Mathematics Major
Goals

1. Read and write mathematical proofs that are clear, correct, complete, and logical.
2. Apply sophisticated problem-solving techniques to both abstract and real-world problems.

3. Appreciate the nature of mathematics as an aesthetic discipline, and continue to learn mathematics throughout their lives.

4. Understand the role of mathematics in history, and recognize the ways in which mathematics has developed as a discipline.

5. Acquire knowledge and skills that are commonly expected for successful work in graduate school, professional employment, or teaching mathematics at the secondary school level, depending on the student’s career focus.

Objectives

1. Develop a mathematical argument to prove simple theorems previously unknown to them, and write these proofs in a clear and logically complete form.
2. Recognize whether a proof is logically accurate.

3. Prove statements by induction, by contradiction, and by proving the contrapositive.  Be able to combine theorems in order to write multi-step proofs.

4. Think logically, critically, rigorously, and clearly to formulate precisely and solve mathematical problems.

5. View the discipline of mathematics as a creative, artistic endeavor as evidenced by perspectives of graduates in an exit evaluation process, verifying that graduates believe that creative problem solving techniques are an integral part of mathematics.

6. Visualize problems described symbolically, and interpret symbolically their visual intuition.

7. Identify groups, rings, and fields as they appear in algebra and geometry.

8. Prove commonly-used facts about the integers, real numbers, complex numbers, integers modulo a prime, and polynomials.

9. Be able to solve some simple diophantine equations.

10. Be able to apply notions of vectors, matrices and algebra to questions of spatial and higher-dimensional geometry.

11. Be able to apply notions of matrices and functions to study the general interrelatedness of various variables.

12. Be able to construct rigorously from first principles the limit, infinite series, partial and total derivatives, and the Riemannian integral.
13. Be able to apply continuity, connectedness and compactness issues to prove statements about real-valued functions.

14. Solve linear constant coefficient systems of ordinary differential equations, and be able to linearize nonlinear systems of differential equations to assess critical point behavior.  Recognize simple circumstances when an initial value problem is guaranteed to have a unique solution.

15. Relate how mathematics is constructed from an axiomatic point of view and indicate ways in which mathematics is limited.

16. Be able to connect the axiomatic, formal approach to the intuitive approach for mathematics.
17. Identify the significant historical developments and accomplishments in mathematics and identify how some of these ideas have contributed to human progress.

Objectives for Pure Mathematics Students
1. Define and appropriately use principal terms in the following major areas of mathematics: real analysis, complex analysis, differential equations, linear algebra, abstract algebra, and topology.

2. Provide important examples that illustrate the ideas for those areas.

3. State, prove, and apply the principal theorems for those areas.

4. Explain rigorously why a quintic polynomial cannot be solved using radicals, and why an angle may not be trisected using compass and straight edge.

5. Explain the notion of quantity being invariant under certain transformations, in geometry and algebra (for instance, eigenvalues are invariant under change of basis, connectedness is invariant under homeomorphism, energy is invariant under time evolution of a conservative system).

6. Be able to use Lebesgue integration and use basic properties of measure and measurable sets.

7. Describe the logical relationship between various topological properties and use topological intuition to address questions of continuity, connectedness and compactness.

8. Be able to address whether a geometric question hinges on topological properties, geometric properties, differentiable or analytic properties or none of these.

9. Be able to do contour integrals with holomorphic functions of one complex variable, and relate properties of holomorphic functions, such as having a power series, mapping conformally, and containing harmonic functions.  Recognize the various constraints that holomorphicity demands of a function.

10. Be able to address how introducing curvature changes geometric concepts in the plane.

Objectives for Applied Mathematics Students
1. Define and appropriately use principal terms in the following major areas of mathematics: real analysis, complex analysis, differential equations, linear algebra, probability, and statistics.
2. Provide important examples that illustrate the ideas for those areas.

3. Be able to state, prove, and apply the principal theorems for those areas.
4. Be able to use summation notation and use permutations, combinations, and the pigeonhole principle.

5. Recognize and apply common probability distributions to calculate expected values, variances, probabilities, conditional probabilities, and moment generating functions.

6. Apply standard techniques of hypothesis testing and describe the accuracy of the test according to various measures.  Address the accuracy of fitting a model or estimating a parameter, and describe the extent to which various random variables are related.

7. Be able to use Lebesgue integration and use basic properties of measure and measurable sets.

8. Be able to do contour integrals with holomorphic functions of one complex variable, and relate properties of holomorphic functions, such as having a power series, mapping conformally, and containing harmonic functions.  Recognize the various constraints that holomorphicity demands of a function.
Objectives for Secondary Education Mathematics Students
1. Define and appropriately use principal terms in the following major areas of mathematics: real analysis, differential equations, linear algebra, abstract algebra, geometry, probability, and statistics.

2. Provide important examples that illustrate the ideas for those areas.

3. State, prove, and apply the principal theorems for those areas.

4. Use summation notation and use permutations, combinations, and the pigeonhole principle.

5. Recognize and apply common probability distributions to calculate expected values, variances, probabilities, conditional probabilities, and moment generating functions.

6. Apply standard techniques of hypothesis testing and describe the accuracy of the test according to various measures.  Address the accuracy of fitting a model or estimating a parameter, and describe the extent to which various random variables are related.

7. Address how introducing curvature changes geometric concepts in the plane.

8. Explain rigorously why a quintic polynomial cannot be solved using radicals, and why an angle may not be trisected using compass and straight edge.

9. Explain the notion of a quantity being invariant under certain transformations, in geometry and algebra (for instance, eigenvalues are invariant under change of basis, connectedness is invariant under homeomorphism, energy is invariant under time evolution of a conservative system).
