
MMAT 5322 – Fall 2009 
Homework 3– XRD 

Due Friday, Oct 30, at the start of class 
 
 
Question 1 
Complete the following table for an incident wavelength of 0.71 Angstroms 
(Molybdenum Kalpha) and a cubic unit cell of 3.4 Angstroms. Note the question asks to 
determine 2*theta, not theta. For primitive (simple cubic), BCC, and FCC, simply note 
whether the reflexions are allowed or forbidden.  
 
h^2+k^2+l^2 h k l d spacing 2theta h+k+l SC BCC FCC 

1          
2          
3          
4          
5          
6          
7          
8          

 
 
Question 2 
Draw the 3-d reciprocal lattice for an FCC crystal. You may ignore h^2+k^2+l^2>8 (you 
may find useful part of your answer from question 1). 
 
 
Question 3 
Consider the following hypothetical crystal: 

Large red dots at (0, 0, 0) 
 Large red dots at (½, ½, ½) 
 Small light green dots at (¼, ¼, ¼)
 (ie. different atoms from the dots) 
 Small light green dots at (¾, ¾, ¾)
 (ie. different atoms from the dots) 
 

a. Calculate the structure factor.  
b. Determine the basic rules for diffracting 

planes (e.g. for even and odd variations 
of hkl planes, etc). 

c. Identify which rules are for strong, weak, 
or forbidden reflexions. 

 



Question 4 
a. Plot the general Lorentz polarization factor vs. 2*theta, and overlay the Lorentz 

polarization factor for a powder diffraction pattern.  
b. What are the diffraction angles (2theta), and multiplicity factors (P), for a simple 

cubic crystal ? You should already have the angles from Q1. Only consider up 
to h^2+k^2+l^2=4.  

c. Ignoring other common terms in the diffraction intensity equation (specifically 
assume k=1, A=1, B=0), plot the predicted diffraction peak angles and intensities 
as a function of 2*theta. Again, part of your answer to Q1 may be useful, as will 
be the answer from Q4a.  

 
 
Question 5 
For the following peak at 61.5 degrees of 2theta, with an approximate FWHM of 0.7 
degrees, and assuming an incident wavelength of 0.71 Angstroms (Mo Kalpha): 

a. Describe two 
ways in which 
this peak pattern 
will change as 
temperature 
increases. 

b. Assuming this 
peak breadth is 
due to diffraction 
domain size (i.e. 
grains, particles, 
etc), what is the 
volume weighted 
size? 

c. Assuming the peak breadth is due to strain, how much strain is there? 
 
 
 
 
 



Question 6 
Following are several images of pumpkins. Assuming the pumpkins are actually atoms, 
sketch approximate distribution functions (not the transforms, just the real-space 
functions) in plane (x, and also y if different), and out of p lane (z)? Ignore pumpkin 
details, dimples, coloring, stems, faces, etc.—i.e., a pumpkin is a pumpkin is a pumpkin. 
 
 
a. (random 3-d pile of pumpkins) 
 
 

 

b. (single layer of pumpkins on the 
ground, some ordering) 
 

  
 

c. (varying periodicities, ignore image 
distortion near top from wide angle lens) 
 

 

d. (some ordering in all directions) 
 
 

 

 
 


