27-750 Advanced Characterization and Microstructural Analysis

A. D. Rollett: last revised on January 17", 2008.

Homework 1; different representations of orientations (as rotations).
Due: Jan. 22", 2008

1. The objective of this question is to see for yourself how an axis transformation
works, and what the difference between this and a vector rotation is.

(a) Draw a x-y set of Cartesian axes and add to the diagram a second set of
perpendicular axes, xCGand yQhat represent a 2D axis transformation (rotation in
a plane) through a positive (anti-clockwise) angle ! =30;. Write down the matrix
that describes the rotation in terms of sine and cosine functions (if this is not
obvious, use the formula given in the slide for constructing the matrix based on
scalar products between basis vectors).

(b) Calculate the coefficients of a unit vector parallel to [31] in the first set of axes
([31] is the same thing as [310] in 3D but simply omit the third coefficient.)

(c) Calculate the coefficients of the same unit vector in the second, new set of
axes.

(d) Now make another diagram that shows a vector rotation through the same
angle. Write down the matrix and explain in your own words why the two
matrices are similar but different.

(e) Take the same unit vector // [31] and apply the active/vector rotation to it (i.e.
calculate the coefficients of the new vector). Compare your result to the one in
part (c) above.

2. The objective of this question is to review the differences between the
different definitions of Euler angles.

Explain carefully the differences between the Bunge, Roe and Kocks conventions
for Euler angles. In particular, describe the sense of rotation associated with
each of the three rotations.

3. The objective of this question is to give you some practice in making
conversions between the different ways of representing texture components.
For the texture component called GCOthat is defined by the Miller indices
(231)[346], calculate:

(a) the corresponding (passive rotation, or, axis transformation) orientation
matrix;

(b) the Bunge Euler angles [hint Dall three angles should be less than 90i];
(c) the axis-angle pair;

(d) the Rodrigues vector;

(e) the quaternion;

(f) a standard stereographic projection (with 001 in the center) on you have
drawn the RD, ND and TD.

In the past for this question, | required students to write a computer program for



each step and to submit it along with the answer. The reason for this
requirement was that you will find the code extremely useful in subsequent
research (as well as the rest of this course)! 1 still strongly suggest programming
your answer in any of C, C++, Fortran, Perl, Python, Mathematica, MatLab, or
MathCad (77 onwards). However, it is perfectly acceptable to do this homework
in Excel since there are no loops or repeated calculations required.

Example of a calculation so that you can check that your method is working:
Texture component = @rassQdefined by (hkl)luvw]=(110)[1 1 2]
041 058 0.71

a)Matrix:|-0.41 -0.58 0.71

0.82 -058 0
b) Euler angles: {54.7; 90; 45;}
c) Axis-angle: 125.8 {0.7915 0.0674 0.6074}
d) Rodrigues vector: { 1.5459 0.1317 1.1862}
e) Quaternion: {0.7046 0.06 0.5406 0.45581}, or, {-0.7046 -0.06 -0.5406 -
0.4558 }
f) Positions of the hkl and uvw marked by o and , respectively, as well as the
cross-product, +.
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4. Repeat the calculation for the texture component called @opperOthat is
defined by the Miller indices (112)[ 1 1 1], calculate:

(a) the corresponding (passive rotation, or, axis transformation) orientation
matrix;

(b) the Bunge Euler angles [hint Dall three angles should be less than, or equal
to 90i];

(c) the axis-angle pair;

(d) the Rodrigues vector;

(e) the quaternion;

(f) a standard stereographic projection (with 001 in the center) on which you have
drawn the RD, ND and TD.



