
LINEAR ALG EBRA II for Science 201-HTK-05

Spec ific Ele ment s of the  Comp eten cy (in italics) Standard of Performance:  The student must be able to:

To represent va rious situations, draw ing upon  relevant conc epts, laws and p rinciples.
To solve problems using a method proper to science.
To apply techniques of experimentation or validation specific to science.

1. ABSTRACT VECTOR SPACES
1.1 demonstrate an understanding of the topics covered in Objective OOU Q (Linear I).

2. INNER PRODUCT SPACES
2.1 define an  inner pro duct.
2.2 compute inner products (including function spaces, matrices, etc.).
2.3 determin e if given ope ration defin es an inn er produ ct.
2.4 determin e if given vec tors are orth ogonal with  respect to a g iven inne r produc t.
2.5 calculate the angle betwe en vectors.
2.6 define an orthonormal basis for a vector space.
2.7 determine if a given set of ve ctors form an orthonor mal basis.
2.8 construct an orthon ormal basis using the Gra m-Schmidt process.
2.9 find the transition matrix for a ch ange of basis.
2.10 use the properties of orthogonal matrices, in particular rotation and reflection.

3. EIGENVALUES AND EIGENVECTORS
3.1 define an eigenvalue and an eigenvector.
3.2 give the characteristic equation and find the characteristic polynomial of a matrix A.
3.3 find the eigenvalues and eigenvectors for a given matrix A and give a basis for the eigenspace of A.
3.4 find the eigenvalues of a triangular matrix and for a power of a matrix.
3.5 define a diagonalizable matrix and state conditions under which a matrix is diagonalizable.
3.6 determin e if a given m atrix is diagon alizable or not.
3.7 use the eigenvectors of a matrix A to diagonalize A.
3.8 use diagonalization to compute powers of a matrix.
3.9 apply these results to symmetric matrices.

4. LINEAR TRANSFORMATIONS
4.1 define a linear transformation.
4.2 determine if a given function is a linear transformation, a linear operator.
4.3 find the image of a given vector under a linear transformation.
4.4 find the composition of tw o linear transformations.
4.5 define the kernel(nullspace) and range of a linear transformation.
4.6 determine if a given vector is in the kernel or range of a given linear transformation.
4.7 describe the kernel and range of a given linear transformation, state their dimensions and find bases for them.
4.8 defin e a on e-to-on e linea r tran sform ation  and d escri be its k erne l.
4.9 determine the kernel of a linear transformation and use it to determine whether the transformation is one-to-one.  If so, find the inverse transformation.
4.10 use th e equ ivalen t resu lts con cern ing th e matr ix A of  the tr ansfo rmati on an d its in vertib ility.
4.11 find the standard matrix for a linear transformation.
4.12 find the standard matrix for the composition of linear transformations and for the inverse transformation (when one-to-one).
4.13 define similar matrices and explain what matrix properties are invariant under a similarity transformation.
4.14 use these properties to find a basis that diagonalizes the standard matrix.
4.15 apply the principal axis theorem an d reduce an d identify quadric forms.

Optional topics may be chosen from amongst the following:

5. ALGEBRAIC STRUCTURES
5.1 give basic definitions and  properties of abstract algebraic structure s; these would includ e groups and su bgroups, rings and fields.
5.2 determine whether a given set with specified operations satisfies the definition of a certain structure.
5.3 demonstrate an u nderstanding  of homomorphisms a nd isomorphisms be tween algebraic struc tures.

6. NUMERICAL METHODS IN LINEAR ALGEBRA
6.1 carry out LU_ and  QR_ factorizations.
6.2 compute eigenvalues numerically using the power method.
6.3 determine the singular value decomposition of a matrix.
6.4 find solutions using the least squares method (fit of a polynomial function to a curve; applications to Fourier series).
6.5 discuss the reliability and precision of these methods and know what can go wrong with them.

7. LINEAR PROGRAMMING
7.1 define convexity and extreme points (vertices) in a vector space.
7.2 set up a linear programming problem.
7.3 apply the Extreme Points Theorem and the Duality Theorem.
7.4 use the simplex method  to solve maximization problems.

8. COMPLEX VECTOR SPAC ES
8.1 use complex numbers in rectangular and polar form and apply DeMoivre's Theorem.
8.2 represent complex numbers in the form z = re

i2
.

8.3 perform basic operations with vectors in a complex vector space.
8.4 verify properties of complex vector spaces (linea r dependen ce and inde pendence, span ning sets, subspaces, bases, etc.) as for rea l vector spaces.
8.5 define the complex E uclidean inner pr oduct of vectors and  know the prop erties.
8.6 define an inne r product on a co mplex vector space an d investigate its properties.
8.7 give the basic properties of un itary, normal and Herm itian matrices.

Use Map le to carry out these calculations.

At the teacher's discretion, appropriate and closely related definitions, derivations, proofs and applications using pertinent technology may be added and form part of
the evaluation.


