Physics P3 -  Medical applications of physics


P3.1 Medical applications of physics – X Rays & Ultrasound
Physics has many applications in the field of medicine. These include the uses of X-rays and ultrasound for scanning, and of light for image formation with lenses and endoscopes

Candidates should use their skills, knowledge and understanding to:

■ compare the medical use of ultrasound and X rays

■ evaluate the advantages and disadvantages of using ultrasound, X-rays and Computerised Tomography (CT) scans.

P3.1.1 X-rays
a) X-rays are part of the electromagnetic spectrum.  They have a very short wavelength and cause ionisation.

b) X-rays can be used to diagnose and treat some medical conditions.

c) Precautions to be taken when X-ray machines and CT scanners are in use.
P3.1.2 Ultrasound
a) Electronic systems can be used to produce ultrasound waves, which have a frequency higher than the upper limit of hearing for humans.

b) Ultrasound waves are partially reflected when they meet a boundary between two different media.

The time taken for the reflections to reach a detector can be used to determine how far away such a boundary is.

c) Calculation of the distance between interfaces in various media.    s =v x t
d) Ultrasound waves can be used in medicine.

X-rays

X-rays are part of the electromagnetic spectrum.  They have a very short wavelength and cause
ionisation.

Have you every broken an arm or a leg?  If you have, you will have gone to your local hospital for an X-ray photograph.  

WHAT ARE X-RAYS?

	Radio Waves
	
	
	
	
	
	Gamma rays


Radiography 
In X-ray radiography images are produced by casting an X-ray shadow onto a photographic film or digital detector: 
Like gamma rays, X-rays can travel through soft tissues in body with little attenuation and are only “stopped” by high density tissues such as bone. 

Radiograph: 

· Fully exposed areas of film/detector appear black. 

· Dense objects block more X-rays and so appear white. 

· Soft tissues like fat and muscle result in intermediate exposure and so appear grey. 

[image: image1] 
White indicates dense parts of body

Grey indicates less dense regions

Download some X-ray images from the web and stick them into the space below.
Computerised tomography (CT) 
X-ray source and detector rotated around body as patient moves through scanner 

The data collected can be processed using a computer to produce a slice or 3D image. 

Compared to radiography, CT imaging better for: 

· imaging of soft tissues 

· differentiating between overlying structures in the body. 
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CT Scanner

A computerised tomography scanner (CT scanner) produces a digital image of any cross-section through the body.  It can also be used to construct a three-dimensional (3-D) image of an organ.
Comparison of a CT scanner with an ordinary X-ray machine
	
	CT scanner


	Ordinary X-ray machine

	Image distinguishes between bone and soft tissue


	
	

	Image distinguishes between different types of soft tissue

	
	

	Three- dimensional image

	
	

	Radiation dose

	
	

	Cost

	
	


Safety matters
X-radiation is dangerous because it ionises substances it passes through (see diagram below)

· High doses kill living cells.  
· Low doses can cause cell mutation and cancerous growth.
There is no evidence of a safe limit below which living cells would not be damaged.
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Workers who use equipment or substances that produce X-radiation (or alpha, beta or gamma radiation) must wear a.  If the badge is overexposed to such radiation, its film badge wearer is stopped from working with the equipment.
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We are exposed to background radiation everyday (see pie chart).  The table above compares the does from normal X-rays and a CT scan.
[image: image10.png]



X-ray therapy
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Doctors use X-ray therapy to destroy cancerous tumours in the body.  Thick plates between the X ray tube and the body stop X-rays reaching healthy body tissues.  A gap between the plates allows X-rays through to reach the tumour. X-rays for therapy are shorter in wavelength than X-rays used for imaging.
Assessment 1

The marks available for each question are shown in square brackets at the end of the question

1.
The image below is a radiograph produced using a digital detector. 
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(a)
Complete the following statement about the digital detector using the key words above.

Parts of the digital detector that are exposed to X-rays appear __________ and unexposed areas appear _________ [1]

(b)
Suggest one advantage of using a digital detector over a photographic film [1]

2.
X-rays are electromagnetic waves that have a shorter wavelength than visible light.

(a) Give one other difference between X-rays and light. [1]
(b) Explain how X-rays are produced in vacuum tubes. [1]

(c) Which other part of the electromagnetic spectrum has a shorter wavelength than visible light? [1] 

3
The effective dose can be measured in milli-Serverts (mSv) or expressed as the time taken to receive the equivalent dose from background radiation. Doses for chest scans are shown below. 
	
	Dose (mSv)
	Equivalent background radiation dose

	Chest radiograph
	0.02
	3.5 days 

	Chest CT scan
	6.6
	3.1 years


(a)
Explain why high doses of X-ray radiation can be dangerous. [1]

(b)
Despite the higher risks to the patient, why are CT scans sometimes used instead of radiography? [1]

(c)
Name a source of natural background radiation. [1]

(d)
A CT scan of the head has an effective dose of 1.4 mSv. Use information from the table to work out the equivalent background radiation dose for a head CT scan. [2] 

Ultra Sonics
Ultrasonic is the word used to describe the range of sound beyond the limit of human hearing (20 Hz to about 20 000Hz).  Other animals can hear sounds in the ultrasound range.
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Testing ultrasound
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Use a loudspeaker connected to a signal generator to produce ultrasound waves. Connect a microphone to an oscilloscope to detect the waves and display them.  You can use the apparatus to:

· measure the frequency of the ultrasound waves,

· test different materials to see if they absorb ultrasound waves,

· show that ultrasonic waves can be reflected and refracted,

· show that ultrasonic waves can be partly reflected.
Question

When a layer of material is placed between the loudspeaker and the microphone, the waves on the screen become smaller. What conclusions can you draw from this?
Uses of ultrasonics

Ultrasonic scanners
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These are used to produce images of organs in the body (bladder gallstones, the heart, etc.) or of a baby in the womb. 
The ultrasound equipment consists of:

· a transducer (probe), which converts electrical signals into ultrasound, and detects the reflected signals that come back.

· a signal generator that makes pulses, typically at a frequency of about 2 000 000 Hz (2 megahertz).

· a computer to convert the pattern of signals back into a meaningful picture.

For each pulse the probe sends out, it detects reflected pulses from the different boundaries in the path of the transmitted pulse.  The probe is moved slowly over the body surface to build up an image of internal tissue boundaries on the screen.

     [image: image5.jpg]



The advantages of using ultrasonic waves instead of X-rays for medical scanning are that ultrasonic waves are:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Q. The speed of sound through the body is about 1400 m/s.  What is the wavelength of an ultrasound signal of frequency 2 000 000 Hz? (show your working out)
Ultrasound scans
The marks available for each question are shown in square brackets at the end of the question
1.
In order to produce an ultrasound scan, like the one shown below, a probe and gel are used.
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(a)
Why is the gel used? [1]
(b)
In the diagram above the part of the probe that produces the ultrasound waves is labelled X. What does X contain? [1]
2.
A doctor use 5000 kHz ultrasound waves to scan a foetus. 


(a)
Why can humans not hear these waves? [1]

(b)
Ultrasound waves are longitudinal. What is a longitudinal wave? [1]

(c)
What is the time period for a 5000 kHz wave? [1]
3. 
Dolphins also scan using ultrasound. A dolphin hears an echo from a fish 0.02 seconds after it makes a noise (speed of sound in water is 1500 m/s)


(a)
How far has the ultrasound wave travelled? [1]

(b)
How far away is the fish? [1]

(c)
The dolphin swims closer to a distance of 9m from the fish, how long will it 
take to hear the echo? [2]

(d)
Other than medical imaging, give one other example of scanning using ultrasound [1]
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