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Piezoelectric Effect in Quartz
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March 20/42/8 w0k

4 (a) (i) Explain why ultrasound used in medical diagnosis is emitted in pulses.

(ii) Explain the principles of the detection of ultrasound waves used in medical diagnosis.

(b) The specific acoustic impedances Z of some media are given in Table 4.1.

Table 4.1
media Zikgm g1
air 4.3 x 102
gel 1.5 x 108
soft tissue 1.6 = 108

(i) The specific acoustic impedances of two media are Z, and Z,. The intensity reflection
coefficient « for the boundary of these two media is given by:

= 1:21 = 22}2
Z TP

Calculate, to three significant figures, the fraction of the ultrasound intensity that is
reflected at a boundary between air and soft tissue.

p
o w Kl = i _ (be3xe — L exis)
(Zai * Zhse) (L3l +1-bxu)

oA = 04999

L)




(i) Use your value in (b)(i) to explain why gel is applied to the surface of the skin during an

ultrasound scan.
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4 (a) (i) Byreferencetoanultrasound wave, explain whatis meantby specific acoustic impedance.

_Ee e

(ii) An ultrasound wave is incident normally on the boundary between two media. The media
have specific acoustic impedances Z, and Z,,

State how the ratio

_ intensity of ultrasound reflected from boundary _ lp
intensity of ultrasound incident on boundary J‘p

depends on the relative magnitudes of Z, and Z,.
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(b) (i) State whatis meant by the aftenuation of an ultrasound wave.

Decteere. o oxoplilch [ onSty ) Power /. infonedy 3.
O o, . V... possion. HRIowgh.. A tnedum:......... (1

(ii) A parallel beam of ultrasound is passing through a medium.
The incident intensity [, is reduced to D.EEIG on passing through a thickness of 0.046m
of the medium.

Calculate the linear attenuation coefficient 4 of the ultrasound beam in the medium.
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10 (a) State what is meant by the acoustic impedance Z of a medium.

(b) Two media have acoustic impedances £, and Z..
The intensity reflection coefficient a for the boundary between the two media is given
by
an5)
(Z,+ Z,)

Describe the effect on the transmission of ultrasound through a boundary where there is
a large difference between the acoustic impedances of the two media.

(c) Data for the acoustic impedance Z and the absorption coefficient i for fat and for muscle
are shown in Fig. 10.1.

Zikgm—2s gfm
fat 1.3 x 106 48
muscle 1.7 x 108 23
Fig. 10.1

The thickness x of the layer of fat on an animal, as illustrated in Fig. 10.2, is to be
investigated using ultrasound.

surface S
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The intensity of the parallel ultrasound beam entering the surface S of the layer of fat is I.
The beam is reflected from the boundary between fat and muscle.

The intensity of the reflected ultrasound detected at the surface S of the fat is 0.012 I.
Calculate

(i) the intensity reflection coefficient at the boundary between the fat and the muscle,

o (B ~ 2y _ (=)
(2. + 2;)1 [[l-'?-!_- \*3}1&5_‘]1

K=~ 0 0l7%
CORTICIINT = oo v Nl
(ii) the thickness x of the layer of fat. i
-2
Tewd . o @
p g
i ~2(48)x
002 - (0-0178) €
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6 A parallel beam of ultrasound is incident normally on the surface of a layer of fat of thickness
1.1cm, as shown in Fig. 6.1.

fat muscle
Determine the ratio i—ﬂ
2
ultrasound I I _ 3 =uy
bhsar - |l —Ep [EEELE 6:'59
- -
Iai IE ol = 33
'T(ﬂ'BZ)I; 12-
 Yins 1.1em |
Fig. 6.1

For the ultrasound,

I, is the intensity just after entering the surface of the fat layer,
I, is the intensity incident on the fat-muscle boundary,

I, is the intensity reflected from the fat-muscle boundary,

I, is the intensity received back at the surface of the fat layer.

Some data for the fat are given in Fig. 6.2

specific acoustic impedance Z 1.4 x108kgm2s™
density p 940kgm3
absorption (attenuation) coefficient u 48m!
Fig. 6.2

(a) Calculate the time interval between a short pulse of ultrasound initially entering the layer of fat
and then returning back to the surface of the fat layer.

Sibially Colonlele gpmdl i Z< P C
\-L{xlnﬂ = Q:l‘lu:-'] )
=8 = 1"‘111{;#3 W"‘J.'E.'-'-

Sperd - Ifw

"
I'L‘lklﬂl . 1(1-1'::\&)

' -
time = li?xlbs[a]

k- bﬁ?ﬂlgg
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(b) Calculate the ratio i_ﬂ
! - UX
L. 1, B
I, ~ (U8)( 11x15")
1,
= 0-99
T 11 5 R SN US|
(c) Intensity I, is 0.33% of intensity I,.
I
Determine the ratio 2.
e—eﬂn:e EFEI{}IE —-l('iﬁs)(t-‘l)
= I3 e mu)z" *—( ),?
~ Uy ~204%)(011
:C’(Izeui ~ Y 033 .-.E..)Q )
=x(Le ) e e T
20 <& -
:E.)T]E i"f—‘ 9.Sxla
1= 1o [2]

(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 I—E of an increase in the difference between the

I

specific acoustic impedance of the muscle and that of the fat.

4
D(:EL-: (Z,.- Zp) — I3 il ITal,

3.": .......... -I-ZF}I' Tﬂ
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4 (a) (i) State whatis meant by the specific acoustic impedance of a medium. # = ,ﬁc

Praduck... &g' e S Ya . oadiur . dend...
&p@d Q{) %ﬂ\lnd etk

. [2]
(i) The intensity reflection coefficient «x is given by the expression
_(Z-Z)
{Eg + 2'1}2 ‘

Explain the meanings of the symbols in this expression.

Z and Z; . SpemF-nL G&M“t‘lc_ mpedpms n{’ w,dfum

_omd._madiom 3_vespech veby. .

(2]
(b) A parallel beam of ultrasound has intensity I, as it enters a muscle.

The beam passes through a thickness of 3.4cm of muscle before being incident on the
boundary with a bone, as shown in Fig. 4.1.

muscle bone

—_—
intensity I,

_-.
entering muscle

: 3.4cm ‘

Fig. 4.1

The intensity of the ultrasound beam as it passes into the bone is I;.

© UCLES 2016 9702/41/MINE



11

Some data for muscle and bone are given in Fig. 4.2.

linear absorption specific acoustic impedance
caaﬁic}?‘nt! m~? /kgm—2sT
=
muscle 23 1.7x108
bone 130 6.3x 108
Fig. 4.2
.
Calculate the ratio I 2
T G ) U o, @B
Transndled  _ ('l-—- ) e ’ CZ:_'E'Z)L
Iihﬂﬂl!-\l
¢ ]’-
ot o [8%e VOW] . gomg
[z w1 )]
T Y
r - (- x)e
To ~ (2)(34x13%)
« [1-o33) e
ratio = 'jg'
- 03|
@ UCLES 2016 9702/41/M/J16E
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[Total: 9]
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24.2  Production and use of X-rays
Candidates should be able to:

1 explain that X-rays are produced by electron bombardment of a metal target and calculate the minimum
wavelength of X-rays produced from the accelerating p.d.

2 understand the use of X-rays in imaging internal body structures, including an understanding of the term
contrast in X-ray imaging
3 recall and use I = I ™" for the attenuation of X-rays in matter

understand that computed tomography (CT) scanning produces a 3D image of an internal structure by
first combining multiple X-ray images taken in the same section from different angles to obtain a 2D
image of the section, then repeating this process along an axis and combining 2D images of multiple
sections
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9702/42/F/M/21 25

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.

............. &wasox,e.prodmdwﬂmaﬂmxm KMo
dm&oﬂs&d ,,,,,,,

Cyy o~ By o

_____ i Eﬂlw\m%gfﬁs.mﬁamwaaag
decalatolions.  produced pn. g degekr.

(ii) Calculate the wavelength of the highest energy X-ray photon produced.
1 -
Eh’. E“kL = 'P\C. EZ. — Ep
s E = Ve
Ve -0 . HAC
Ay %)
3 o .oxlo
stln)(’lfﬁnmnm) -0 = @-639{1n )(

PN
-
}\ ~ %'2“-17‘: 11?3 nA

i

wavelength = m [3]
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(b) Abeam 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/] ).

x/cm
0 1 2 3 4 5 6 7 8 9 10 M
D...ku | | | | 1

-0.2

0.4

06+ A N
In (111 A RO EE SN
-0.84++H | N

| : i"‘\\: Eq"g: "2'“)

Tl

Fig. 11.1

(i) Determine the linear attenuation (absorption) csefﬁment 1t for this beam of X-rays in the

tissue. % ‘E (
1.1, €™ | U= 22 = U ~(Godiok o oph)
~ At
A —— [ —2. D“D> —_-
Iﬂ M = —~Prr- = O2]
) ) LV Q"\e = A e emY 2]

'-‘ (i) Determine the thickness of tissue that the X-ray beam must pass through so that the
intensity of the beam is reduced to 5.0% of its initial value.

R ln o 08) = (& 02DY
—(o20) X
100 ~(o ").l')'l.')
0.0 = e iy L cm [2]

[Total: 10]
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12 High-energy electrons collide with a metal target, producing X-ray photons.

The variation with wavelength of the intensity of the X-ray beam is illustrated in Fig. 12.1.

A £, -6 = %f—_
I
intensity
Ek'-l ~0 = ._R_f-_
2 Re ’
‘_El - E"L - -T.: Ett = &
q\ S
El‘i - th
By =0 2 0 Cnk~off wevdlogtl wavelength
Qﬂﬂdfﬂw B olotorbed
oy tavget ulcleus Fig. 12.1

(a) Explain why there is

(i) a continuous dlstrlbutmn of wa'-..re

t‘M RAH.{Y\U NE. arc.—i-

&h:rw mﬁ m“ﬂde 58[3]

'\.

(if) a sharp cut-off at short wavelen gth

(iii) a Eermniﬂl&:f peﬁkrs': m GH%IEMUE distribution o wavelengths
Thes. 2 comted . dve % de- oncripaliah ajﬂl
OJDV\L oL wm\cﬂw&;{z/ﬁmdﬁ?fﬂw& T

(b) Inthe X-ray imag*&nf body structures, longer wavelength phntnns are frequently filtered out

of the X-ray beam. Ea
}\
(i) State how this filtering is achieved.

A&m\im‘;m £00s...a%a.. e d. T Wk
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(ii) Suggest the reason for this filtering.

Lovger. wandargls  X-Rang  Rave . Sasoer ensgy
dﬂ ngr  ConiN bnle F]w '&){(YP'IA'M‘ [Total: 8]

vk He Aele e%mrﬂ% . pakienb
Inesged -
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11 (a) State and explain how, in an X-ray tube, the hardness of the X-ray beam is controlled. N

A bdmﬂméﬁmgwﬂfgﬁ ..... ceflined...

Red. x-m% Beve. . Rhafter. wovdbt, cml dapefd;

v\tyV\“r% R_m\gegf AifMerent ﬂ X-E&. i?ﬂﬂ.mfm-[al

(b) A parallel beam of X-rays has intensity I; and is incident on a medium having a linear
absorption (attenuation) coefficient .

(i) State an equation for the variation of the intensity I with the thickness x of the medium.

I I — AN

)

o [+

R R R R R R R I I A

(ii) Data for the linear absorption (attenuation) coefficient u for an X-ray beam in blood and
in muscle is shown in Fig. 11.1.

ulcm™!
blood 0.23
muscle 0.22
Fig. 11.1

Suggest why, if this X-ray beam is used to image blood vessels in muscle, contrast on
the image would be poor.

Rradkaloidity, ... Aeperds.... vbon. e... Condes k. ...
b@md wﬂ&eﬂgﬂ«d rowmeel . s;m o drffeene. M.

Ahe.. Aasnrplen.. oslPion ENTo ém“ﬂﬂ L0.p2
thae v & WA CIJ’FFW‘Q 9, bk
omd wlle Eart on pww@u 5.
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12 (a) Outline brIEﬂy‘ the principles of CT scanmng

% AQJl W.Q 1?.5 N\Q%eﬂ ﬁ"g &Q,u._ Cli‘?—Cawhng

) wvg O C;&-H-me Plfogam i) 3;-} Q Bbmrvp-{g,fe
i 2D \voge  Con o fth‘ralu:l ‘L*\QK
UthO_c;\ Q‘UM ﬂwn .
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(b) In a model for CT scanning, a section is divided into four voxels. The pixel numbers P, Q, R
and S of the voxels are shown in Fig. 12.1.

D
. 2
2 D,
D, P Q
}
S R
Fig.12.1
The section is viewed from the four directions D,, D,, D, and D,.
The detector readings for each direction are noted.
The detector readings are summed as shown in Fig.12.2. 4934 61-2%
=1 = 27
49 61 73-1Yy 55-3Y
:_3‘! s 2\
73 55 }_ﬁ_ 27
2
=9 |= 9
21
Fig.12.2 -3-.; g %
- =3 | =7
The background reading is 34.

Determine the pixel numbers P, Q, R and § as shown in Fig. 12.3.

P Q
—_ S —_— C’
5 A
— 1.3 = 7
Fig.12.3
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POSITRON EMISSION TOMOGRAPWY ~

24.3 PET scanning

Candidates should be able to

1

understand that a tracer is a substance containing radicactive nuclei that can be introduced into the body
and is then absorbed by the tissue being studied

recall that a tracer that decays by ' decay is used in positron emission tomography (PET scanning)
understand that annihilation occurs when a particle interacts with its antiparticle and that mass-energy
and momenturm are conserved in the process

explain that, in PET scanning, positrons emitted by the decay of the tracer annihilate when they interact
with electrons in the tissue, producing a pair of gamma-ray photons travelling in opposite directions

calculate the energy of the gamma-ray photons emitted during the annihilation of an electron-positron
pair E~ = #nT y Pp= =

understand that the gamma-ray photons frém an annihilation event travel outside the body and can be
detected, and an image of the tracer concentration in the tissue can be created by processing the arrival
tirmes of the gamma-ray photons

24.3 - PET Scanning

Positron emission tomography (PET) scans can be used to form both 3D images and
cross-sections of the body through the following process:

1. The patient is injected with a positron-emitting ( [} + decaying) radionuclide attached
to a substance used by the region of the body under investigation.

2. The patient is left for around an hour to allow the radionuclide to move to the region of
interest.

3. The radionuclide will then be absorbed and broken down, releasing positrons which
will collide with electrons present in the body, causing them to become annihilated. The
minimum energy of each photon emitted is equal to the rest energy of the
electron/positron. The energy of the electron and positron is assumed to be shared
aqually between the gamma ray photons. The photon energy is i/ = £,

4. This releases two high-energy gamma rays, moving in opposite directions, which are
recorded by detectors. These signals are sent to a computer for processing, and an

image of the radioactivity in that region can be formed.
g + &
The image formed depends on the metabolic activity of the cells - i L
in the region, this is because cells with a high metabolism will f
break down more of the radionuclide, causing more annihilation ;

and therefore more gamma radiation to be emitted and detected.

The advantages of PET scanners:
+ [he metabolic activity of a region can be measured.
* Tumours can be detected and information about if they are spreading/malignant can
be found.
» [Brain activity can be easily investigated because gamma rays produced inside the
brain can easily pass through the skull.

The disadvantages of PET scanners:
o lonising radiation is used, which could cause damage to the patient's cells.
s Scans take a long time and require patients to stay very still inside the scanner, which
may be uncomfortable and may cause some patients to feel claustrophobic.
e They are very large and expensive, meaning that a patient may need to travel a long
distance to get to a hospital which has a PET scanner.



30.8 Positron Emission Tomography

Positron Emission Tomography or PET scanning is another tool in the diagnostic toolbox of modern
medicine. It has a range of uses: investigating, diagnosing and monitoring treatment of cancers, haart
dismase, gastrointestinal disorders and brain function.

The principle operation of PET is different from CT and ultrasound scanning. CT and ultrasound look at
the patient from the outside, whereas PET looks at the patient from the inside. A small amount of tracer,
sometimes referred to as a radistracer, is injected into a vein, travels round the body and is absorbed by
organs and tissues. It is the radiation from this that is used to produce the image.

Radiotracers

There are several different radiotracers used in PET, an example being a glucose based molecule, onto
which a radivactive-nuclide, fluorine-18, is attached, This substance is known as fluorodeoxyglucose. The
fluorine-18 nuclide decays by emitting a #*-particle, a positron. The advantage of using a glucose-based
tracer is that it is taken up at different rates by different tissuaes or organs, Cancer calls are more
metabolically active than surrounding healthy cells, consequently they absorb glucose at a higher rate
and thus emit radiation at a greater rate. This will then appear on the screen as a bright area, allowing
doctors to identify diseases and also determine the progress and effectiveness of any treatment used for
the disease. PET scans are not only used for the detection of cancers but are a diagnostic tool in
investigating blood flow, heart disease and brain injuries, and they are also being used to investigate
Alzheimer's disease and other forms of dementia.

PET scans are unique in that they are able to pinpoint molecular activity within the patient's body, rather
than looking at the body from outside. Consequently, they can identify disease in its earliest stages,
meaning that there is a greater chance of successful treatment, They can also be used to track a patient’s
immediate and ongoing response to treatments.

What happens in positron emission?

PET scanners require a radioactive isotope that decays by #% emission, the emission of a positron, the
antiparticle of the electron, which you met in Chapler 15, Most #* emitters are nol naturally ocourring
izotopes and are made by firing protons at target nucled.

The positron moves through the patient’s tissue and within a very short distance (significantly less than a
millimetre) it will encounter an electron. The pair will annihilate and their mass hecomes pure energy in

the form of two »-rays that move apart in opposite directions. The concept of mass-energy is discussed in

datail in Chapter 29,

@ :
!
£,
© %
2 . 8 Y+y
electron positron gamma-ray photons

Figure 30.20: Energy is released in the annihilation of a positron and an electron.

In the annihilation process, as in all collisions, both mass-energy and momentum are conserved, The
initial kinetic energy of the positron is small - negligible compared to their rest mass-energy - hence, the
vray photons have a specific energy and a specific frequency that are determined, solely, by the mass-
energy of the positron-electron pair.

The energy of a photon 15 given by:
E = hf

where h is Planck's constant, and f is the frequency of the photon.



The momentum of a photon is given by:
P E
=]

where ¢ is the speed of electromagnetic radiation in a vacuum.

energy ofaphoton = E = hf

momentum of a photon = p =

The production of suitable radioisotopes

You will remember from your work on magnetic fields that a charged particle entering a magnetic field at
right angles to the field will travel in a circular path. The cyclotron works on this principle, however, the
particles are continuously accelerated by an alternating electric field as they go round the eircle, thus
they travel in a spiral path before they are released and collide with the target nuclei. Figure 30.21 shows
an early cyvclotron, The principle of the cyclotron is shown in Figure 30.22.

In the production of fluorine-18, oxygen-18 nuclei are bombarded with protons and the following reaction
takes place:

I8 | b |

O+ p—> Fl+ n+7Y

hd I 9 0
The isotope, fluorine-18, has a half-life of just under two hours. This means the patient is not subjected to
radiation for a long period of time. However, it also means that the radiotracer needs to be made up
freshly, probably on site, to be most effective.

Figure 30.21: The cyclotron at the Lawrence Radiation Laboratory, Berkeley, soon after completion in
1939.



target nuclei

charged
particles

alternating supply to
provide accelerating
electric field

Figure 30.22: The principle of the cyclotron. Note, the magnetic field is into the plane of the page.

Questions

18 Suggest the reason why, in PET scanning, it is important that the positron meets an electron within a
very short distance from its point of emission.
19 Explain why the -rayvs produced in positron-electron annihilation must travel at 180° to each other,

20 Fluorine-18 decays by #* emission. Write a nuclear equation to show this decay,
21 a Calculate the energy released when a positron and an electron annihilate.
e 1 au =31 Gl
{Mass of an electron = mass of a positron = 9.1 x 1072 kg.) _;r RF‘(q_m, ‘J ﬂqﬂh‘j
Calculate the frequency of the s-rays emitted. E= PI-F = fﬂhﬁ‘r
¢ Calculate the momentum of the one of the »-ravs emitted, =

P=F=n}¢‘;§r_

- —

—
Detecting the y-rays N e -~
The patient being scanned is placed on a bed with a series of rings of detectors, in a donut tvpe shape,
The patient on the bed is moved through the detectors, so that a series of images of "slices’ through the
patient are made in similar manner to those made by a CT scan. Indeed, PET scans are often combined
with CT scans so that more information is gathered.

= N

Figure 30.23: A patient being prepared for a PET/CT scan by a radiologist, Mote the donut shaped ring,



which contains the detectors and through which the patient will be moved,

The detectors of the y-ray photons consist of two parts: a crystal that scintillates and a photomultiplier.
When a high energy y-ray photon is incident on the crystal, an electron is excited into a very high energy
state. As the electron travels through the crystal, it loses energy and excites more electrons; these
electrons then decay back to their original state, emitting visible light photons. The photons produced by
the scintillator are then converted into an electrical signal by the photomultiplier tube - these signals are
then fed to a computer that can plot back where the photon pair was originally produced.

Reconstruction of the image

Figure 30.24 shows a simplified view of the detectors in a PET scanners, They form a series of rings
around the patient. The »ray photons, formed by an electron-positron annihilation, travel from a point
very near to the event. They travel in a straight line and in opposite directions and strike the detectors as
shown. A line (known as the line of response) can be drawn, joining the two detectors. Using the time
lapse between the two photons arriving at the detectors, the position on the line of response can be
established. In practice, there are many annihilations and sophisticated computers analyse the data and
convert it into an image. The numbers of photons arriving from a particular point determine the
concentration of the tracer at that point. Where there are many arriving per unit time, it means that there
is a high concentration of tracer and this will appear as a bright point on the image.

array of
detectors

patient

point of electron-
position
annihilation

line of response

Figure 30.24: The arrangement of detectors in a PET scanner.

REFLECTION

It is about 120 years since X-rays were discovered. Modern medicine has many methods for looking
inside the bodies of people who are unwell or have suffered injuries. Use the internet to find as many
different methods as you can. Try and draw a timeline to show when these methods were developed.

What did vou learn about yourself as you worked on this activity? Did vou find it a useful way of
learning?



SUMPNaCy 6—8 PET .
WHAT IS A POSITRON?

BELONG TO THE FAMILY OF LEPTONS
* FUNDAMENTAL PARTICLES
ANTIMATTER PARTICLE OF ELETRON

RADIOTRACERS

* IT IS A SUBSTANCE THAT CONSISTS OF :
1. ARADIO ACTIVE MATERIAL[F-18]

2. A NATURAL CHEMICAL SUBSTANCE
[GLUCOSE]

3. INJECTED INTRAVENOUSLY
WHY USE GLUCOSE?

* ITIS ANATURAL ORGANIC COMPOUND THAT
IS REDILY USED BY METABOLICALLY ACTIVE
CELLS AND TISSUES OF BODY

* RATE OF UPTAKE BY TUMORS IS MUCH FASTER
AS THEY ARE CONTINOUSLY DIVIDING

* HENCE THEY EMIT RADIATIONS AT A FASTER
RATE




MECHANISM OF ACTION

* ONCE ABSORBED BY TARGET

CELLS[CANCER CELLS] THE ISOTOPE
DECAYS BY EMITTING POSITRON|[B+
particle]

* This cannot travel a long distance
from the target cell, significantly less
than a few millimeters

* They came across an electron which
are present in the tissues of body

ANNIHILATION

; « IT OCCURS WHEN A

() Pomenity 7, PARTICLE [ELECTRON]
COMES ACROSS ITS ANTI-
PARTICLS [POSITRON]

® ‘THE PAIR ANNIHILATES

.. AND IN THE PROCESS MASS
ENERGY AND MOMENTUM
IS CONSERVED

' THEY WILL BECOME PURE
ENERGY IN THE FORM OF
‘GAMMA RAY PHOTONS
;AND WILL MOVE IN
‘OPPOSITE DIRECTION




How to calculate energy of photon

E=hf

E is the energy of photon

h is the planks constant

f is the frequency of photon

Momentum is also conserved during annihilation
and is given by

P=E/c:
Where is the speed of electromagnetic radiation

Producing an image

. The gamma ray photons travel outside the body

A series of ring detectors, in a donut type shape,
detect these radiations:

As gamma ray photons travel in a straight line and
lin opposite direction, a line of response can be
drawn joining the two detectors.

Using time lapse between the arrival of two
lphotons the position of the annihilation can be
located hence pinpointing the site of tumour;




Producing an image

The gamma ray photons travel outside the body

A series of ring detectors, in a donut type shape
detect these radiations

As gamma ray photons travel in a straight line and

in opposite direction, a line of response can be
drawn joining the two detectors

Using time lapse between the arrival of two
photons the position of the annihilation can be
located hence pinpointing the site of tumour
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This 55-year-old smoking man developed a new cough.



