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. Answer Four (4) questions only

" 1. (a) Explain brieﬂy the following atomic-scale processes involved in X-ray production:

(i) Inner shell ionization.
. (ii) Bremstrahlung. : _ : i o
Indicate which is used for medical imaging, and why? - [ 30 marks]

(b) Before taking an X-ray image, the X-ray beam er'ne:rging from the tube is 'passéd through -
a filter. Explain briefly, the reasons for filtering the X-rays and name a material which can be

*  used asa filter. ‘ _ [ 20 marks]
. (c)Ina simp'le. chest X-ray a cross-sectional scan of the human body may be dpproximated by.
the fipure below: , ' o
| |
muscle " 3cm. ‘In this scan a linear X-ray beam of
 4cm L3 intensity 1.00 W m™ with 100 keV photons, is
AT : ‘ Jung incident upon on soft tissue and passes in turn
~ 2om i bore:. . 4.cm ‘through a bone, lung and mussels as shown in the
r.nust..fe ' Ty above figure. = : '
: ' ¥ The linear attenuation coefficients (p) for
M bone, muscle and lung are 0.60 cm™, 0.21 cm™
B A and 0.07 cm™ respectively.
\ ]a v IA o

X-ray flim

Calculate the contrast between the two regions A and B of the exposed X-ray film, where
contrast C is defined as the difference in optical density D (absorbance) of the two regions
and is given by ' -

. . ‘IA
€= Dy~ Dy = 7loglo [ ]

(You may assume that the beam intensity Ip and the exposure time are chosen such that the
exposures at A and B fall on the linear region of the film's response clrve, slope Y= 2.5).

© [ 50 marks]
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2. What is the difference between spontaﬁeous and stimulated emission? - [25. ﬁtaﬂcgj g i

~(b) Explain what is meant by population inversion and ckplain why this is.a nci:'eé.'sé&g-
condition for lasing to take place. & - [25 marks]

(c ) State which property of thé lasers suit medical applications and why?. Name three
: _examples of the lusesof lasers in medicine. 7 - _ o [25 marvks] -

(O Ina procésé which is referred to as “spot welding” a pulse of about 50 mJ of energy is -

delivered to-an area of about 0.75 mm?, in less than 0.50 ms . Calculate the intensity of the - '
 light used in “spot welding” in W m>. ‘ - [25 marks]

3 (@ An obtical ﬁbré is made from an innélf material with refractive index Tipand a cladding
; matqrial of .rcfractiVe index 1 as shown in the fipure below. When the inci_deht array re_aches
the critical angle C, any furthér reduction of @ results in transition through the side wall. '

Air Ng

y _
o Ne

- What is the relationship among 0, 1§ , N and thc,dritical angle C'?

Ne  Air

‘Derive the expression O max= Si'n"l,['_l-] ' (hfz - nCZ)I/ 2.
~for the maximum external acceptance half angle of'the fibre.

Calculate the numerical aperture of this fibre
: : [40 marksj]

-(b } Light falls at an angle of 15° on the plane end of a straight fibre ﬁaving cladding. The
core and cladding have refractive indices of 1.55 and 1.35 respectively. Show by calculation
- whether light will or will not be transmitted along this fibre. - [20marks] .

(¢) With the help of diagrams distinguish the formation of coherent and incoherent bundles
of optical fibres and their roles in endoscopy.

[25 marks]

(d) Write down three ways in which a doctor might use an endoscope. :
' [15 marks]
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7 4 (a) The acoustlc nnpedance (Z) of air is 400 kg m?s?

_ Density (kg m™) | Velocity of sound (m ™
Muscle 1076 | 1580
Bone 1912 .- 4080
Brain 1025 1540
Calculate the ‘intensity of the reflected “ltrasound at the mterface between chest muscle and

_atr as a proportion of the incident intensity. - [ 30 marks]

~ (b) State two reasons why ultrasound i magxng is preferred than X-ray. for monltormg foetal
. development and why it is not approprlate to detect a 3 mm brain tumour 7

T15 marks]

00172

- (©) Descrlbe how the Doppler Effect is used in ultrasound imaging and outline information
that a Doppler ultrasound scan can provide about blood flow in the heart. - - [ 25 marics] o

(d) Compute the frequency shift due toa blood ﬂow velocity of 20 cm §° for 3.0 MHz beam

incident upon ‘the blood vessel at 10° to the flow. Make a drawing of the geometry for .'

- measurement that you have assumed “What percentage shift in frequency.is th159 e ‘
[ 30 marias']

5. (a) ‘What does the acronym “NMR?” means ? What are two types of molecules respon51ble
for the signal in MRI 7. , [10 marlcs]

(b) Describe the sequence of event and assoclated processes of physms by which an 1mage is
produced usmg magnetic resonance imaging. : . N [ 40 maricv]

" (c) Name and descrlbe bneﬂy three applications of NIV[R in d1agnostlc medlcme

[ 20 marks]
(d) Describé the relaxation time T1 and T2 associated with MRL. S 30 marks] |
6. (a) List three Cancer warning signals _ ' - [20 marks]
- (b) How do_es radiation cause cancer‘? o [20 marks]

(¢ ) Why are X- ray or gamma (y) ray photons and electrons the most commonly used
" radiation for cancer therapy. Give at least two reasons. : [ 20 mar lcs]

(d) Why is it 1mportant that rad101sotope implants used to treat cancer have a long half-life?

[ 20 marks]
(e) Technetium-99 has a physical half —life of 6 hours Calculate how Iong it would take for

- 200g sample of active technetium-99 to decay to 25g. : ' [ 20 marks]
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