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PHY3 SPECIMEN PAPER - TOPIC D - MEDICAL PHYSICS


Topic D – Medical Physics

4. (a) An X-ray tube operating at 65 kV has a tube current of 120 mA. 

The tube produces X-rays with an efficiency of 0.8%. 

Calculate the rate of heat production in the anode. (3 marks)

(b) State what is meant by the terms radioactive half-life and biological half-life. (2 marks)

Why does biological half-life depend on both the organ and the patient?  (2 marks)

(c) Outline the use of a radioactive tracer in measuring the volume of blood in a person. You may be awarded a mark for the clarity of your answer. (4 marks)

Iodine-131 has a half-life of 8 days. 

Approximately what percentage of a sample of iodine will remain in the body after a period of one month?  (2 marks)

Complete the following equation for the decay of iodine-131.
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(2 marks)

A second isotope of iodine, iodine-123, is available. It decays by emission of gamma radiation only.

Explain which isotope of iodine you would prefer for treatment of an over-active thyroid gland. (3 marks)

(d) The formula for the reflection coefficient for ultrasound is [(Z2 - Z1)(Z2 + Z1)]2. 

What quantity does Z represent? (1 mark)

In a pregnant woman, the bladder is between the outside of the body and the baby. A pregnant woman needs to have a bladder full of urine if she wishes to have a successful ultrasound scan of her baby. The principal contents of an “empty” bladder are gaseous. With reference to the formula for reflection coefficient, explain why an “empty” bladder

would make an ultrasound scan unsuccessful.  (3 marks)

Give one reason why ultrasound might be preferred to a method involving a radioisotope for investigating the size of a body organ. (1 mark)

(e) An ultrasonic transducer or probe typically produces pulses of 1 μs duration. The pulses are sent into the medium and the returning echoes are detected by the transducer, amplified and recorded. In general, the higher the frequency the better the resolution gained in diagnostic techniques. You would therefore expect that the highest possible frequencies would be used. Unfortunately, the higher the frequency, the greater the absorption of energy from the beam. Because of this, investigations near the surface all use a high frequency probe operating at 10 MHz, and find detail can be seen. Investigations of deeper tissues use a lower frequency, e.g. 3.6 MHz.

[Adapted from G Hart and F Armes: Medical Physics for Advanced Level, Simon and Schuster Education 1992.]

(i) Express 1 μs and 3.5 MHz in standard form, i.e. using powers of ten.

Calculate how many times in 1 μs a 3.5 MHz ultrasonic probe moves

in and out.

Draw a sketch graph of the wave pulse produced in 1 μs. 

Add a scale to the time axis. 

(5 marks)

(ii) How is frequency related to wavelength for ultrasonic waves 

in one medium?

Explain the phrase “the higher the frequency the better the resolution”. 

 (3 marks)

(iii) Give an example of an investigation which would be near the 

surface of the body.  

(1 mark)

(Total 32 marks)










