ [2]

(iii} the intensity, in terms of I, that is received back at the surface of the muscle.

To 1. 63 (033

T. ..5T

a— -

intensity = ... 2.2 2 .12
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6 A parallel beam of ultrasound is incident normally on the surface of a layer of fat of thickness I
(b) Calculate the ratio -=.

1.1cm, as shown in Fig. 6.1. I
1
fat muscle | , = [, e
-2
I I
ultrasound Lo 2 __T,l_ T e - ©O- S ﬂ
beam I —
- - (
I, I
2 ~
S ratio= .......... 0'50\ .................................. 2]
1.1cm | [\ L\' (o~
©2 FenueNshtS I T\ ﬂ (c) Intensity I, is 0.33% of intensity I,.
T > »/J/\e‘&-? o\ j - eosde b . 5 Determine the ratio %.
2
For the ultrasound, _ Tan: W
I, is the intensity just after entering the surface of the fat layer, Z_> X = = 2 — _ A\ T:
I, is the intensity incident on the fat-muscle boundary, L ’T/L L " = L (f—" 2 ~ 3
I, is the intensity reflected from the fat-muscle boundary, T
I, is the intensity received back at the surface of the fat layer. 7
; B LT T 65 <Ty 5T 633w
Some data for the fat are given in Fig. 6.2. 0.2 K fe = ' it B> -
o T L, lo© @SGO
specific acoustic impedance 2 1.4 x10%kgm =g 2 o\ (; -2
density p 340 kgm-3 ratio= ...l N e T R e [2]
absorption (attenuation) coefficient u 48m1 {d) The specific acoustic impedance of the muscle is greater than that of the fat.
- State the effect, if any, on the value of the ratio < of an increase in the difference between the
Fig. 6.2 L
. specific acoustic impedance of the muscle and that of the fat.
(a) Calculate the time interval between a short pulse of ultrasound initially entering the layer of fat :
e D G IE 0D O s bt s AR

and then returning back to the surface of the fat layer.
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12 An X-ray beam is used to produce an image of a model of a thumb.

A parallel beam of X-ray radiation of intensity [, is incident on the model, as illustrated in Fig. 12.1.

Ipnsmnissiol 'L“:/R sog'} h TN
’)fMV‘:W);W\ ML\ gvt_-/\gc_yv\:a C\\\

' —— "'w/
~R—— O

e _'_‘»Sovd >>€—

- ?\o (\,Q

soft tissue

ST s

,’l A
incident beam o 15 = 13cm &S emergent bea
intensity I, e =
N/
> 28 Cm %
~ -
Yo \ )1

Data for the attenuation (absorption) coefficient « in bone and in soft tissue are shown in Fig. 12.2.

W
Fig. 12.1

(a) Calculate, in terms of the incident intensity I, of the X-ray beam, the intensity of the beam

after passing through

plem
bone 3.0
soft tissue 0.90
Fig. 12.2

(i) athickness of 2.8cm of soft tissue,

— ’M‘)(
T. Tee

(22

1.7,

)

T . oobeds

intensity =

o>

(ii) the bone and soft tissue, as shown in Fig. 12.1.
A mA

= 1-96 T,_ Ioa +~

S ;;@’53
- (o.°(a Q7§ — — ‘CQR%(?:)
lo & 5( \ 1

s I o

\

T:. To@

T: Toe, Y e ‘L: loe

(i) By reference to your answers in (a), suggest whether the X-ray image of the
good contrast.

1l - o< % e -~ <
o

o T. T —6a(1S)  A(3)
EDET) 50D — oA 4012



11 (a) Electrons are accelerated through a potential difference of 15kV. The electrons collide with a
metal target and a spectrum of X-rays is produced.

(i) Explain why a continuous spectrum of energies of X-ray photons is produced.

Dml‘aﬁ“ﬂe;&n’\\'A\ﬂ‘%“aﬂe,m@ is.alee

zﬁeﬂed*m\k}w,flm}\:sbm\wﬂ&m‘okm@em
M%seﬂewvﬂs:]m\ﬂwﬁeﬂaujﬁmw@m e
lrofovam.i\eaerjj‘cﬂeﬂ-,““gfewnfm?e_

(ii) Calculate the wavelength of the highest energy X-ray photon produced.
TE. W Ne VxQ
/\'J' l:\‘ = 1Seoo ¢ (,G’C\(;ﬁ
-\ -
}§0oo K l~é7<\0 - (é ,C,l x\cw\ (gx\ogy
A
W
L. 8.27S s
-\
wavelength = ’XS%\D m [3]

(b) A beam of X-rays has an initial intensity I_. The beam is directed into some body tissue. After
passing through a thickness x of tissue the intensity is I. The graph in Fig. 11.1 shows the
variation with x of In (I/T_).

(0]

(i)

x/cm
(’0\0.1234551391011
|
02 HE |(4\¢,( |o.~4
0.4 a3
- — — ‘“’“‘

06 J— = J—oe—
In (VL) :

-0.8

=20
22 i j -
-24
Fig. 11.1
Determin& the linear attenuation (absorption) coefficient u for this beam of X-rays in the
tissue.
—:]——JJ—LF - => -0 = 0. L33
'K;—K\ J/|'$ -°

Datarming tha thicknass of tissue that the X-ray baam must pass through so that the

intensity of the baam is reduced to 5.0% of its initial value.
IHGHTL‘I |23 dm I8 rneguce IS Initia hFEL:iL DAC£ N _o'l\%w
I 5.5 . e o g/ \ Y
fos loo ) %%5 y - ﬁ/\( | __\)’\'
i g =1 = ME R
—Z — (oo ‘5_,\
E loo thickness= ' ' . cm[2]
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10 (a) Briefly explain the principles of CT scanning.

..... 7<0~K>Me. W )r )_ Y’b(eﬂ\} o \Q> o

@ Sc(»'nﬂk /s\\ce, ;

%R ______ D ord

(b) A simple section through a body consists of four voxels, as illustrated in Fig. 10.1.

sechon

directions
of viewing

.,

Fig. 10.1

“

A =

25 -

L —

3

An X-ray image of the section is obtained by viewing along each of the directions shown

in Fig. 10.1.

The detector readings for each direction of viewing are summed to give the pattern of

readings shown in Fig. 10.2.

25 | 22
34 | 31
Fig. 10.2

P9 W TR

Jens )
For any one direction, the total of the detector readings is 16. ]’3 “3@“

(i) For the pattern of readings of Fig. 10.2, state the magnitude of the background

reading.

background reading =

{ii) On Fig. 10.1, mark the pattern of pixels for the four-voxel section.

-
-

5



10 A simple model of one section of a CT scan is shown in Fig. 10.1.

A B
D c
Fig. 10.1

The model consists of four voxels with pixel numbers 4, B, Cand [

In this model, the voxels are viewed in turn along four different directions D, D, D, and D,
as shown in Fig. 10.2.

Dy
k /b/ﬂ
D, A B
=
L (M
Fig. 10.2

The pixel readings in each of the four directions are noted.
The total pixel reading for any one direction is 19.

The pixel readings for all of the directions are summed to give the pattern of readings shown
in Fig. 10.3.

Fig. 10.3

(a) State the background reading in this model.

background reading = ... I 0‘ [1]

(i} the direction D,

(i} the direction D,.

(b) Determine each of the pixel readings.

Dy
A= B=
D= o=
O

v

[4]

(c) Use your answers in (b) to determine the pixel readings along

RN, |
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11 Positron emission tomography (PET scanning) obtains diagnostic information from a person. The
information is used to form an image.

(a) PET scanning uses a tracer,

’&Q\'\a - 4\969‘0*841\'» Bsoe.

(b} PET scannifig invelves annihilation.

(i)

(i)

(e) (i)

(i)

Explain what is meant by annihilation.

State the names of the particles involved in the annihilation process.

Cc}f(o(\a o\ oot Wl [

Calculate the lotal energy released in one annihilation event in (b).

Eoowe

£, 20k 3 Gﬁx\ 31

,\C,?ﬁxl \Q’( \-'3

enargy = . ]
Calculate the wavelength of @ach gamma photon released. 3“\
F. he o MEHAs" @g& xlo \ sz
A 2
X: 2.)'\7_@ ﬂlo >\ e
wavelength = QL“'S?Q\O ................... m [2]

(d) Explain hmn.r the gamma phmms are used to produce an image

A ic.d\mh

\‘fﬂk)\ J
&ej\-aqﬂ*eg %ﬂ o~ Qcmﬁ?@?@"’f ..f .......

Lehoeen anivd ol 2
fﬁnﬁx%ﬁtﬁkﬂﬂ “3 m@

ﬂl‘\iﬁa is

e [3]
[Total: 9]



