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CME 300 Properties of Materials 
 

ANSWERS:  Homework 4 October 12, 2011 
 

1)  The Scherrer equation can be obtained by taking the derivative of the Bragg Equation.  
Perform this derivative.   Begin by multiplying λ and d by an integer m such that md = t, the 
Scherrer Size.  Differentiate keeping in mind that mλ is a constant.  The smallest increment in t is 
d, so “dt” is equal to d.  You must reuse Bragg’s law to simplify your final expression to obtain 
the Scherrer Equation using dθ = B.  
 

� 

mλ = 2t sinθ
0 = 2sinθdt + 2t cosθdθ
0 = 2d sinθ + 2t cosθB
0 = λ + t cosθB

t =
λ

Bcosθ
~ 0.9λ
Bcosθ

 

 
2)  Debye-Waller thermal broadening of diffraction peaks is modeled with a Gaussian function, 

that predicts a diffracted peak shape of 

� 

I(q) = exp
−q2 u2
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⎟ 	  where	  q	  is	  the	  scattering	  vector	  

� 

q =
2π
dBragg

=
4π
λ
sin θ( ) 	  and	  

� 

u2 	  is	  the	  mean	  square	  free	  path	  for	  the	  atoms	  about	  the	  lattice	  

site.	  	  Compare the Debye-Waller function with the Gaussian Distribution function and give a 
value for the standard deviation about the peak (peak width) due to thermal broadening.  Do you 
think it is logical to use the Gaussian Distribution to describe a diffraction peak (explain your 
answer, you need to explain what a Gaussian Distribution is normally used to describe). 
 

The Gaussian distribution is 

� 

P(x) = P(0)exp
− x − x( )2
2σ 2
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⎟ 	  and	  describes	  a	  random	  

distribution	  about	  a	  mean	  value	  <x>	  with	  the	  standard	  deviation	  of	  σ.	  	  This	  is	  the	  “bell	  
shaped	  curve”	  for	  grade	  distribution;	  however,	  it	  is	  strictly	  inappropriate	  when	  there	  is	  a	  
minimum	  or	  a	  maximum	  value	  (0	  and	  100	  for	  grades).	  	  (A	  log-‐normal	  could	  be	  appropriate	  
when	  there	  is	  a	  minimum	  value.)	  	  For	  the	  Debye-‐Waller	  Factor	  the	  mean	  is	  the	  atomic	  
lattice	  position	  taken	  to	  be	  0	  and	  the	  angle	  converted	  to	  inverse	  distance	  or	  q	  replaces	  x	  in	  

the	  Gaussian	  distribution	  so	  the	  variance	  is	  

� 

σ 2 =
3

2 u2
.	  	  The	  Debye-‐Waller	  Factor	  is	  used	  as	  

a	  prefactor	  to	  the	  intensity	  for	  a	  diffraction	  peak.	  	  The	  larger	  the	  atomic	  motion,	  the	  larger	  

� 

u2 	  and	  the	  smaller	  the	  peak	  intensity.	  If	  the	  diffraction	  peak	  were	  originally	  a	  Gaussian	  in	  

q,	  

� 

I q( ) = I 0( )exp
− q − q hkl( )( )2
2σ hkl( )
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,	  the	  Debye-‐Waller	  Factor	  is	  centered	  on	  q	  =	  0	  not	  at	  q(hkl)	  so	  

mostly	  effects	  the	  intensity	  of	  the	  peak,	  not	  the	  shape. 
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3)  Why can’t diffraction be used to make a picture of a crystal lattice?  (You answer should 
consider how a crystal would appear in inverse space).  
 
Diffraction gives statistical information about the crystalline structure.  An image has details 
about a specific small group of atoms.  In inverse space, lattice points are given by Miller indices 
for planes.  Each point includes all of the planes of a given type.  So the lattice is not a picture of 
a few atoms in their lattice positions but an average of all of the Miller indices in the entire 
crystal.  The spatial connection between the Miller indices, that is their arrangement in 3d space 
is lost in inverse space.  So we know that certain repeat distances occur but we do not have the 
ability to reconstruct the 3d image directly from the diffraction pattern.  This is called the loss of 
phase information. 
 
4)  In class we discussed the phase diagram for two polymers that display partial miscibility.  
Sketch a plot of the free energy change on mixing versus composition at a temperature where 
there is a miscibility gap.  Show in this plot the origin of the spinodal and binodal regimes.  
Sketch the morphology that result from spinodal and binodal decomposition.  Show the spinodal 
and binodal curves in a UCST system and indicate the points that are determined from your free 
energy versus composition plot. 
 

 
The binodal line is associated with the circles and spinodal line with the squares. 
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Spinodal   Binodal (Nucleation and Growth) 
 

χAB
(1/T)

 
 
Problems from Hummel (Chapter 5) 
 

 

 
Amount of liquid = (34-28)/(34-23)=0.545; Amount of solid = (28-23)/(34-23)=0.455 
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799°C α+L=>β; 586°C β => α+γ; 640°C γ+ε=>ξ; 640°C ξ=> ε+L; 526°C γ=>α+δ; 350°C 
δ=>α+ε; 415°C ε+L=>η; There are others but it gets confusing at the bottom right. 
 

 

 
8.8% copper in silver and 8% silver in copper.  Both occur at the eutectic temperature, 780°C. 
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At 25°C there is almost no solubility of copper in silver.   
 

 

 
At 400°C and 5% Cu a mixture of α and θ phases are present.  There will be about (5-3)/(52-3)= 
0.04 fraction of the θ phase and 96% of the α phase. 
 

 

 
This occurs at about 820°C. 
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No it does not exist since both the solidus and liquidus slope upwards in the phase diagram so 
when the nickel content in the solid increases the nickel content in the liquid will also increase. 
 

 

 
a) Eutectic temperature 780°C b) 28.1% Cu (Eutectic composition) c) about 812°C d) α phase 
about 5% Cu. 
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Problems from Callister p. 304 
 

 
The chemical potential of two phases in equilibrium are the same.  The chemical potential is the 
first derivative of free energy with respect to composition. 
 

 
a) ε+η Cε =87% Zn Cη =97% Zn 
c) Liquid CL = 55% Ag 
e) β+γ Cβ=49% Zn Cγ=58%Zn 
g) α  Cα = 63.8% Νi 
 

 

 
Not possible.  At 8% Cu the β phase does not exist. 


