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PHY3 JUNE 2001 - TOPIC D - MEDICAL PHYSICS


Topic D – Medical Physics

4.   (a) Define electrical potential difference. (1)

State an appropriate unit for potential difference. (1)

Express this unit in terms of base units. (2)

(b) Explain why the effective half-life of a radioisotope administered to a patient is less than the half-life due to radioactive decay. (1)

131I has a radioactive half-life of 8 days and a biological half-life of 21 days. 

Calculate the effective half-life of 131I  (2)

After how many days will the fraction of a sample of 131I remaining in the body be 1/8 of the administered dose? (2)

Give one reason why gamma-emitting radionuclides are preferred for tracer studies. (1)

State another property (other than half-life) that is important when selecting an appropriate gamma-emitting radionuclide for diagnostic purposes. (1) 
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(c) Explain why a coupling medium between the transducer and the body 

surface is necessary when carrying out an ultrasound scan. 

You may be awarded a mark for the clarity of your answer. (3)

Suggest an appropriate substance for use as a coupling medium. (1)

The diagram shows an A-scan trace on an oscilloscope. 

The pulses represent reflections from opposite sides of the head of a fetus.

The time base of the oscilloscope is set at 50 μs div-1. 

The speed of sound in the fetal head is 1.5 x 103 ms-1.
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Calculate the size of the head of the fetus. (4)

(d) The diagram opposite shows part of a diagnostic X-ray tube. 

Suggest an appropriate operating voltage for this tube. (1)

Why is the anode rotated? (1)

Why is the X-ray tube evacuated? (1)

Suggest an appropriate material for the outer case. (1) 

(e) Read the short passage below and answer the questions about it.

Attenuation is the reduction in intensity of a beam as it travels. 

X-ray beams are usually heterogeneous, that is they contain X-rays 

of many different wavelengths. In passing through a medium the 

different wavelengths are attenuated by different amounts. 

Longer wavelength (lower energy) X-rays are attenuated more than shorter wavelength ones. After passing through a filter the remaining X-rays therefore have a higher average energy and are relatively more penetrating. A more penetrating beam is said to be of better quality. As a heterogeneous beam passes through a medium its quality gradually increases. This process is described as hardening. The quality of an X-ray beam may be improved by either increasing the tube voltage or using a filter.
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[Adapted from Medical Physics Imaging by J. Pope]

State the meaning of the following terms used in the passage. 

(i) Heterogeneous;  (ii) Hardening  (2) 

The graph shows the distribution of different wavelength X-rays in a 

typical X-ray beam.

Show on a copy of this graph the possible distribution of X-rays after passing 

this beam through a filter. (3) 

Why is the X-ray beam relatively more penetrating after it has been filtered? (2) 

Suggest why it is beneficial to the patient to filter the beam. (2)

(Total 32 marks)










