10021 Basic Algebra I (2)

Learning Outcomes for Basic Algebra I, MATH-10021

Knowledge

The students should  learn operations on integers, fractions, decimals and percents, properties of real numbers.  Should be familiar with the first degree equations and start problem-solving with formulas. Should learn how to solve equations and inequalities in one variable, linear equations.

Comprehension

Should understand the notion of the rate of change and slope,  should be able to draw graphs in the Cartesian plane. 

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to solve first degree equations and start problem-solving with formulas

Synthesis

Should start developing abstract thinking.

Evaluation

Should work consistently to complete progress and comprehensive assessments in ALEKS

Class Activities

To solve problems in class and discuss mathematical ideas.

Out of class Activities

To work regularly to solve problems and add topics to the ALEKS pie.

10022 Basic Algebra II (2)

Learning Outcomes for Basic Algebra II, MATH-10022

Knowledge

The students should  learn the notions of  functions, systems of linear equations, exponents, polynomial operations,  should get acquainted with scientific notation.

Comprehension

Should understand   factoring polynomials, solving quadratics by factoring, radicals and rational exponents.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to factor polynomials,  and to solve quadratics by factoring,  solve problems related to radicals and rational exponents.

Synthesis

Should  continue developing abstract thinking.

Evaluation

Should work consistently to complete progress and comprehensive assessments in ALEKS

Class Activities

To solve problems in class and discuss mathematical ideas.

Out of class Activities

To work regularly to solve problems and add topics to the ALEKS pie.

10023 Basic Algebra III (2) 

Learning Outcomes for Basic Algebra III, MATH-10023

Knowledge

The students should learn the notions of  zeros of functions, rational expressions and equations, problem-solving with rational expressions, intermediate factoring techniques.

Comprehension

Should  be able to understand notions related to Quadratics: functions, graphs, equations, inequalities, "quadratic type" equations.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should  be able to analyze the graphs, equations, inequalities related to quadratics.

Synthesis

Should continue developing abstract thinking.

Evaluation

Should work consistently to complete progress and comprehensive assessments in ALEKS

Class Activities

To solve problems in class and discuss mathematical ideas.

Out of class Activities

To work regularly to solve problems and add topics to the ALEKS pie.

10024 Basic Algebra IV (2) 

Learning Outcomes for Basic Algebra IV, MATH-10024

Knowledge

The students should  learn the advanced factoring techniques, rational functions, radical equations, absolute value equations and inequalities, exponential and logarithmic functions.

Comprehension

Should  be able to solve problems  with Exponential and logarithmic functions.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should  be able to  analyze the graphs of  and the information related to the exponential and logarithmic functions.

Synthesis

Should continue developing abstract thinking.

Evaluation

Should work consistently to complete progress and comprehensive assessments in ALEKS

Class Activities

To solve problems in class and discuss mathematical ideas.

Out of class Activities

To work regularly to solve problems and add topics to the ALEKS pie.

10041 Elementary Probability and Statistics (3)       

Learning Outcomes for Elementary Probability and Statistics, MATH-10041

Knowledge

The students should  learn the notions of descriptive statistics, probability concepts, binomial and normal distributions, as well as the notions of conditional probability and  counting techniques.

Comprehension

Should understand the notions of sampling, estimation, and hypothesis testing.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to  analyze the paired data, linear models and correlation. 

Synthesis

Should  continue developing abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

11008 Explorations in Modern Mathematics (3) 

Learning Outcomes for Explorations in Modern Mathematics, MATH-11008

Knowledge

The student should discover mathematical ideas that affect everyday life by comparing various voting methods in mathematics of social choice and demonstrating an understanding of mathematical concepts appearing in nature and management science. 

Comprehension

Should understand the notions of growth and symmetry. Should get acquainted with the mathematics of social choice and statistics.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to analyze the odds, the chances and probabilities of events. 

Synthesis

Should continue developing abstract thinking.

Evaluation

Should complete homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

Learning Outcomes for  Modeling Algebra (4),    Math 11009

	Knowledge
	

	
	Analyze a given set of real-world discrete data numerically and graphically and determine which of the elementary functions would be an appropriate mathematical model.



	
	With the aid of a spreadsheet, graphing calculator, or similar technology, students can construct a model that captures essential features of a situation described by  discrete data. 

Student can use a function model to analyze and interpret a situation described verbally or with data. 



	
	Compare and contrast characteristics (numeric, graphical, symbolic) of functions studied in the course:  linear, quadratic, exponential, logarithmic, polynomial.



	
	Master algebraic techniques and manipulations necessary for problem solving and modeling in this course.



	
	

	Insight
	Discern whether mental, paper and pencil, algebraic, or technology-based techniques are appropriate as they formulate, validate, and analyze problems. 



	
	Exhibit a tendency to apply mathematical modeling to help them answer questions that arise in their daily lives either at work or at home. 



	
	Describe the role and usefulness of mathematical modeling in the decision making process of social and life scientists, business personnel and government agencies. 



	
	Correctly interpret a given mathematical result (i.e. a solution to a math problem).



	
	Develop a personal framework of problem-solving techniques



	
	

	Engagement
	Consider and explain the role of mathematics in understanding business and social problems

	
	Analyze the relevance of mathematical modeling to their field of study and give at least one concrete example. 



	
	Improve their confidence in and attitude toward math because of the sense-making emphasis in the course.

	
	

	
	Participate actively in class discussions. 

	Responsibility
	

	
	Develop skills as a team player and  decision making in a group setting. 

Develop confidence and competence in communicating mathematical knowledge to peers. 

	
	Demonstrate competent, ethical, and responsible use of information in academic work.



	
	Evaluate group dynamics within their  group

	
	

	
	Learn to prioritize and manage time as they balance the variety of assignments in the course. 

	
	


11010 Algebra for Calculus (3)    Algebra for Calculus Learning Outcomes

	Knowledge
	Represent functions verbally, numerically, graphically and algebraically, including linear, quadratic, polynomial, rational, root/radical/power, piecewise-defined, exponential, and logarithmic, functions.



	
	Perform operations on functions and transformations on the graphs of functions.

	
	Analyze the algebraic structure and graph of a function, including those listed above to determine intercepts, domain, range, intervals on which the function is increasing, decreasing or constant, the vertex of a quadratic function, asymptotes, whether the function is one-to-one, whether the graph has symmetry (even/odd), etc., and given the graph of a function to determine possible algebraic definition.

	
	Find inverses of functions listed above and understand the relationship of the graph of a function to that of its inverse.



	
	Solve a variety of equations and inequalities, including polynomial, rational, exponential, and logarithmic, including those arising in application problems.



	
	Identify and express the conics (quadratic equations in two variables) in standard rectangular form, graph the conics, and solve applied problems involving conics.

	
	

	Insight
	Use functions, including those listed above, to model a variety of real-world problem solving applications.



	
	Understand the difference between an algebraic equation of one, two or more variables and a function, and the relationship among the solutions of an equation in one variable, the zeros of the corresponding function, and the coordinates of the x-intercepts of the graph of that function.



	
	Represent sequences verbally, numerically, graphically and algebraically, including both the general term and recursively.

	
	

	Engagement
	Consider and explain the role of mathematics in understanding business and social problems



	
	Improve their confidence in and attitude toward math because of the sense-making emphasis in the course.



	
	Participate actively in class discussions.

	
	

	Responsibility
	Develop skills as a team player and decision making in a group setting. 

Develop confidence and competence in communicating mathematical knowledge to peers. 


Learning Outcomes for Intuitive Calculus, MATH-11012

Knowledge

The students should be able to compute the derivative and the integrals of some elementary functions.  

Comprehension

Should understand the meanings of the derivative, the indefinite and definite integrals of a function. 

Application

To find the rate of change of a function, to minimize and maximize a function, to find the area of a region bounded by certain given curves.

Analysis

Should understand some basic proofs in the topics of derivatives and integrals.

Synthesis

N/A.

Evaluation

Should be able to apply the knowledge of differentiation and integration to solve some application problems.

Class Activities

To solve problems in class.

Out of class Activities

To do the homework.

Math 11022 - Trigonometry Learning Outcomes

	Knowledge
	Express angles in both degree and radian measure.

	
	Solve right and oblique triangles in degrees and radians for both special and non-special angles.

	
	Represent trigonometric and inverse trigonometric functions verbally, numerically, graphically and algebraically; define the six trigonometric functions in terms of right triangles and the unit circle.

	
	Perform transformations of trigonometric and inverse trigonometric functions – translations, reflections and stretching and shrinking (amplitude, period and phase shift).

	
	Analyze the algebraic structure and graph of trigonometric and inverse trigonometric functions to determine intercepts, domain, range, intervals on which the function is increasing, decreasing or constant, asymptotes, whether the function is one-to-one, whether the graph has symmetry (even/odd), etc., and given the graph of a function to determine possible algebraic definitions.

	
	Solve a variety of trigonometric and inverse trigonometric equations, including those requiring the use of the fundamental trigonometric identities in degrees and radians for both special and non-special angles. Solve application problems that involve such equations.

	
	Identify and express the conics (quadratic equations in two variables) in standard rectangular form, graph the conics, and solve applied problems involving conics.

	
	Represent vectors graphically in both rectangular and polar coordinates. 

	
	Perform basic vector operations both graphically and algebraically – addition, subtraction and scalar multiplication.

	
	

	Insight
	Use trigonometric functions to model a variety of real-world problem solving applications.

	
	Understand the difference between a trigonometric function and an inverse trigonometric function. Understand the relationship among the solutions of a trigonometric equation in one variable, the zeros of the corresponding function, and the coordinates of the x-intercepts of the graph of that function.

	
	Verify trigonometric identities by algebraically manipulating trigonometric expressions using fundamental trigonometric identities.

	
	Solve application problems that involve right and oblique triangles.

	
	Understand the conceptual and notational difference between a vector and a point in the plane.

	
	Solve application problems using vectors.

	
	

	Engagement
	Consider and explain the role of trigonometry in understanding science and social problems

	
	Improve their confidence in and attitude toward trigonometry because of the course.

	
	Participate actively in class discussions.

	
	

	Responsibility
	Develop confidence and competence in communicating mathematical knowledge to peers. 

	
	Develop conceptual understanding and fluency with trigonometric functions, techniques, and manipulations necessary for success in Calculus.


Learning Outcomes for Math 12001

Learning Outcomes for MATH-12001

Knowledge

The students should demonstrate a rigorous understanding of elementary functions, including polynomial, exponential, logarithmic, and periodic types. Solve problems in algebra and trigonometry and be able to apply mathematical techniques associated with multi-step problems.

Comprehension

Should be able to understand  the notions of trigonometry related to four trigonometric functions, and their inverses, as well as as the notions from algebra for calculus.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to solve trigonometric inequalities,  simplify trigonometric  expressions, analyze the data of “mixed” (trigonometric and algebraic) origin.

Synthesis

Should  be ready for taking Calculus courses. 

Evaluation

Should complete homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

12002 Analytic Geometry and Calculus I (5)   MATH 12002 
Learning Outcomes for Analytic Geometry & Calculus I, MATH-12002

Knowledge

The students should be able to understand the concepts of limits, continuity,

derivatives, rates of change, linear approximation and differentials,

definite and indefinite integrals, inverse functions. They should to

formulate the Mean Value Theorem

and the Fundamental Theorem of Calculus.

Comprehension

Should be able to compute the derivatives and integrals using basic

differentiation

and integration formulas.

Application

The main and most important application is  to solve many different

problems related to the subject.

Analysis

Should be able to relate the derivatives and shapes of graphs.

 Should use this information for the curve sketching.

Synthesis

Should  get use to combine their skills from elementary mathematical

courses to solve the problems in Calculus.

Evaluation

Should be able to find the derivative and indefinite integral

of a constant, power function, trigonometric functions like

sine and cosine, logarithmic and

exponential functions. Should be able to evaluate areas between curves.

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To submit every week home assignments.

12003 Analytic Geometry and Calculus II (5)      MATH 12003 

Learning Outcomes for Analytic Geometry & Calculus II, MATH-12003

Knowledge

The students should be able to develop their deeper understanding of  the concepts they learned in Calc I: limits, continuity,

derivatives, rates of change, linear approximation and differentials,

definite and indefinite integrals, inverse functions.  They should also 

study the techniques and applications of integration; trigonometric, logarithmic and exponential functions; polar coordinates; vectors; parametric equations; sequences and series.

Comprehension

 Should be able to decide whether the given series is divergent or convergent. Should understand the notions of tangent vectors, equations of lines and planes.

Application

The main and most important application is to solve many different

problems related to the subject.

Analysis

Should be able to use the analytic techniques to attack geometric problems.

Synthesis

Should  get used to combine their skills from elementary mathematical

courses to solve the more advanced problems in Calculus.

Evaluation

Should be able to decompose the function into power series.

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To submit every week home assignments.

12011 Calculus with Precalculus I (3)

Learning Outcomes for Calculus with Precalculus I, MATH-12011

Knowledge

The students should  review algebra and trigonometry: equations of lines, functions and graphs, exponents, squaring and cubing of binomials. Then should understand the notions related to exponents, factoring, functions, graphs, tangent lines, limits, continuity, derivatives and related rates.

 Comprehension

Should understand the notions of implicit differentiation, higher

order derivatives, applications to rates of change in science and business.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Maximum and minimum values, critical numbers, Extreme Value Theorem, Mean Value

Theorem.

Synthesis

Should  continue developing abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

12012 Calculus with Precalculus II (3)

Learning Outcomes for Calculus with Precalculus II, MATH-12012

Knowledge

Development of integral calculus and continued study of differential calculus. Includes curve sketching optimization fundamental theorem of calculus areas between curves, exponential and logarithmic functions.

Comprehension

Should understand the notions of areas and distances, Riemann sums, the definite integral, anti-derivatives, Fundamental Theorem of Calculus, indefinite integrals, integration by substitution.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to analyze the net change, areas between curves, average value of a function. [

Synthesis

Should  continue developing abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

12021 Calculus for Life Sciences (4)

Learning Outcomes for Calculus for Life Sciences, MATH-12021

Knowledge

Should understand the differential and integral calculus using examples and problems in life sciences.

Comprehension

Should understand the notions of Limits, Derivatives, and Continuous Time Phenomena, as well as First Order Differential Equations and the Integral,  and The Solution of Autonomous (Separable) Equations.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to use analytic skills to Diffusion across a membrane problems and a model for neuron firing: Fitzhugh-Nagumo Equations.

Synthesis

Should  be able to apply the abstract thinking to the real life problems.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

12022 Probability and Statistics for Life Sciences (3)      MATH 12022 
Learning Outcomes for Statistics for the Life Sciences,

Knowledge

Students will learn elementary applied statistical methods with emphasis on solving problems dealing with the biomedical field.  Principal topics include estimation and hypothesis testing for population means, differences between two means, proportions, and variances.  Linear regression and correlation will be studied, and estimation/tests of hypotheses concerning regression parameters will be covered.  Hypotheses dealing with several population means will be considered, and single-factor analysis of variance (ANOVA) will be covered.  The learning objective is the acquisition of problem-solving skills rather than theory.

Comprehension

Students will be required to understand basic concepts from elementary probability theory and inferential statistics only to the extent that is required to solve practical problems in biostatistics.      

Application

Students will demonstrate understanding of the basic theory by testing hypotheses and calculating confidence intervals for a variety of population parameters.  They will solve real-world problems both by hand and using statistical analysis software.  They will learn the basic paradigm of scientific inquiry as it applies to biological and medical research by actually framing and solving real-world problems in these fields.

Analysis

Analytical skills in this course focus on the planning for the collection of and analyzing of  biomedical data.  Emphasis is placed on identifying assumptions that validate the analytical tools, and being award of possible risks associated with these assumptions.

Synthesis

Students taking this course will have had at least one prior course in calculus.  Methods of calculus will be used in the study of discrete and continuous random variables and in determining least-squares estimates of regression parameters.  Additionally, students will be exposed to methods of scientific inquiry that integrate statistics with biology and medical science.

Evaluation

Students are evaluated based on their performance on 3 or 4 in-class examinations and a comprehensive final examination.  At the discretion of the instructor, students may also be evaluated based on out-of-class projects involving computer analysis of data.  

Class Activities

Due to large class sizes, in-class work will be primarily lecture and question/answer sessions.  

Out of class Activities

Out of class activities focus on homework (numerical problem-solving) and computer-based data analysis projects.  These activities are aimed at helping students to become familiar with statistical analysis software as well as helping them gain skill at solving routine problems by hand.

14001 Basic Mathematical Concepts I (4)

Learning Outcomes for Basic Math Concepts I (MATH 14001)

Knowledge

Students should be able to define the number systems contained within the set of real numbers . They will also be able to define the various symbols used in logic and with different number bases.

Comprehension

Students should be able to understand the concepts necessary to add, subtract, multiply and divide within the sets of numbers.  They will also be able to understand the properties within the sets of numbers to appreciate the sophistication and development of the real numbers.

Application

Students will apply their understanding of the four basic operations to solve problems. They will also use truth tables to determine whether logical arguments are valid or invalid. They will apply their understanding of the number properties to solve problems efficiently.

Analysis

Students will use Venn diagrams to determine the validity of DeMorgan's laws. They will appraise their current understanding of the subsets of the real number system and identify prior misconceptions.  They will listen to each other’s explanations and try to make sense of them.

Synthesis

Students will integrate skills that were developed in Basic Algebra courses to solve word problems. They will also use these problem solving skills to develop appropriate strategies for finding solutions to more involved problems.

Evaluation

Students will find algebraic solutions to problems and evaluate various solution methods to find an efficient approach. Students will also use truth tables to determine when statements are logically equivalent.

Class Activities

Students will work in cooperative groups to discuss the validity of statements and other topics so that a concensus of class understanding can be determined. They will discuss topics beginning with concrete objects then move to a pictorial and then an abstract discussion of topics. At each level they will endeavor to make sense of the concept.

Out of Class Activities

Students will have homework assignments that allow them to show their understanding of the concepts discussed in class and in the book. These assignments will be collected periodically and the instructor will randomly check problems  to determine if sufficient understanding is  demonstrated.

14002 Basic Mathematical Concepts II (4)

Learning Outcomes for Basic Math Concepts II (MATH 14002)

Knowledge

Students should be able to define geometric terms such as polygon, polyhedron, perimeter, area, surface area, and volume. Students will also define terms used in statistics such as mean, median, mode, variance, and standard deviation. They will tabulate probability of simple experiments.

Comprehension

Students should be able to understand the concepts necessary to find perimeter and area of polygons, as wells as surface area and volume for polyhedral. Students will also understand the three types of “average” in statistics (mean, median, and mode). They will explain characteristics of quadrilaterals using algebraic terms such as slope and distance.

Application

Students will apply their understanding of perimeter and area of polygons to find appropriate perimeters and areas for polygons. They will apply their understanding of surface area and volume to find appropriate surface areas and volumes for solids. They will apply their understanding of formulas to solve problems efficiently. Given sets of data, students will find the mean, median, mode, variance, and standard deviation for the data. Students will determine the probability of simple and complex probability experiments.

Analysis

Students will use intuitive methods to determine the validity of formulas for perimeter and area of polygons as well as surface area and volume of polyhedral. They will appraise their current understanding of geometry and identify prior misconceptions. Students will discuss their methods for finding mean, median, and mode for a set of data. They will listen to each other’s explanations and try to make sense of them. 

Synthesis

Students will integrate skills that were developed in Basic Algebra courses to solve word problems. They will also use these problem solving skills to develop appropriate strategies for finding solutions to more involved problems.  Students  will use construction techniques with compass and straightedge, algebraic reasoning with slopes and distances, and geometric reasoning to synthesize characteristics of geometric shapes.

Evaluation

Students will find algebraic solutions to geometry problems and evaluate various solution methods to find an efficient approach. Students will also use box and whisker plots and other graphical displays of data to determine efficient ways of projecting useful information from a set of data.

Class Activities

Students will work in cooperative groups to discuss the validity of statements and other topics so that a consensus of class understanding can be determined. They will discuss topics beginning with concrete objects then move to a pictorial and then an abstract discussion of topics. At each level they will endeavor to make sense of the concept.

Out of Class Activities

Students will have homework assignments that allow them to show their understanding of the concepts discussed in class and in the book. These assignments will be collected periodically and the instructor will randomly check problems to determine if sufficient understanding is demonstrated.

Learning Outcomes for Field experience in mathematics Instruction, MATH-19099

Knowledge

The deeper understanding of the topics that you tutor.

Comprehension

 Should get an experience in providing explanations of mathematical concepts.

Application

The main and most important application is to  help solving and solving of  many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should (in advance) complete  homeworks that are going to be used in class.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To prepare   homework assignments.

20095 Special Topics in Mathematics (1-5)

Learning Outcomes for  special topics in mathematics, MATH-20095

Knowledge

Understanding of the topic of the class.

Comprehension

 Should understand the material of the special topic.

Application

The main and most important application is to  help solving and solving of  many different problems related to the topic.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks .

Class Activities

To solve problems  and discuss theorems.

Out of class Activities

To prepare   homework assignments.

21001 Linear Algebra with Applications (3)

Learning Outcomes for Linear Algebra with Applications, MATH-21001

Knowledge

The students should be able to define characteristic polynomial of a square matrix, and a nilpotent matrix.

Comprehension

Should be able to find the characteristic polynomial by computing a determinant, and compute the power of a square matrix.

Application

A typical application is to determine whether a square matrix of small size is nilpotent.

Analysis

Should be able to determine whether a 2x2, 3x3, 4x4, and a 5x5 matrix is nilpotent.  Should know that, based on the characteristic polynomial of the matrix, what is the highest power of the matrix to computer to conclude.

Synthesis

Should get use to combine their skills from Linear Algebra to solve a more advanced problem.

Evaluation

Should be able to find the characteristic polynomial for any specific square matrix of small size, and for some more general matrices of special type.

Class Activities

To solve problems in class.

Out of class Activities

To submit every week home assignments.  Honor students are also required to read material on minimal polynomial of matrices as well, and prove some general results.

22005 Analytic Geometry and Calculus III (3)      
Learning Outcomes for Analytic Geometry & Calculus III, MATH-22005

Knowledge

The students should be able to understand the concepts of

vectors, geometry of space, partial derivatives, multiple integrals, and

vector calculus.

 They should to formulate the Fundamental Theorem for line integrals,

 the Green's Theorem, the Stokes' Theorem and the Divergence Theorem.

Comprehension

Should be able to compute the arc length and curvature, find equations of

tangent planes

and linear approximation, multiple integrals, curl and divergence of a

vector field.

Application

The main and most important application is  to solve many different

problems related to the subject.

Analysis

Should be able to use polar, cylindrical and spherical coordinates.

 Should know how to use the Vector Calculus to model the motion in space.

Synthesis

Should  get use to combine their skills from Calculus I and Calculus II to

solve the problems in Calculus III.

Evaluation

Should be able to find the  directional derivatives and the gradient vector,

linear integrals, double and triple integrals, areas of parametric surfaces.

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To submit every week home assignments.

23022 Discrete Structures for Computer Science (3)

Learning Outcomes for Discrete Structures for Computer Science, MATH-23022

Knowledge

The students should learn discrete structures for computer scientists with a focus on: mathematical reasoning, combinatorial analysis, discrete structures, algorithmic thinking, applications and modeling.

Comprehension

Should understand the  notions of logic, sets, functions, relations, algorithms, proof techniques, counting, graphs, trees, Boolean algebra, grammars and languages.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should  combine the “discrete and analytic” thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

Learning Outcomes for Basic Probability and Statistics, MATH-30011

Knowledge

The students should learn the Analysis and representation of data. Controlled experiments and observations. Measurement errors.

Comprehension

Should understand the notions of correlation and regression, sampling,  the probability models and tests of models, and nference.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should   combine “probabilistic and analytic” thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

30055 Mathematical Theory of Interest (3)

Learning Outcomes for Mathematical theory of Interest, MATH-30055

Knowledge

The students should learn a calculus-based introduction to the mathematics of finance, limited to deterministic analysis of interest rates annuities bonds and immunization.

Comprehension

Should emphasize the mathematical theory of the subject matter.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should   combine “probabilistic and analytic” thinking to  mathematics of finance.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

31011 Discrete Mathematics (3)


Learning Outcomes for Discrete Mathematics, MATH 31011

Knowledge

The students should be able to recognize several classical forms of

syllogisms, and apply these as theorem proving techniques throughout

the course.  They should also be able identify useful arithmetic

identities that may arise in diverse situations such as counting

arguments, set theory, or problems involving probability.

Comprehension

The students should be able to comprehend valid arguments, recognize

invalid ones, and to provide counter-examples to the latter.

Application

The students should be able to formulate and apply their theorem

proving skills to such mathematical situations as those that arise

in number theory, counting, probability, set theory and other similar

situations.

Analysis

The students should be expected to handle simple arithmetic identities

and solve recurrence relations.  They should also experiment with testing

different solutions, relying on mathematical induction as a tool to

identify correct answers.

Synthesis

The students should be able to translate real world problems

into precise mathematical terms.  For example, they should

be able to formulate formal mathematical propositions involving

quantifiers out of problems stated in everyday terms, and they

should be able to isolate hypotheses from the conclusion.

Evaluation

The students should be tested regularly by quizzes and in-class

tests, in order to assess their progress throughout the course.

Class Activities

The students are expected to participate in class by actively

constructing examples and engaging with the instructor during

any process of inquiry.

Out of class Activities

The students should be challenged with homework assignments,

at least two per week, to test their problem solving skills.

31045 Formal Logic (3)

Learning Outcomes for formal logic, MATH-31045

Knowledge

To Understand  the first order predicate calculus with identity and function symbols.

Comprehension

 Should understand the  language of the function symbols.

Application

The main and most important application is to  help solving and solving of  many different problems related to the topic.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks .

Class Activities

To solve problems  and discuss theorems.

Out of class Activities

To prepare   homework assignments.

32044 Introduction to Ordinary Differential Equations (3)
Learning Outcomes

MATH 32044 Introduction to Ordinary Differential Equations

prepared by Chuck Gartland

March 31, 2012

KNOWLEDGE

Classification of ordinary differential equations (ODEs): order, linear vs nonlinear, homogeneous vs non-homogeneous.

Wronskian test for linear independence of solutions of linear ODEs.

COMPREHENSION

Ability to classify 1st-order ODEs by type: exact, separable, linear.

Understand the structure of the general solution of a linear ODE: integration constants, particular integrals/solutions.

Understand the various dynamical behaviors of a forced spring-mass-damper system: simple harmonic motion, damped oscillations, beating, resonance.

APPLICATION

Solve 1st-order ODEs by several methods: direct integration, exact, integrating factors, separable, linear.

Solve 2nd-order, linear, constant-coefficient, homogenous ODEs using characteristic polynomials and roots, reduction of order.

Find particular integrals of 2nd-order linear constant-coefficient non-homogeneous ODEs by two methods: undetermined coefficients, variation of parameters.

Solve 2-by-2 linear, constant-coeffiecent, homogeneous ODE coupled systems using matrix eigenvalues and eigenvectors.

ANALYSIS

Analyze the qualitative behavior of solutions of 1st-order ODEs using direction fields and isoclines.

Analyze the nature of singular points using the method of Frobenius expansions.

SYNTHESIS

Develop/formulate mathematical models of simple evolution processes in terms of 1st-order ODEs: population growth, radioactive decay, mixing, Newton’s Law of Cooling.

Develop/formulate a mathematical model of a forced spring-mass-damper system as a 2nd-order linear constant-coefficient non-homogeneous ODE.

EVALUATION

Interpret the solutions of the spring-mass-damper system model in different parameter regimes (e.g., over-damped vs under-damped).

CLASS ACTIVITIES

Lectures: development, exposition, examples, and illustrations.

Hourly exams.

OUT OF CLASS ACTIVITIES

Written homework.

32051 Mathematical Methods in the Physical Sciences I (4)

Learning Outcomes

MATH 32051 Mathematical Methods for the Physical Sciences I

KNOWLEDGE

Complex exponential function and Euler’s formula.

Hyperbolic trigonometric functions.

Linear dependence and independence of vectors.

Orthogonal matrices.

Partial derivatives, total differentials, and multivariable Taylor expansions.

Definition of double and triple integrals.

Jacobian matrices and determinants.

COMPREHENSION

Connection between linear transformations and matrices.

Stucture of solution sets of linear algebraic systems of equations.

Understanding the connection between multiple integrals and physical properties, such as center of mass and moment of inertia.

APPLICATION

Perform basic algebra and manipulations with complex numbers and functions.

Basic manipulations with matrices, vectors, and determinants.

Solve linear systems by elimination with augmented matrices.

Evaluate iterated integrals in Cartesian, polar, cylindrical, and spherical coordinates.

ANALYSIS

Manipulations with Euler’s formula, such as deriving formulas for complex trigonometric functions.

Perform change of order of integration in multiple integrals.

Perform general change of variables in multiple integrals.

SYNTHESIS

Formulate appropriate chain rules for various composite functions.

EVALUATION

Be able to identify matrices associated with rotations, reflections, or both combined.

Be able to judge when to use complex-variable techniques to simplify calculations (e.g., trigonometric series).

CLASS ACTIVITIES

Lectures: development, exposition, examples, and illustrations.

Hourly exams on each Chapter.

OUT OF CLASS ACTIVITIES

Weekly written homework collection.

.

32052 Mathematical Methods in the Physical Sciences II (4)

Learning Outcomes for Mathematical Methods in the Physical Sciences II, MATH-32052

Knowledge

The students should develop the additional mathematics background for upper-division courses in the physical sciences.

Comprehension

Should understand the notions of vector analysis, Fourier series and transforms ordinary differential equations and partial differential equations.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to  apply Fourier analysis to solve ordinary and partial differential equations.

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

34001 Fundamental Concepts of Algebra (3)

Learning Outcomes for FUND CONCEPTS OF ALGEBRA MATH-34001

Knowledge

The students should be able to solve algebra problems related to divisibility,

equations, polynomials, complex numbers.

Comprehension

Should be able to solve quadratic equations and polynomial equations of larger degrees, apply induction, find greatest common divisors of polynomials,  use congruences for divisibility criteria.

 Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to solve algebra problems on numbers and polynomials.

Synthesis

Should develop abstract thinking necessary for understanding algebraic concepts.

Evaluation

Should complete 10 homework, pass 2 midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit 10 homework assignments.

 34002 Fundamental Concepts of Geometry (3)

Learning Outcomes for FUND CONCEPTS OF GEOMETRY MATH-34002

Knowledge

 To understand the origin and development of the geometry of Euclid with modern refinements, topics, approaches. To get acquainted with other geometries.

Comprehension

Should be able to solve quadratic equations and polynomial equations of larger degrees, apply induction, find greatest common divisors of polynomials,  use congruences for divisibility criteria.

 Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should develop  geometry skills  to  give simple and more conceptual  solutions to the problems from school geometry.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40011 Introduction to Probability Theory and Applications (3)

Learning Outcomes for  Introduction to probability theory and applications, MATH-40011

Knowledge

Permutations and combinations, discrete and continuous distributions, and random variables.

Comprehension

Conditional probabilities, Baye's formula, mathematical expectation, law of large numbers, normal approximations, basic limit theorems.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should develop  combinatorial  and analytic skills  to  solve problems in probability.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40012 Introduction to Statistical Concepts (3)

Learning Outcomes for  Introduction to statistical concepts, MATH-40012

Knowledge

Should learn the sample spaces, continuous distributions, sampling distributions, point and interval estimation.

Comprehension

To understand the hypothesis testing, types of error, level and power of tests, sequential and nonparametric methods.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should develop  combinatorial  and analytic skills  to  solve problems in statistics.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40022 Linear Models and Statistical Analysis (3)

Learning Outcomes for Linear Models and Statistical Analysis, MATH-40022

Knowledge

Should learn the Regression model, multivariate normal distribution, point and interval estimates.

Comprehension

To  learn Gauss-Markov Theorem, correlation and regression, tests of hypotheses, applications.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should develop  combinatorial  and analytic skills  to  solve problems in statistical analysis and probability.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40031 Basic Nonparametric Statistics (3)

Learning Outcomes for Basic Nonparametric Statistics, MATH-40031

Knowledge

Should learn Rank tests for different kinds of hypothesis, large sample theory.

Comprehension

To  learn tests of Kolmogorov-Smirnov type.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

Should develop  combinatorial  and analytic skills  to  solve problems in statistics.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40041 Statistical Methods for Experiments (3)

Learning Outcomes for Statistical Methods for Experiments, MATH-40041

Knowledge

Should learn Comparison of two groups, t- and F-statistics; ANOVA, one-way and multiway layouts, randomization blocking.

Comprehension

To  learn Linear regression, correlation and analysis of covariance (ANCOVA). Repeated measures analysis of variance

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

To develop  numerical   and analytic skills  to  solve problems in statistics.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40042 Sampling Theory (3)

Learning Outcomes for Sampling Theory, MATH-40042

Knowledge

Should learn the methodology for the design and analysis of sampling and surveying studies.

Comprehension

To learn simple random, stratified, cluster, PPS and two- stage sampling techniques. Linear, ratio and regression estimators.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

To develop  numerical   and analytic skills  to  solve problems in sampling theory.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40051 Topics in Probability Theory and Stochastic Processes (3)

Learning Outcomes for Topics in probability and stochastic processes, MATH-40051

Knowledge

Should learn about conditional expectations, Markov chains, Markov processes.

Comprehension

To learn Brownian motion and Martingales and their applications to stochastic calculus.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

To develop analytic skills  to  solve problems in probability.

Evaluation

Should complete  homeworks, pass midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

40055 Actuarial Mathematics I (4)

Learning Outcomes for Actuarial Mathematics, MATH-40055

Knowledge

Should learn topics from survival models, stochastic analysis of annuities and life insurance and casualty models.

Application

 Students will solve the problems from the subject.

Analysis

Students will apply methods of probability theory and differential equations to stochastic analysis of annuities and life insurance and casualty models.

Synthesis

The heavy dependence of the of life contingency theory on probability theory and ordinary differential equations provides the students with opportunities to integrate these tools into the formulation of practical models that arise naturally in the study of risk.  Key methods of ODE and probability will be reviewed as necessary and appropriate.

Evaluation

Students are evaluated based on homework assignments and midterm and final examinations.  Both homework and examinations will include the numeric solution of applied problems as well as the derivation of theoretical results.

Class Activities

Students are required to present both theoretical derivations of important theorems and numerical solutions of practical problems in class.  Their presentations are critiqued both for mathematical correctness and for clarity of presentation.

Out of class Activities

Out of class activities include the solution of numerical applied problems and proof of theoretical results.  

40056 Actuarial Mathematics II (4)

Learning Outcomes for Actuarial Math II, MATH 40056

Knowledge

Students will develop background in benefit premiums, and benefit reserves for a variety of life insurance products.  They will also learn the basic concepts of multiple decrement theory and multiple life functions, and will be introduced to certain non-homogeneous Markov processes that arise in the insurance context.

Comprehension

Students will be able to calculate premiums and reserves for a variety of insurance products, and will be able to derive standard formulas for these quantities.  Students will acquire a level of knowledge that enables them to prove basic theorems regarding reserves and premiums for individuals and for typical entities associated with joint life and last survivor statuses.  

Application

Students will demonstrate knowledge of the underlying theory by calculating reserves and premiums for both continuous-time and curtate future life models.

Analysis

Students will apply methods of probability theory and differential equations to model premiums and reserves for individual lives and more complex entities.  They will also learn conventional methods of incorporating costs and profit into premium calculations.

Synthesis

The heavy dependence of the of life contingency theory on probability theory and ordinary differential equations provides the students with opportunities to integrate these tools into the formulation of practical models that arise naturally in the study of risk.  Key methods of ODE and probability will be reviewed as necessary and appropriate.

Evaluation

Students are evaluated based on homework assignments and midterm and final examinations.  Both homework and examinations will include the numeric solution of applied problems as well as the derivation of theoretical results.

Class Activities

Students are required to present both theoretical derivations of important theorems and numerical solutions of practical problems in class.  Their presentations are critiqued both for mathematical correctness and for clarity of presentation.

Out of class Activities

Out of class activities include the solution of numerical applied problems and proof of theoretical results.  

40091 Seminar in Actuarial Mathematics (2)

Learning Outcomes for Actuarial Math Seminar, MATH 40091

Knowledge

The actuarial math seminar centers on the development and application of basic principles of financial engineering.  Students will learn the principles of various option pricing methods, including the binomial and Black-Scholes models.  They will learn the underlying mathematics that supports these models.  This includes an elementary comprehension of Brownian motion, Ito processes (semimartingales) and stochastic calculus.

Comprehension

The students will learn both the underlying theory of Black-Scholes option pricing and be able to apply stochastic models to actually calculate arbitrage-free prices of a variety of call and put options.    

Application

Students will demonstrate understanding of the basic theory by calculating prices of options based on stocks, currency exchange rates, futures, and interest rates.  They will study sensitivity of option prices to the various parameters involved in such calculations, including dividend rate, interest rate, underlying asset price, and volatility.

Analysis

Students will gain analytical skills by deriving basic models for option prices.  These include both discrete-time (binomial) and continuous-time (semi-martingale) models.  

Synthesis

Students will learn how pure mathematics (discrete and continuous-time stochastic processes, stochastic differential equations, deterministic partial differential equations, etc.) arise naturally in the study of option pricing.  Through the study of Ito calculus and the Feinman-Kac Theorem, they will gain an appreciation of the power of abstract mathematics to model real-world phenomena.

Evaluation

Students are evaluated based on homework assignments and midterm and final examinations.  Both homework and examinations will include the numeric solution of applied problems as well as the derivation of theoretical results.

Class Activities

Students are required to present both theoretical derivations of important theorems and numerical solutions of practical problems in class.  Their presentations are critiqued both for mathematical correctness and for clarity of presentation.

Out of class Activities

Out of class activities include the solution of numerical applied problems and proof of theoretical results.  


40093 Variable Title Workshop in Mathematics (1-6)

Learning Outcomes for Variable Title Workshop in Mathematics, MATH-40093

Knowledge

The students should  learn the material of the workshop.

Comprehension

 To  understand the material deeper through the students presentation projects.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should make a presentation on a certain subject.

Class Activities

To solve problems  and discuss theorems.

Out of class Activities

To prepare the presentation.

41001 Introduction to Modern Algebra I (3)

Learning Outcomes for Modern Algebra I, MATH-41001

Knowledge

The students should  learn the Basic properties of groups, subgroups, factor groups.

Comprehension

Should understand the Basic properties of rings, integral domains, and homomorphisms.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to understand the material on a  higher level of mathematical  education to prepare 

Themselves (if necessary) to the graduate school.

Synthesis

Should  extensively exercise the abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

41002 Introduction to Modern Algebra II (3)

Learning Outcomes for Modern Algebra II, MATH-41002

Knowledge

The students should  continue learning the material of MATH 41001 through emphasizing properties of rings, their ideals, polynomial ring extensions, fields.

Comprehension

Should understand the finite degree extensions, roots of polynomials, constructability.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to understand the material on a  higher level of mathematical  education to prepare 

themselves (if necessary) to the graduate school.

Synthesis

Should  extensively exercise the abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

41012 Finite Mathematics (3)

Learning Outcomes for Finite Mathematics, MATH-41012

Knowledge

The students should  continue learning the material of Discrete Mathematics  through emphasizing of 

Combinatorial techniques.

Comprehension

Should understand graph applications in algorithms, finite algebra, number theory and probability.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to understand the material on a  higher level of mathematical  education .

Synthesis

Should  extensively exercise the combinatorial and abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

41021 Theory of Matrices (3)
Learning Outcomes for Theory of Matrices, MATH-41021

Knowledge

The students should be able to know the similarity transformation theories on the matrices, and in particular the Jordan canonical forms.  

Comprehension

Should be able to understand the simplest form that a matrix can be similar to, and be able to determine the Jordan canonical form of a given matrix.

Application

Some applications on solving linear first order ordinary differential equations.

Analysis

Be able to prove or understand the proofs of some classical theories of matrices.

Synthesis

Should have a better and more comprehensive understanding of what studied in Linear Algebra.

Evaluation

Should be able to use theories to find important information of a given matrix.

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To do homework.

Learning Outcomes for Metalogic, MATH-41045

Knowledge

The students should consider various metatheorems, including soundness and completeness of propositional and predicate calculus.

Comprehension

Should be able to understand the undecidability of predicate calculus and incompleteness of the theory of arithmetic

Application

N/A.

Analysis

N/A

Synthesis

N/A

Evaluation

N/A

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To do homework.

42001 Introduction to Analysis I (3)
Learning Outcomes for INTRODUCTION TO ANALYSIS I, MATH 42001

Knowledge

Student should understand the concept of real numbers, limit, convergence, and completeness of the real numbers, Cauchy sequences, continuity, differentiation and Riemann integration of functions on the real line.

Comprehension

Students should understand the definitions, statements and proofs of main facts about sequences and their limits as well as real valued functions their continuity, differentiation and integration.

Application

The general theory covered in this course is useful and provide the base for study of all further advanced MATH classes. It is also required in economics, engineering, finance, natural and social sciences. 

Analysis

Students should understand the connections between sequences of real numbers, limits, derivatives, and integrals. Should be able solve theoretical problems related to the above notions.

Synthesis

Students should be able to use their knowledge of the above topics to provide proves of basic classical facts in analysis be able to construct example or counterexamples to questions about sequences or real numbers as well as continuity/differentiability/integrability of real valued functions

Evaluation

Students should be able to determine appropriate techniques and knowledge necessary to solve mathematical or applied problems involving basic knowledge of sequences and functions of real variables.

Class Activities

Lecture/discussion of appropriate topics in Analysis; weekly home works, including theoretical problems which can be worked out individually or in groups; and exams.

Out of class Activities

Reading and studying the text; daily homework problems from the text/lecture notes; writing assignments on concepts covered in class. 

42002 Introduction to Analysis II (3)
Learning Outcomes for INTRODUCTION TO ANALYSIS II, MATH 42002

Knowledge

Students must know topics studied in Introduction to Analysis I, MATH 42001.  In addition student should understand the concepts infinite series, convergence and uniform convergence or real valued functions and series of functions, further study of Integration and Differentiation theory as well as learn basic concepts of metric spaces.

Comprehension

Students should understand the definitions, statements and proofs of main facts about infinite series, convergence an uniform convergence of sequences of real valued functions; Generalized Rieman Integration.

Application

The general theory covered in this course is useful and provide the base for study of all further advanced MATH classes. It is also required in economics, engineering, finance, natural and social sciences. 

Analysis

Students should understand the connections between sequences of real valued functions, convergence, derivatives, and integrals. Should be able solve theoretical problems related to the above notions.

Synthesis

Students should be able to use their knowledge of the above topics to provide proves of basic classical facts in analysis be able to construct example or counterexamples to questions about infinite series and sequences of real valued functions.

Evaluation

Students should be able to determine appropriate techniques and knowledge necessary to solve mathematical or applied problems involving basic knowledge of infinite series, sequences of real valued functions, generalized Riemann integration. 

Class Activities

Lecture/discussion of appropriate topics in Analysis; weekly home works, including theoretical problems which can be worked out individually or in groups; and exams.

Out of class Activities

Reading and studying the text; daily homework problems from the text/lecture notes; writing assignments on concepts covered in class. 

42011 Mathematical Optimization (3)

Learning Outcomes for Mathematical Optimization, MATH-42011

Knowledge

The students should  learn  both analytic and numerical techniques for location of extreme points of functions and calculus of variations.

Comprehension

Should understand  and solve both constrained and unconstrained problems

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

42021 Graph Theory and Combinatorics (3)

Learning Outcomes for Graph Theory and Combinatorics, MATH-42021

Knowledge

The students should  learn fundamentals and applications of combinatorial mathematics.

Comprehension

Should understand  the topics include traversability, colorability, networks, inclusion and exclusion, matching and designs.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

42024 Numbers and Games (3)


Learning Outcomes for Numbers and Games, MATH-42024

Knowledge

The students should   learn partisan and impartial combinatorial games; games as numbers.

Comprehension

Should understand Grundy-Sprague theory.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

42031 Mathematical Models and Dynamical Systems (3)
Learning Outcomes for MATHEMATICAL MODELS AND DYNAMICAL SYSTEMS, 4/52031

Knowledge

Students will learn to formulate and analyze mathematical models for a variety of phenomena, including optimization, dynamical systems and probability.

Comprehension

Students will gain understanding of key aspect of linear/nonlinear programming, models and solutions population growth, and probability model involving exponential distributions, uniform distributions, and Gaussian distributions.

Application

The students should be able to apply the knowledge from this class to formulate and analyze math models from real life.

Analysis

Students will develop the ability to solve related problem and analyze the solution.

Synthesis

Students should get used to combine their skills from Calculus, Linear Algebra, intro to Differential Equations, Probability to this class.

Evaluation

Students are given in-class exams to test for the understanding of materials. Students will participate course evaluation at the end of semester to critically assessing the effectiveness of the course in meeting their needs, expectations.

Class Activities

To solve problems in class.  Learn to utilize computer software MATHEMATICA to obtain and understand the solutions. 

Out of class Activities

To submit every week home assignments. To prepare for mid-terms and comprehensive final exam.

42041 Advanced Calculus (3)

Learning Outcomes for Numbers and Games, MATH-42024

Knowledge

The students should   learn the calculus and applications of scalar and vector functions of several variables, including the vector differential and integral calculus.

Comprehension

Should understand  the calculus and its applications to field theories, electricity, magnetism, and the fluid flow.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

42045 Introduction to Partial Differential Equations (3)

Learning Outcomes for Intro to Partial Differential Equations, MATH-4/42045

Knowledge

Students will learn how to solve linear partial differential equations  via methods of eigenfunction expansions, Fourier transform. The course includes a brief introduction to Fourier series and Sturm Liouville eigenvalue theorem.

Comprehension

Students will gain understanding of the differences among heat equation, Laplace equation, wave equation,  including superposition principle,  Fourier series, orthogonally relations,  and integral transforms.

Application

Students will be able to apply the knowledge from this class to model and understand phenomena in physics/biology/chemistry. 

Analysis

Students will develop the ability to look critically at math models,  try to solve them if possible,  and analyze the solutions. 

Synthesis

The students should get used to combine their skills from Calculus, Linear Algebra, Ordinary Differential Equations to solve the problems in PDE class.

Evaluation

The students are given in-class exams to test for the understanding of materials. Students will participate course evaluation at the end of semester to critically assessing the effectiveness of the course in meeting their needs, expectations.

Class Activities

To derive, solve, and analyze PDEs in class. To participate in in-class discussions on related topics.

Out of class Activities

To submit every week home assignments. To prepare for mid-terms and comprehensive final exam.

42048 Introduction to Complex Variables (3)
Learning Outcomes

MATH 4/52048 Introduction to Complex Variables

KNOWLEDGE

Complex number system and polar form.

Analytic functions and the Cauchy-Riemann equations.

Harmonic functions and conjugates.

Elementary complex functions: exponential, logarithm, powers, roots, trigonometric, hyperbolic.

Complex contour integral.

Simply connected domains.

Big-3 results of complex integration theory: Cauchy Integral Theorem, Cauchy Integral Formula, Cauchy Residue Theorem.

Complex power series and Laurent series.

COMPREHENSION

Connection between complex functions and mappings.

Connection between complex contour integrals and line integrals of advanced calculus.

Understand the connections among independence of path, vanishing loop integrals, exact differentials, Green’s theorem, and potential fields.

APPLICATION

Basic algebra of complex numbers and variables and functions.

Logarithmic potential of electrostatics.

Orthogonal trajectories.

Complex partial fraction expansion of rational functions.

Evaluation of complex contour integrals by parametrization.

Evaluation of complex contour integrals by residues.

ANALYSIS

Be able to show that the real and imaginary parts of an analytic function are harmonic.

Be able to show that the level curves of the real and imaginary parts of an analytic function are orthogonal trajectories.

Use the Cauchy-Riemann equations to prove that the real and imaginary parts of the contour integral of an analytic function are independent of path.

SYNTHESIS

Know how to use deformation of contour to transform complex contour integrals into simpler forms.

EVALUATION

Be able to explain why there is no Mean Value Theorem for complex functions.

CLASS ACTIVITIES

Lectures: development, exposition, examples, and illustrations.

Mid-term and final exams.

OUT OF CLASS ACTIVITIES

Written homework.

42091 Seminar: Modeling Projects (3)
Learning Outcomes for SEMINAR: MODELING PROJECTS, 4/52091

Knowledge

Students will learn to write math-oriented reports, make professional slides and give oral presentations of an Individual and small-group projects concerned with the formulation and analysis of mathematical models in a variety of areas.

Comprehension

Students will gain understanding of key aspect of formulation and analysis of math models, including writing professional reports and giving successful public presentations. 

Application

The students should be able to apply what they learn to their future professional presentations of research projects.

Analysis

Students will develop the ability to write report and give clear presentations to variety of audience.

Synthesis

Students should get used to combine their skills from Calculus, Linear Algebra, intro to Differential Equations, Probability to this class.

Evaluation

Students are required to submit written reports and oral presentations of their assigned projects. Students will participate course evaluation at the end of semester.

Class Activities

To solve problems, give tutorial and discuss how to write reports, make slides, give public presentations in class.  

Out of class Activities

To submit weekly homework assignments, conduct the math projects, write reports, and prepare for final oral presentations.

42201 Numerical Computing I (3)


Learning Outcomes for Introduction to Numerical Computing, MATH-42201/52201

Knowledge

The students will know numerical methods for the solution of linear systems of equations, least-squares problems, ill-posed problems, polynomial interpolation, polynomial least-squares approximation, and  their properties. Students will understand the properties of these methods and the effect of finite-precision arithmetic on the computed solution.

Comprehension

Students should know the matrix factorizations used in the numerical methods, including LU and QR factorization, and the singular value decomposition, how they are computed, how they can be applied, and how they can be implemented in MATLAB.  Students should be able to implement and apply the methods discussed in MATLAB. They also should know how numbers are represented on a computer, and how this representation may affect the computed results.

Application

The methods covered in the course are applied to a variety of problems, including GPS, information retrieval. Students solve these problems by writing MATLAB code. 

Analysis

Students should know the mathematical background for the methods described as well as their  properties.

Synthesis

The course forces students to apply and expand  knowledge gained in Calc I, Calc II, and Linear Algebra.

Evaluation

Students should be able to solve problems in scientific computing by writing MATLAB code using the methods discussed in the course. Students also should know properties of these methods and how they are derived.

Class Activities

Discuss the methods, show their properties, and illustrate their performance.

Out of class Activities

Do weekly homework assignment that involves analysis, application, and implementation in MATLAB of the methods discussed. 

42202 Numerical Computing II (3)


Learning Outcomes for Introduction to Numerical Computing, MATH-42202/52202

Knowledge

The students will know the discrete Fourier transform, its fast computation and applications, numerical methods for optimization, quadrature, and computing zeros of a function, methods for eigenvalue computation, and methods for the solution of initial and boundary value problems for ordinary and partial differential equations.

Comprehension

Students should know what the fast Fourier transform is,  be able to derive methods for optimization, root-finding, quadrature, and spectral factorization, and know how to solve initial value problems for ordinary and partial differential equations by applying suitable MATLAB functions. They also should be able to derive and use methods for the solution of boundary value problems for ordinary and partial differential equations. Students should be able to implement and apply the methods discussed in MATLAB.

Application

The methods covered in the course are applied to a variety of problems, including MP3

players, web search, and problems in control theory Students solve these problems by writing MATLAB code.

Analysis

Students should know the mathematical background for the methods described as well as their  properties.

Synthesis

The course forces students to apply and expand  knowledge gained in Calc I, Calc II,  Linear Algebra, and Introduction to Numerical Computing I. 

Evaluation

Students should be able to solve problems in scientific computing by writing MATLAB code using the methods discussed in the course. Students also should know properties of these methods and how they are derived.

Class Activities

Discuss the methods, show their properties, and illustrate their performance.

Out of class Activities

Do weekly homework assignment that involves analysis, application, and implementation in MATLAB of the methods discussed. 

Learning Outcomes for Differential Geometry, MATH-45011

Knowledge

The students should be able to define  the Gaussian Curvature, to  formulate the Guass-Bonnet Theorem and to prove Theorema Egregium. 

Comprehension

Should be able to compute the normal, geodesic, Mean and Gaussian curvatures.  They also should be able to distinguish well-known surfaces of positive, negative and zero Gaussian curvature.

Application

The main and most important application is  to solve many different problems related to the subject.

Analysis

Should be able to find the main curvatures and main and asymptotic directions of the surface . Should use this information to analyze the geometry of the surface.

Synthesis

Should  get use to combine their skills from Calc I, Calc II, Calc III and Linear Algebra to solve the problems in Geometry.

Evaluation

Should be able to find the curvatures of the  regular surface given by its parametrization or by an algebraic  equation or as a graph of a  function.

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To submit every week home assignments.

45021 Euclidean Geometry (3)

Learning Outcomes for Euclidean Geometry, MATH-45021

Knowledge

The students should learn the geometry of Euclid extended to advanced topics of the triangle, quadrilaterals and circles: cross-ratio, groups, constructions, geometric generalizations; inversion.

Comprehension

Students should gain understanding of key aspect of formulation and analysis of the Euclidean Geometry.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should develop the ability to connect the geometric problems with number theory, analysis, and algebra.

Synthesis

Should continue developing abstract thinking.

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

45022 Linear Geometry (3)

Learning Outcomes for Linear Geometry, MATH-45022

Knowledge

The students will be able to define the properties of the 4 isometries of the plane: translations, reflections, rotations, and guide reflections.  Students will also be able to define the groups of symmetries of the regular polygons.  

Comprehension

The students will be able to compute isometries of planar objects and compare the results of the various isometries.  Students will also be able to explain the properties of groups as applied to isometries of the plane.

Application

The students will be able to apply the definitions and properties to selected problems.

Analysis

Students will be able to use the properties of isomeries of the planes to illustrate properties and various results about symmetric groups.

Synthesis

Students will be able to use the properties of isometries of the plane to prove classic theorems of Eucliean Geometry.

Evaluation

Students will be able to critique their own proofs and those of their peers.

Class Activities

Discussion of theorems and problems.

Out of class Activities

Weekly homework assignments.

46001 Elementary Topology (3)

Learning Outcomes for Elementary Topology, MATH-46011

Knowledge

The students  learn  the notions of the metric spaces, introduction to topological spaces, separation axioms

Comprehension

The students will be able to understand  one of the most abstract notions of mathematics, the notion of a topological space.

Application

The students will be able to apply the definitions and properties to problems in geometry and topology.

Analysis

Should learn how the most abstract notions in topology help solving concrete problems in geometry.

Synthesis

N/A

Evaluation

Students will be able to critique their own proofs.

Class Activities

Discussion of theorems and problems.

Out of class Activities

Weekly homework assignments.

47001 Mathematical Logic and Set Theory (3)

Learning Outcomes for Mathematical Logic and set Theory, MATH-47001

Knowledge

The students  learn  the  axiomatic set theory, relations development of real numbers cardinal numbers axiom of choice.

Comprehension

The students will be able to understand  one of the most abstract notions of mathematics, the  axiomatic set theory.

Application

The students will be able to give examples of proofs where the axiom of choice has been used.

Analysis

N/A

Synthesis

N/A

Evaluation

Students will be able to critique their own proofs.

Class Activities

Discussion of theorems and problems.

Out of class Activities

Weekly homework assignments.

Learning Outcomes for Theory of Numbers, MATH-47011

Knowledge

The students should be able to define divisibility, prime numbers, and congruences. The students should be able to state and prove the Division Algorithm, the Fundamental Theorem of Arithmetic, and Fermat’s little theorem.  Should recognize basic number theoretic functions.

Comprehension

The students should be able to compute the greatest common divisor using the Euclidean Algorithm.  They should be able to prove divisibility using a number of different means including induction and congruence.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

Should be able to classify problems in number theory. 

Synthesis

Should combine their skills from Algebra, Calc I, and Calc II to solve the problems in Number Theory.

Evaluation

Should be able to judge among various methods to solve given problems in number theory.

Class Activities

To solve problems and prove Theorems in class.

Out of class Activities

To submit every week home assignments.

47021 History of Mathematics (3)

Learning Outcomes for History of Mathematics, MATH-47021

Knowledge

Students should have a good general idea of the evolution of some of the major concepts of modern mathematics. 

Comprehension

Students should understand basic, fundamental arguments that were developed centuries ago and are still of central importance today. For instance, concepts from geometry (such as Euclid’s constructions) and analysis (such as limit) should be understood.

Application

One principal aim of the course is for students to be able to solve problems. For instance, this is done by asking students to differentiate functions using various notions of infinitesimals.

Evaluation

Students are evaluated on the basis of their performance on two essays (on topics of their choice), on two class examinations, and on the final examination.

Class Activities

Student participation is welcomed and, indeed, encouraged. There are two in-class examinations as well as a final exam. 

Out of class Activities

The course is writing intensive, at least informally. Students are supposed to do the following activities:

1) Submit frequently assigned homework exercises

2) Submit two essays on mathematically significant historical events or personages (e.g. Development of the Pythagorean theorem, of the derivative, etc., and Isaac Newton, Gottfried Leibniz, August-Louis Cauchy, Georg Cantor, …). This is a mandatory activity. 

49995 Selected Topics in Mathematics and its Applications (1-4)

Learning Outcomes for Selected Topics in Mathematics and its Applications, MATH-49995

Knowledge

The students should  learn the topics related to the course.

Comprehension

Should understand the  notions related to the course.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

49996 Individual Study (1-4)

Learning Outcomes for Individual Study, MATH-49996

Knowledge

The students should  learn the topics related to the course.

Comprehension

Should understand the  notions related to the course.

Application

The main and most important application is to solve many different problems related to the subject.

Analysis

N/A

Synthesis

N/A

Evaluation

Should complete  homeworks, pass  midterm tests and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To submit  homework assignments.

49998 Research (1-15)

Learning Outcomes for Research, MATH-49998

Knowledge

The students should  learn the topics related to the research and produce original results.

Comprehension

Should understand the  notions related to the research.

Application

The main and most important application is to solve  different problems related to the research.

Analysis

N/A

Synthesis

N/A

Evaluation

If necessary, should complete  homeworks and a final exam.

Class Activities

To solve problems in class and discuss theorems.

Out of class Activities

To prove the results related to the topic of the research.

