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Abstract

A preliminary Engineering Mathematics course in the Electrical Engineering Department of
Southern University is offered for engineering freshman. This course is taught in a way that
emphasizes engineering problems in the real world and how math can be used to solve these
problems. Fundamental mathematics tools such as linear algebra, matrices, Gauss method for
linear equations, MATLAB, complex numbers and their applications, time-domain linear
differential equations, and difference equations will be taught. This is one of the great strengths
of the Electrical Engineering curriculum at Southern University - emphasis on applying
fundamentals to solve real-world problems. In past years, it has been found that if freshmen
students get involved with some mathematical tools to solve engineering problems, it greatly
helps them to finish undergraduate study successfully. The main contribution in this paper is to
demonstrate some of the fundamental mathematical materials at the same time, to emphasize
some mathematical fundamentals in engineering applications for other Electrical Engineering
classes at the early stage.

Introduction

It has been observed that a student’s successful completion of his (her) engineering design
project is dependent of his (her) engineering mathematics background. The Electrical
Engineering Department at Southern University and A& M College, in Baton Rouge, Louisiana,
over the past twenty years has shown that students majoring in engineering can’t make a
successful career without a solid Engineering mathematic background. Engineering Mathematics
Course (ENGR 340, for short it is referred to as E-math) is a fundamental core course in the
College of Engineering of Southern University. In the catalog [6], it states that this course
focuses on the application of advanced mathematical techniques in the solution of practical
engineering problems, which will include: Matrix operations, Fourier series, Fourier transforms,
and Laplace transforms (3 credit hours). This course is taught in a way that shows how
engineering problems in the real word are related to mathematics, and how these engineering
problems can be solved by adopting different mathematical tools. This is one of the great
strengths of Southern University's Electrical Engineering curriculum - emphasis on fundamentals
and application to real-world problems.

There is always so much material to be covered in an E-math course, and normally, a one-

semester E-math course cannot cover all of the aforementioned material. This could require

another semester of the e-math course. This problem could be solved if a new course covering

part of the E-math materials such as linear algebra, matrices, complex functions, MATLAB were
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introduced into the curriculum. On the other hand, after three years of adopting C++ materials
for the second college-wide freshman engineering course (ENGR 130), it was found that this
material was not suitable for the freshman students. It is urgent to find appropriate materials for
the course, and to make sure that the new course materials are suitable for two reasons: first, the
materials which include linear algebra, matrices, complex functions, and MATLAB are a
transient process from reviewing high school mathematics with engineering application
emphasis; second, the freshman will learn how to use their math knowledge with systematic
procedures suitable for developing into software algorithms, which is part of E-math. Currently,
each engineering curriculum is with compact ABET credits, and the aforementioned new course
titled Preliminary Engineering Mathematics will replace the freshman engineering course 1l
(ENGR 130) materials (i.e., C++) with the new materials.

The purpose of this course is to bring the freshman engineering students’ analytical and
computational skills to a level of competency that would permit them to participate, enjoy, and
succeed in subsequent other engineering courses. The specific goals of the course are (a) to make
students more comfortable applying the mathematics they have learned in high school or college;
(b) to introduce students to many new practical tools through examples; (c) to instruct students in
the use of the powerful software MATLAB to solve engineering problems. The main concern in
this paper is to show how new materials with engineering systematic procedures are suitable for
engineering freshman.

In this paper, some of the course teaching materials will be given, and some discussion will also
be provided. This paper is organized as follows: section two gives the course overview and
information about some of the course materials, followed by section three which contains some
examples, and a discussion or commentary about the examples, and then finally some concluding
remarks are given in section four.

Preliminary Engineering Mathematics Course Overview and Materials

Currently, the course’s goal and additional information about the course are given below (ABET
standards are used):

Course Objectives:

1. To provide students with a working knowledge of (subjects will be covered as time
permits)

a. Introduction to MATLAB;

b. Linear system equations;

c. Matrices, vectors and matrix equations;

d. Inverse matrices, matrix eigenvalues and eigenvectors;

e. Complex numbers and functions;

f. Linear differential equations and linear difference equations in time-domain.

1. To enable the students to apply the tools above to basic engineering systems.
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Course Educational Strategies:
1. The basic teaching method will be the lecture with a rich assortment of
examples
2. Students will demonstrate their understanding of the course materials through
homework/(projects? Project reports? — what is PR? you should spell it out)
assignments, tests and exam.

ABET category content: Engineering Science 3 credit or 100%.

Course Requirements:
1. Full attendance is required for class hours.
2. Absolutely no make-ups on exam/tests or quizzes. If a student knows that
he(she) will not be able to take an (a) exam/test on the given test or exam date,
arrangements must be made with his(her) instructor before the date of the
exam/test to determine if he(she) needs to take it before or after the given date. If
he (she) fails to do this, he(she) will not be allowed to makeup the exam/test
under any circumstances. A properly documented legitimate excuse must be given
to schedule a makeup.
3. Cheating on any assignment, test or exam will be given a grade of zero on that
particular test, exam, or assignment.
4. Late homework assignments will not be accepted.
5. Students are not allowed to leave class while taking a test or exam.
6. Students have a week after an assignment, test or exam is given back to clear
up any grading discrepancies.

The materials covered here are part of current E-math (ENGR 340) materials. Most of this
information is a review from the mathematics covered in high school. But even with this
reviewing process, the problem solving procedures are quite different than the methods taught in
high school. Also, the course has an emphasis on the systematic procedures which are suitable to
develop MATLAB code to obtain the solutions for problems. In the next section, two examples
will be given to show the systematic procedures.

Some Examples Used in the Class

In this section, two examples are used to illustrate some fundamental differences that distinguish
E-math and the mathematics in high school. In general, systematic procedures will be discussed
for each of the examples, and then the corresponding MATLAB codes will be developed. Once
the students get familiar with the procedures, they will use both systematic procedures by hand
and MATLAB codes using a computer to solve a given problem. In the following, examples will
be given.

Example one (given in Chapter Two: Linear systems equations): For the general linear equations
(1), develop a general systematic procedure and MATLAB code to solve these linear equations:
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1)

Solutions: The Elimination of Variables technique introduced in high school can be normalized
to be the linear equations solution method. Using (Naive) Gauss's method, it will be easily to de
develop MATLAB code and it is stated as follows. For the given linear equations (1):

1. Using the first equation in equations (1) to eliminate one of the unknowns x; from
all other equations (2 through n) to form new linear equations (2) as given below:

a11r1 4+ aipr2 + - 4+ GipTs = di
+ ah,r2 + o0 4+ ay,r, = d

' . P _ i

+ apr + 0 4 oap v, = d

(@)
2. Using the second equation in (2) to eliminate one of the unknowns x, from all other
equations (3 through n) to form new linear equations (3) as given below:

1111 + ajzrs + + - 4+ aiaTn, = dq
H'E,E‘T'B + + -+ ﬂ%rn:?’n = “”2
+“‘§,3T3 + -+ ffg__n:?’n — rfg
+apars + -+ ap,rtn = dy -
3. Using the third equation in (3) to eliminate one of the unknowns xs from all other

equations (4 through n) to form new linear equations:
Continue until only one equation is remaining.
The last equation with only one variable x, left as

SRR
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a11Ty + G127 + + -+ a1 Ty = dy

(g Ty + + -+ g T = d
+agary + 0+ ay o, = dy
arlp = dn-1
nn N n (4)
According to the linear equations (1), the new equivalent linear equations (4) are easily solved by
(n-1)

taking back substitution procedure: first to get an answer for x, by x, = 2n_1) .

a‘n

This result can be back-substituted into the (n-1)-th equation to solve x... The procedure, which
is repeated to evaluate the remaining x’s, can be represented by the following formula:
(i—1) n (i—1)
di =D o By T
(i—1)
i

With this procedure, the MATLAB code is developed as

T = di=n—1,n-2,.1

il

()

1 | % This m file for solving linear equations with
2 | Y Gauss’ method.

3 | % nput:

4 | % A = coefficients of the linear equations

5 | % b = right hand side vector

6 | Yooutput:

7 | Yo x= solution vector

% | clear;

9 | A=mput{ mput coethicients A=");
10 | b=input('input vector h="J;

11 | [m,n] = size(A);

12 | if m =n, error{ Matrix A must be square’); end;
13 | nb = n+1;

14 | Aug = [A b];

15 | disp(angment matrix [A b]=")

16 | disp(Aug)

17 | Y forward elimination

18 | disp('do Gauss™ Method ™)

19 | for k = 1:n-1;

20 | for 1 = k+1:m;

21 | factor = Aug(i,k)/Ang(k k);

Proceedings of the 2009 ASEE Gulf-Southwest Annual Conference
Baylor University
Copyright © 2009, American Society for Engineering Education



22 | newpow = factor  Aug(k, k: nbj;

23 | Augl(ikmb) = Auglik:nb)-factor® Aug(k.k:nb);
24 | end;

25 | displAug);

26 | end;

27 | x = zeros(n,l):

28 | ®(n) = Aug(n,nb)/Aug(n,n);

20 | for 1 = n-1:-1:1;

30 | =x(1) = (Aug(inb)-Aug(ii+1ln)*x(i+1m))/ Aug(1,1);
31 | end;

32 | disp( solutions x=")

33 | x

34 | disp( final check A"x = B’)

35 | A%x

36 | b

With the systematic procedure and MATLAB code now complete, example two will now be
considered.

Example Two: Use the systematic procedure by hand and MATLAB code to determine the
solution for equations (6).

T1q + 3.lry 4+ 23xy + 0.7y = 5.1
—1.27 + 91z + 1323 4+ 21lry = 3.2
0850, — 013z + 95r3 — 1.8ry, = 10.1
117y 4+ 23ry 4+ 1b5ry + 10724y = —4.5 ©)

Solution: Using the systematic procedure by hand the following is found: (a) eliminate all x;
variables except for those in the first equation as below

Ty 4+ 3.1xe + 2314 + 0.7xy = 5.1
9.6314x,  — 0.9057ry 4+ 2.2200xy = 4.0743
—0.5064ry + 9.2207ry — 1.8850xy; = 9.4807
1.81297r 4+ 1.1386x3 + 10.5900xy = -—5.3014

()

(b) eliminate all x, variables except for those in the first and second equations as below
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Try + A.lxs + 2.314 + 0.7Txy = 5.1

9.6314ry — 09057zy + 2.2200xy = 4.0743
91731xy — 1768324 = 9.6949
1.3090xy + 101721y = —6.0683

(c) eliminate the x5 variable in the last equation, then

Try + Almxs + 231, + 0.Try = 5.1
9.6314x, — 09057rs + 22200z, = 4.0743
91731xs — 1.7683xy; = 9.6949

10.4245ry = —T7.4518

Then by the back substitution method, the solution is
ry = —0.7148, v3 = 0.9191, 29 = 0.6742and =1 = 0.1995.

Secondly, by running the MATLAB code, the following is obtained

mput matrix A=[7 3.1 2.3 0.7;

-1.2 9.1 -1.3 2.1;

0,85 -0.13 9.5 -1.%;

1.1 2.3 1.5 10.7]

mput vector b=[5.1;3.2;10.1;-4.5]
augment matrix [A b|=

7.0000 3.1000 2.3000 0.7000 5.1000
-1.2000 9.1000 -1.3000 21000 3.2000
0.8500 -0.1300 9.5000 -1.8000 10.1000
1.1000 2.3000 1.5000 10.7000 -4.5000
Anug =

7.0000 31000 230000 0.7000 51000
0 9.6314 -0.9057 2.2200 4.0743
0091731 -1.7653 9.6949

00 0.0000 10.4245 -T.4518

solutions x=

0.19495

0.6742

0.9191

-0.7148
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As mentioned in section one, the examples provided here show the different emphasis through
comparisons to high school mathematics. One of purposes in this course is to develop a
systematic procedure for problem solving strategies, and then try to use computers to help find
solutions for a given problem.

Conclusions

This new preliminary engineering mathematics course is suitable for freshman engineering
students. Past evidence and experiences have shown that if freshmen get interested in using
mathematical tools to solve engineering problem, it will greatly help them to successfully finish
their undergraduate studies. By introducing these topics at this early state, this course will show
freshmen engineering students the differences of E-math and high school mathematics.
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