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Module 6: Medical Imaging
This section provides knowledge and understanding of X-rays, CAT scans, PET scans and ultrasound scans. This section shows how the developments in medical imaging have led to a number of valuable non-invasive techniques used in hospitals. Not all hospitals in this country are equipped with complex scanners. Learners have the chance to discuss the ethical issues in the treatment of humans and the ways in which society uses science to inform decision making (HSW10 and 12).
	Specification reference
	Checklist 
questions

	6.5.1 a
	Can you describe the basic structure of an X-ray tube (components: heater (cathode), anode, target metal and high-voltage supply)?
	

	6.5.1 b
	Can you describe the production of X-ray photons from an X-ray tube?
	

	6.5.1 c
	Can you define these X-ray attenuation mechanisms: simple scatter, photoelectric effect, Compton effect, and pair production?
	

	6.5.1 d
	Can you explain the attenuation of X-rays?
	

	6.5.1 d
	Can you demonstrate that I = I0e−μx?
	

	6.5.1 e
	Can you describe X-ray imaging with contrast media?
	

	6.5.1 f
	Can you describe computerised axial tomography (CAT) scanning and the necessary components?
	

	6.5.1 g
	Can you explain the advantages of a CAT scan over an X-ray image?
	

	6.5.2 a
	Can you describe the medical tracers technetium-99m and fluorine-18?
	

	6.5.2 b
	Can you describe the gamma camera and its components, and the formation of gamma camera images?
	

	6.5.2 c
	Can you explain diagnosis using the gamma camera?
	

	6.5.2 d
	Can you define positron emission tomography (PET)?
	

	6.5.2 e
	Can you explain diagnosis using PET scanning?
	

	6.5.3 a
	Can you explain ultrasound frequency?
	

	6.5.3 b
	Can you define the piezoelectric effect?
	

	6.5.3 b
	Can you define ultrasound transducers?
	

	6.5.3 c
	Can you describe ultrasound A-scans and B-scans?
	

	6.5.3 d
	Can you calculate the acoustic impedance of a medium, Z = ρc?
	

	6.5.3 e
	Can you explain the reflection of ultrasound at a boundary?
	

	6.5.3 e
	
Can you demonstrate that ?
	

	6.5.3 f
	Can you describe impedance (acoustic) matching?
	

	6.5.3 f
	Can you explain the use of gel in ultrasound scanning?
	

	6.5.3 g
	Can you describe the Doppler effect in ultrasound?
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Homework and Independent Study
HW:
Assessed past-paper questions.
 
Kerboodle online task(s)
Revision: For
 
Module 6.5
 topic 
test
IS: 
Textbook summary questions on each 
sub-
topic, to self-assess.
 
Zig-zag
 
module 6 
booklets for revision and IS.
 
Answers distributed at end of topic.
Use of online resources including physicandmathstutor.com, Seneca L
earning and Kerboodle textbook, Chapter 2
7
.
 Practise past-paper questions at the end of topic (textbook pages
 540-1
).
)6.5.3 g
	
Can you calculate the speed of blood v in the body: ?
	




 (
Key Terms
A-Scan:
 A method of scanning tissue that involves placing an ultrasound emitting
 
transducer on the surface of the body, and then measuring reflections of emitted
 
pulses. A-Scans are used to measure the foetal head size during pregnancy.
Acoustic Impedance:
 The product of the speed of sound through a given
 
medium, and the density of the medium.
Anode:
 A positively charged electrode.
Attenuation of X-Rays:
 The reduction of X-ray intensity as they pass through
 
matter.
B-Scan:
 A method of scanning tissue, used for more complex structures than
 
A-scans. Instead of the echo signals controlling the y-gain (as in A-scans), they
 
control the brightness of the oscilloscope spot. B-scans are used to determine the
 
placenta’s position during pregnancy.
Cathode
: A negatively charged electrode.
Compton Effect
: The decrease in a photon’s energy when it is scattered by a
 
charged particle. This results in a decrease in the photon’s frequency and
 
therefore an increase in its wavelength.
Computerised Axial Tomography Scanning
: A scanning method that produces
 
a cross section of the body by rotating a monochromatic x-ray beam around it, in
 
combination with a series of detectors.
 Whilst it produces higher resolution images
 
that ultrasound and is non-invasive, it is highly ionising and costly.
Contrast Media
: A contrast medium is a substance that ensures that there is a
 
significant difference between the density of the area being scanned and the rest
 
of the body. Barium is often chosen due to its high proton number. It is consumed
 
by the patient.
Gamma Camera
: A type of detector used in PET scanners, consisting of
 
photomultiplier tubes that convert gamma photons into electrical pulses.
Medical Tracers
: Gamma emitters that have suitably short half-lives to be
 
ingested into the body, and be detected externally for the duration of a medical
 
process.
Pair Production
: The production of a particle
 /
 antiparticle pair from a
 
sufficiently high energy photon.
Photoelectric Effect
: The emission of electrons from a metal surface when light
 
above a certain frequency is shone on it.
Piezoelectric Effect:
 An effect shown by crystals like quartz. When a potential
 
difference is applied, the crystal will mechanically deform. Likewise, when the
 
crystal is deformed, a potential difference is produced.
Positron Emission Tomography Scans
: A scanning technique that produces
 
cross-sectional and 3D images. It involves a radionuclide being injected into the
 
body, which then releases gamma photons that are detected by the scanning
 
machine.
Simple Scatter
: The process of low energy photons scattering off a particle
 
without a change of momentum.
Ultrasound
: Sound waves with a frequency higher than the upper-frequency
 
audible to the human ear (
20kHz
).
X-Ray Tube
: An evacuated tube which converts electrical signals into X-rays.
)
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