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INSTRUCTIONS: Answer guestion one and any other two questions

QUESTION ONE (30 MARKS)

a) The wavelengths of first-order X-rays are 2.20 Rat8". Find the distance between the
adjacent Miller planes. (2 marks)
b) i) Discuss the key principles and working of X- iagtrument (5 marks)
i) State three advantage and disadvantages ofdtimique in analysis (2 marks)
iii) State four application areas of x-ray crystgitaphy (2 marks)
0] Explain the difference between bremstralung radiation, white radiation and the
continuous spectrum.
(i) Are these radiations made in an X-ray tube?
(i)  How or Why? (3 marks)
c) What are the advantages of synchrotron radiation over a lab x-ray source? (at least 4)
(2 marks)
d) [100] indicates the direction 100 (u,v,w). What do (100), {100} and <100> refer to?
(2 marks)
e) What are the 3 reference frames (coordinate systems) of importance to the study of

orientation of crystals in an x-ray diffraction measurement? (2 marks)
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QUESTION TWO (20 MARKS)

a)
b)

c)

d)

e)

Discuss the instrumentations of x-ray crystallogsap (10 marks)
State the limitations of x-ray crystallography (3 marks)
Give the crystal structure and number of atomsunitcell fora-iron, y-iron, silicon,
diamond. (2 marks)
Distinguish between constructive and destructiverfarence of waves (2 marks)
Give the two examples of static and dynamic elastattering and describe the

correlation function associated with each. mMEFks)

QUESTION THREE (20 MARKYS)

a)
b)

c)

d)

Differentiate between Reflection versus Diffraction (2 marks)
Discuss the key steps involved in order to deteentie atomic structure of a crystal
using x-ray crystallography (10 marks)
) State Bragg's Law and State two application8@ggs law (3 marks)
li) Using the example of a halogen lamp and a pserl, explain what a collimated beam
of electromagnetic radiation is. Why is collimatiomportant to Bragg's Law?

(3 marks)
Explain the observation “Colloids can't really foonystals from a kinetic perspective

even if they had perfect structure”. (2 marks

QUESTION FOUR (20 MARK S)

a)
b)

d)

Compare Laue versus Bragg (2 marks)
Atoms of a given type are indistinguishable whillgects on the colloidal/nanoscales
have a distribution in size and shape. How canefiect the difference between
scattering in the XRD range of angle and scattesirgmall-angles. (Give an example of
an object on the colloidal or nanoscale). hku)

X-rays are electromagnetic radiation of higher ggeompared to visible light. If you
could see X-rays in the same way you can seewgltd they appear brighter than light?
Explain. (3 marks)

i) What is the dependence of X-ray absorption ¢oeffit on wavelength? (2 marks)
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i) In order to calculate the thickness of leaddezbto shield an X-ray generator using a
copper target and running at 20 mA and 50 kV whateiength would you used to
determine the absorption coefficient. (4marks

e) Using the example of a halogen lamp and a pen,lagplain what a collimated beam of
electromagnetic radiation is. Why is collimationpontant to Bragg's Law? (4 marks)
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