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 MatSE 540  Name:_______________________ 
 Crystal Anisotropy 
 Fall 2004 Last 4 Digits of SSN:__________ 
  
 Final Exam 

1. Imagine that you are trying to determine the magnetic point group of a new material that is 
simultaneously ferroelectric and ferromagnetic at room temperature (a major breakthrough!).  
Looking in the literature you see that at room temperature the crystallographic space group 
of this material has been narrowed down to be either I1a1 or P121/n1 (the existing diffraction 
papers are unable to between these two possibilities).   You are given a single-domain single 
crystal of this material and told its crystallographic axes in accordance with the two possible 
space groups above.  
a. To which magnetic point group(s) could this new material belong?  Explain.  (4 Points) 

 
 
 
 
 
 
 

b. Describe how you would test this material to determine its magnetic point group as well 
as its space group.  Describe the measurements you would perform including how you 
would carry out these measurements (directions in which you would tweak the material 
and the directions in which you would measure its response).  Explain how the results of 
your measurements will allow you to determine the magnetic point group and space 
group of the material.  (10 Points) 
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2. Consider the statements below.  For each state whether it is True or False (1 Point) and 
explain why (3 Points). 
a. The gray group 

!  

mmm" 1  is not the same as the magnetic point group mmm.  (4 Points) 
 
 
 
 
 
 
 
 
 

b. It is possible for a material with magnetic point group 

!  

4  to be ferroelectric along the Z3 
axis (i.e., have a reorientable electric polarization along Z3) at the same time that it is 
ferromagnetic along the Z3 axis (i.e., have a reorientable magnetization along Z3).  
(4 Points) 

 
 
 
 
 
 
 
 
 
 
 

c. The longitudinal electrostriction (where the displacement is measured in the same 
direction as the applied electric field) of the garnet pyrope (Mg3Al2(SiO4)3) (which has 
space group 

! 

Ia3 d) is isotropic.  (4 Points) 
 
 
 
 
 
 
 
 
 
 
 
 
 

d. Magnetostriction is a linear relation between strain and magnetic field.  (4 Points) 
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e. A single crystal ferromagnetic material with isotropic thermal expansion coefficient is 
impossible.  (4 Points) 

 
 
 
 
 
 
 
 

f. No cubic materials are piezoelectric.  (4 Points) 
 
 
 
 
 
 
 

3. The longitudinal dielectric constant 

!  

" K 
11( )values considered most accurate for SrTiO3, a 

material with space group 

!  

Pm3 m  at 27 °C, are listed in the table below (from Landolt-
Börnstein:  Numerical Data and Functional Relationships in Science and Technology, New 
Series, Group III, Vol. 11, edited by K.-H. Hellwege and A.M. Hellwege (Springer, 
Heidelberg, 1979) p. 328).  The original work (R.C. Neville, B. Hoeneisen, and C.A. Mead, 
“Permittivity of Strontium Titanate,” J. Appl. Phys. 43 (1972) 2124-2131) claims that the 
accuracy of these dielectric constant measurements is ±2% (the one-sigma error). 

 

 
 

 
a. Explain how these values are either consistent or inconsistent with your expectations 

based on crystal anisotropy.  If they are inconsistent, explain how it is possible that the 
experimental results are what they are.  (6 Points) 
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4. Consider the magnetic point group 

! 

" 6 m " 2 . 
a. On either of the stereographic projections below (whichever you find easier to draw on) 

draw a stereographic projection of this magnetic point group showing the symmetry-
equivalent points (utilize color or shape to indicate time reversal).  (7 Points) 

 

 
b. On either of the stereographic projections below (whichever you find easier to draw on) 

indicate the position of the symmetry elements (all of them), the location of the 
crystallographic axes (a, b, and c), and the location of the crystal physics axes (Z1, Z2, 
and Z3).  Make your drawing with the same relative orientation as your stereographic 
projection of part (a).  (7 Points) 
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c. Give a set of independent symmetry elements that are sufficient to generate this 
magnetic point group (i.e., the generating symmetry elements of 

! 

" 6 m " 2 ).  (4 Points) 
 
 
 
 
 
 

d. Give the transformation matrix (i.e., the a matrix) of a point group symmetry element of 

! 

" 6 m " 2  that involves (i.e., is either parallel to or perpendicular to) the Z1 axis?  Give a 
symmetry element other than 1 if at all possible.  (4 Points) 

 
 
 
 
 
 
 
 
 

e. Give the transformation matrix (i.e., the a matrix) of a point group symmetry element of 

! 

" 6 m " 2  that involves (i.e., is either parallel to or perpendicular to) the Z2 axis?  Give a 
symmetry element other than 1 if at all possible.  (4 Points) 

 
 
 
 
 
 
 
 

f. Give the transformation matrix (i.e., the a matrix) of a point group symmetry element of 

!  

" 6 m " 2  that involves (i.e., is either parallel to or perpendicular to) the Z3 axis?  Give a 
symmetry element other than 1 if at all possible.  (4 Points) 

 
 
 
 
 
 
 
 
 

g. Does 

! 

" 6 m " 2  have a center of inversion?  (2 Points) 
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h. Given that n1 ≥ n2 > n3 (where n is the index of refraction, a second rank polar tensor 
given by 

!  

n = "# , where 

!  

"#  is the high frequency dielectric constant of the material), 
sketch the electromagnetic wave phase velocity surface(s) for a single crystal with 
magnetic point group 

!  

" 6 m " 2  in the Z1—Z2, Z1—Z3, and Z2—Z3 planes.  Indicate the optic 
axis (axes) on your plots.  Use color or dashing to make your drawings clear.  (6 Points). 
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5. When an electric field E1 is applied along the Z1 direction of a Ba0.6Sr0.4TiO3 single crystal at 
room temperature (where Ba0.6Sr0.4TiO3 has space group 

!  

Pm3 m), the behavior below is 
measured.  Although this behavior was plotted by these authors (O.G. Vendik, Ferroelectrics 
for Microwave Applications (in Russian) (Soviet Radio, Moscow, 1979)) as dielectric 
constant, the observed dielectric constant is clearly anything but constant!   

 
a. Use tensors in addition to dielectric constant to describe this effect.  Define all terms in 

your equation(s), and indicate which terms are tensor properties and which are tensor 
quantities.  For each tensor property, indicate its rank, whether it is polar or axial, and its 
units.  (6 Points)   

 
 
 
 
 
 
 
 
 
 

b. Using Neumann’s law indicate which components of the tensor(s) you defined in part (a) 
are mainly responsible for the non-constant behavior seen in the plot above (in which the 
electric field is only applied along E1).   Describe how you would determine the values 
of the specific tensor components that are mainly responsible for the observed behavior.  
(6 Points)   
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6. This problem involves starting with a totally randomly-oriented powder of iron and 

processing it.  ! -Fe has magnetic space group 

!  

I
4
m

" m " m  at room temperature (where the 

point groups below are measured) and gray group 

! 

Fm3 m " 1  at the high temperature that it is 
hot-pressed in step (b).  At each step of the process described below, indicate the point group 
symmetry (or magnetic point group symmetry—your choice) of the polycrystalline ! -Fe. 
a. What is the point group symmetry of the initial (totally randomly-oriented) ! -Fe 

sample?  (2 Points)  
 
 
 
 
 

b. The iron sample is heated to high temperature and hot-pressed (uniaxial stress).  What is 
the point group symmetry of the iron sample after cooling to room temperature.  
(2 Points)  

 
 
 
 
 

c. A magnetic field is then applied at an angle of 27° with respect to the hot-pressing axis.  
What is the point group symmetry of the iron sample following this step in the process? 
(2 Points) 

 
 


