Module 6.5 Medical Physics


	Topic area
	Text book pre-reading
	Syllabus ref
	Max possible score in exam questions
	Your score in exam questions

	X-ray generation
	

	6.5.1
	13
	

	X-ray attenuation
	

	6.5.1
	16
	

	Gamma camera
	

	6.5.2
	7
	

	PET and CAT scans

	
	6.5.1 & 2
	9
	

	Ultrasound

	
	6.5.3
	4
	

	Acoustic impedance 

	
	6.5.3
	10
	

	The Doppler effect

	
	6.5.3
	6
	

	Total

	65
	



By the end of this topic you should be able to….
· Describe the generation of X-rays using an X-ray tube
· Explain the four methods of x-ray attenuation and calculate the reduction in intensity of x-rays
· Describe how a CAT scan works and the advantages of this over an x-ray image
· Describe the use of radioactive tracers in medicine and the components and use of a gamma camera as part of this
· Describe how a PET scan works
· Describe the properties of ultrasound and how this is generated and detected using the piezoelectric effect
· Describe the similarities and differences between an ultrasound A and B scan
· Calculate acoustic impedance of a medium and use this to determine the ratio of reflected ultrasound at a boundary. Using this phenomena describe why a gel is used in an ultrasound for impedance matching
· Describe the Doppler effect in ultrasound to determine the speed of blood and calculate this.

By the end of module 6.5 you need to be able to define the following key terms:

Attenuation coefficient

Compton effect

Pair production

Scintillator

Collimator

Ultrasound

Piezoelectric effect

Acoustic impedance 

Doppler effect

Equations given in exam
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X-ray attenuation
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The gamma camera
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PET versus CAT scans
[image: ]
[image: ]








Ultrasound
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Acoustic impedance
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The doppler effect
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7 (a) X-rays are produced in an X-ray tube when fast moving electrons hit a metal target.

Fig. 7.1 shows a typical graph of intensity 7 against wavelength A of X-rays emitted by an
X-ray tube.

Fig. 7.1

High-speed electrons colliding with the atoms in the target metal can remove electrons from
these atoms. The removal of such electrons creates ‘gaps’ in the lower energy levels of these
atoms. These gaps are quickly filled by electrons in the higher energy levels making transitions
to these lower energy levels. The electrons lose energy which is released as photons with
particular wavelengths. These emission spectral lines are shown by the high intensity peaks
such as K shown in Fig. 7.1.

Fig. 7.2 shows three of the energy levels, A, B and C, for the metal atoms of the target. The
electron transition shown produces the peak K.
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Fig. 7.2
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(i) Explain what is meant by an energy level of an atom.
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(i) The peak K occurs at a wavelength of 7.2 x 10-1'm. Calculate the value of the energy
level B.

value of energy level = . L J 3]

(iii) In Fig. 7.1, the shortest wavelength %, produced from an X-ray tube depends on the
accelerating potential difference V. The maximum kinetic energy of a single accelerated
electron is equal to the energy of a single X-ray photon of wavelength ;. Explain how 4,
from the X-ray tube changes when the accelerating potential difference of the X-ray tube
is doubled.
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(b) X-rays are used to scan the human body. A parallel beam of X-rays is incident on a muscle.
The attenuation (absorption) coefficient u for X-rays in muscle is 0.96cm™".

(i) Calculate the fraction of X-ray intensity absorbed by 2.3 cm of muscle.

fraction =

(i) The attenuation coefficients for X-rays in bone and fat are 2.8cm™' and 0.90cm™'
respectively. Two X-ray images are taken, one with bone and muscle and another with
muscle and fat. State and explain which image will give better contrast.

[Total: 10]
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(a) State two main properties of X-ray photons.

(b) Fig. 7.1 shows an X-ray photon interacting with an atom to produce an electron-positron pair
in a process known as pair production.

atom
X-ray photon

positron

Fig. 7.1




image9.png
Calculate the maximum wavelength of X-rays that can produce an electron-positron pair.

wavelength =

(c) Name an element used as a contrast material in X-ray imaging. Explain why contrast materials
are used in the diagnosis of stomach problems.

[Total: 8]
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8 (a) A patientis having an X-ray scan. The X-rays interact with the atoms in the patient. Name and
describe the three methods by which X-rays interact with matter.

/ In your answer, you should make clear why the transmitted intensity of the X-rays decreases.




image11.png
(b)

(c)

Explain what is meant by a medical tracer. Name a medical tracer commonly used to diagnose
the function of organs.

The main components of a gamma camera are the collimator, scintillator, photomultiplier
tubes and the computer. Describe the function of each of these components.

In your answer, you must make clear how one of these components governs the sharpness of
the image.





image12.png
(d) Describe the operation of a computerised axial tomography (CAT) scanner. State one of the
advantages of a CAT scan image over a conventional X-ray image.
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(e) Positron emission tomography (PET) can be used to locate an area of increased activity
within the brain. Describe the principles of PET.

/ In your answer you should make clear how the position of increased activity is located.
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9 (a) State two main properties of ultrasound.

(b) Describe how the piezoelectric effect is used in an ultrasound transducer both to emit and
receive ultrasound.

scan.
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The quality of ultrasound images in increasing at a phenomenal pace, thanks to
advances in computerised imaging techniques. The computer technology is
sophisticated enough to monitor and display tiny ultrasound signals from a patient.

The ratio of reflected intensity to incident intensity for ultrasound reflected at a
boundary is related to the acoustic impedance Z; of the medium on one side of the
boundary and the acoustic impedance Z, of the medium on the other side of the
boundary by the following equation.

reflected intensity _ (Z, - Z;)*
incident intensity  (Z, +Z,)*

(a) State two factors that determine the value of the acoustic impedance.

121




image16.png
(b)

An ultrasound investigation was used to identify a small volume of substance in a
patient. It is suspected that this substance is either blood or muscle.

During the ultrasound investigation, an ultrasound pulse of frequency of
3.5x10% Hz passed through soft tissue and then into the small volume of
unidentified substance. A pulse of ultrasound reflected from the front surface of
the volume was detected 26.5 ps later. The ratio of the reflected intensity to the
incident intensity, for the ultrasound pulse reflected at this boundary was found to
be 4.42 x 10~*. The table below shows data for the acoustic impedances of
various materials found in a human body.

medium acoustic impedance Z kg m2s™
air 4.29 x 10?
blood 1.59 x 10°
water 1.50 x 10°
brain tissue 1.58 x 10°
soft tissue 1.63 x 10°
bone 7.78 x 108
muscle 1.70 x 10°

(i)  Use appropriate data from the table above to identify the unknown medium.
You must show your reasoning.

MEdiUM = .o
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(i)  Calculate the depth at which the ultrasound pulse was reflected if the speed
of ultrasound in soft tissue is 1.54 km s™".
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(i) ~Calculate the wavelength of the ultrasound in the soft tissue.

wavelength = ..o m
[2]
[Total 10 marks]
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9 (a) Explain what is meant by Doppler effect.

(b) Describe how high-frequency ultrasound can be used to determine the speed of blood through
the arteries of a patient.

/ In your answer you should make it clear how the speed is determined.
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(c) A patient is scanned using ultrasound of frequency 2.4 MHz. The speed of ultrasound in the
blood is 1.57 kms™". The acoustic impedance of blood is 1.66 x 108kgm=2s~1.

Calculate

(i) the density of blood

(ii) the wavelength of ultrasound in the blood.

wavelength =
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7 (a) Describe in simple terms how X-ray photons are produced in a hospital X-ray machine.

(b) Fig. 7.1 shows a simple X-ray intensifier screen.

photographic

plate
single X-ray . .
H light
photon i photons

phosphor

Fig. 7.1

A bright X-ray image can be produced using an image intensifier. A single X-ray photon
incident on the phosphor produces about a thousand photons of visible light. The photons of

visible light produce an image on a photographic plate.

(i) Explain what is meant by a photon.
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(c) Inan X-ray machine, accelerated electrons hit a metal target. Most of the kinetic energy of the
electrons is converted into heat, but a small amount is converted into X-ray photons.
Electrons having maximum kinetic energy create the shortest wavelength X-ray photons.
Calculate the shortest wavelength of X-ray photons emitted from an X-ray machine operating
at 120kV.

wavelength = ... m [3]




