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"I never did anything worth doing by accident, nor did any of my inventions come by accident. They came by work."









                Thomas Edison

I.
INTRODUCTION


For over sixty years, the Carnegie Plan of Professional Education 1-2 has been a vital component of the educational objectives of the Carnegie Institute of Technology of CMU.  The Carnegie Plan purports to help each student acquire:

1.
A thorough and integrated understanding of fundamental knowledge in the fields of a student's major interest and the ability to apply this knowledge to the formulation and solution of real problems.

2.
A genuine competence in the orderly way of thinking which professional engineers have always used in reaching sound,  creative conclusions;  to the end that after graduation the student can, by such thinking, reach decisions in higher professional work and as  a citizen.

3.
An ability to continue to learn with scholarly orderliness so that after graduation the student will be able to grow in wisdom and keep abreast of the changing knowledge and problems of the profession and the society in which he or she lives.



4.
The philosophical outlook, breadth of knowledge, and sense of values which will increase the student's understanding and enjoyment of life and enable him or her to recognize and deal  effectively with the human, economic, and social aspects of professional problems.


5.
The ability to communicate ideas to others.


Carnegie Institute of Technology continues to place great emphasis on problem solving based upon the Carnegie Plan of Professional Education.


Control Engineering has evolved along two complementary avenues:  transfer functions and state space.  The systematic development of control engineering began to emerge in the 1930’s.  Transfer functions and frequency domain methodologies (for single input --- single output systems) predominated these classic approaches to control engineering.  In the late 1950’s and early 1960’s, the modern control engineering time domain approach utilizing state-variable models of dynamic physical systems came into prominence.  Today, the classical transfer function-based and modern-state variable methodologies stand on equal footing in control engineering.  Linear Systems (18-771) integrates the transfer function methodologies of classical control engineering and the state-space approaches of modern control engineering with computer-aided analysis and design.

Linear Systems (18-771) is a problem solving course in classical and numerical linear algebra, and state-space modeling and engineering applications. Linear Systems (18-771) is conceived to teach linear state-space concepts and engineering mathematics through the motivational media of engineering problem solving and design and modern software (MATLAB(3 for numeric computation). 


Linear Systems (18-771) has evolved in the framework of analysis, synthesis and evaluation to revitalize professional problem solving in its proper role in the engineering  curriculum and to sustain the implementation of the  Carnegie Plan of Professional Education. Analysis, synthesis and evaluation encompasses a broad view of  engineering problem solving.


Linear Systems (18-771) emphasizes the understanding of the basic concepts and the application of these concepts to solving engineering problems and accomplishing engineering design tasks. The five stages of problem solving are:

1.
Define the Problem: Collect and analyze the pertinent facts in relation to a posed situation to identify and formulate the problem.

2.
Plan the Attack: Determine what values, principles, attitudes, and basic  practices are applicable to the problem and plan how to utilize them.



3.  Execute the Plan: Solve the problem to the point of developing useful conclusions or results.

4.  Check:  In every way possible, check that the solution obeys known physical laws and is realistic.
5.  Learn and Generalize: See what has been learned about the posed situation and what may be useful in other situations.

II.
PURPOSE OF THE COURSE


Within the framework of analysis, synthesis and evaluation, the objective of Linear Systems (18-771) is to develop and enhance the engineering students’ applications-oriented skills and understanding of state-space fundamentals through the motivational media of engineering problem solving and MATLAB® for numeric computation. Linear Systems (18-771) is intended to provide the engineering student with a classical and modern approach to the analysis and engineering applications of linear systems with emphasis on linear algebra, numerical linear algebra and state-space mathematics and computation. Linear Systems (18-771), which is preparatory for advanced study in engineering, focuses upon the systematic formulation, analysis and solution of engineering problems in which the phenomena can be modeled by systems of linear algebraic equations, or ordinary linear difference or differential equations, all of which have widespread application throughout engineering. 


The balanced integration of the software with the classical mathematics alleviates the drudgery of the traditional engineering computations to focus on developing the problem solving skills of the students.  Small problems are utilized to develop the classical and numerical solution abilities of the students to lay the foundation for checking and interpreting the solutions of larger, more interesting and meaningful, engineering problems. The course revolves around the modeling of dynamic physical systems, algorithm development and the interplay of the classical and computational solutions. Throughout the course, the students apply graphical visualization to gain insight and reconcile the mathematical and computational results with the physical situation and engineering problem. The students achieve the goal of applying the software to solve engineering problems and acquire judgment into when and when not to use the software. 

III.
COURSE OBJECTIVES


From the engineering perspective, Linear Systems (18-771) is designed to give the engineering students practice in analysis, synthesis and evaluation by stressing the professional problem solving skills:

(i)
Defining, formulating and solving problems, and checking, interpreting and generalizing the results.

(ii)
Applying the fundamental physical principles systematically and correctly to model and interpret the transient and steady-state properties of lumped parameter state-space and transfer function models of dynamic physical systems (including electrical, mechanical, electro-mechanical, fluidic and thermal systems).

(iii)
Understanding the goal of applying computer-aided engineering analysis and design software (i.e., MATLAB() to solve an engineering problem.  Judging when and when not to use the software. Applying the software to obtain an engineering solution, and interpreting the results in terms of the original problem.


Linear Systems (18-771) balances the introduction and integration of MATLAB( with the classical and modern engineering methodologies to alleviate the drudgery of engineering computations and to analyze and design engineering systems. 


Linear Systems (18-771) is an essential prerequisite for advanced study in engineering and professional engineering practice. From the engineering perspective, Linear Systems (18-771) is designed:

(1)
To develop the engineering student's understanding and repertoire of control engineering and system analysis skills and problem solving abilities;

(2) To develop the engineering student's applications-oriented competence in applying the fundamental physical principles systematically and correctly to characterize and interpret the transient and steady-state properties of state-space and transfer function models of dynamic physical systems (including electrical, mechanical, electro-mechanical, fluidic and thermal systems) in which the phenomena can be modeled by lumped parameter  systems of ordinary linear differential or difference equations;

(3) To illuminate the centrality of linear algebra and numerical linear algebra in engineering;

(4) To develop the engineering student’s applications-oriented understanding of linear and numerical linear algebra and differential and difference equations;

(5) To highlight the implementation of numerical linear algebra algorithms as mathematical software; that is, the design of algorithms and software which perform reliably and robustly in finite precision, finite range computing environments; 

(6) To integrate the concepts of problem condition, algorithm stability and software implementation;

(7) To develop the engineering student’s applications-oriented understanding of linear state-space methodology and computation in engineering;

(8) To develop the engineering student’s applications-oriented understanding of frequency domain and time-domain response characteristics of both continuous-time and discrete-time systems;

(9) To develop the engineering student’s applications-oriented understanding of feedback control system analysis and design for engineering processes; and 

(10) To develop the engineering student’s ability and competence in computer-aided analysis and design for feedback control system analysis and design by applying computer-aided control engineering analysis and design software (i.e., MATLAB(, incorporating the methodologies of classical and modern, continuous-time and discrete-time control engineering) to the analysis and design of feedback control systems.


Upon completion of Linear Systems (18-771), the engineering student should be able to: 

(1) Apply the pertinent fundamental physical laws to derive lumped-parameter models of electrical, mechanical, electro-mechanical, fluidic and thermal systems; 

(2) Obtain transfer functions and derive block diagram models of the aforementioned physical systems; 

(3) Formulate systematically and interpret physically the properties of the state-space model (the system of state-variable differential equations) that characterizes the transient behavior of the aforementioned physical systems.  These state-space (differential equation) models should be written in terms of the energy storage elements [charge (voltage) for capacitors, flux (current) for inductors, displacement for springs and momentum (velocity) for masses]: systems of first-order differential equations with one and only one derivative per equation;  

(4) Apply the fundamental physical principles systematically and correctly to characterize and interpret the transient and steady-state properties of state-space and transfer function models of dynamic physical systems (including electrical, mechanical, electro-mechanical, fluidic and thermal systems) in which the phenomena can be modeled by lumped parameter systems of ordinary linear difference or differential equations;

(5)
Apply the principle of superposition to model and interpret the physical behavior of linear dynamic physical systems;

(6)
Apply the centrality of linear algebra and numerical linear algebra in engineering;

(7)
Apply analytical and numerical methods to compute and interpret physically the voltages and currents in resistive DC linear electrical and electronic circuits; 

(8)
Apply analytical and numerical techniques to solve state-space systems of linear differential and difference equations with constant coefficients subject to initial/boundary conditions to solve engineering problems;

(9)
Utilize an applications-oriented and working knowledge of state-space engineering mathematics (including linear and numerical linear algebra and differential and difference equations) to formulate and solve realistic engineering problems; 

(10) Apply analytical and numerical methods to compute and interpret physically the transient response (i.e., the step response and pulse response) of linear dynamic physical systems;

(11) Apply analytical and numerical methods to compute and interpret physically the sinusoidal state-state AC response of linear dynamic physical systems;

(12)
Apply linear state-space methodology and computation in engineering;

(13)
Apply computer-aided engineering analysis and design software (incorporating the methodologies of modern engineering analysis and design, and robust numerical computation) to solve engineering problems;

(14)
Sketch and interpret physically the frequency response characteristics of linear dynamic physical systems; 

(15)
Apply frequency domain characteristics and time-domain response criteria for both continuous-time and discrete-time multivariable systems to solve engineering problems;

(16) Apply methodologies of classical and modern control engineering (such as linear state-variable feedback and estimators) and computer-aided control engineering analysis and design software (i.e., MATLAB(, incorporating the methodologies of classical and modern, continuous-time and discrete-time control engineering);

(17) Recognize the implications of nonlinearities for engineering analysis and design. Develop linear small-signal models of nonlinear phenomena. The majority of physical and engineering systems are, strictly speaking, nonlinear but in many applications interest focuses on small-signal behavior to which the tools of linear analysis and design may be applied; and

(18) Appreciate the range of application of state-space fundamentals, control engineering and modern software beyond engineering to include such disciplines as economics and management.

IV.
COURSE CONTENTS


Through case study design projects, Linear Systems (18-771) teaches state-space engineering mathematics through computer-aided engineering analysis and design software (i.e., MATLAB() and its application to dynamic physical systems. The state-space engineering mathematics topics covered in Linear Systems (18-771) include: A modern approach to the analysis and engineering applications of linear systems. Review of fundamental concepts of continuous-time and discrete-time linear systems, including: linearity, superposition, time-invariance, convolution, and Laplace, Fourier and z-transforms. Modeling and linearization of multi-input --- multi-output dynamic physical systems. State-space models and transfer functions. Emphasis on linear algebra, matrix algebra and numerical linear algebra. Numerical linear algebra algorithms and computational issues in solving systems of linear algebraic equations, eigenvalue-eigenvector and least-squares problems. Singular values. Conditioning and stability. Analytical and numerical solutions of systems of differential and difference equations. State-space computation.  All these topics have widespread application throughout engineering. Structural properties of linear dynamic physical systems, including: controllability, observability and stability. Canonical realizations. Poles and zeros of multivariable linear dynamic systems. Linear state-variable feedback controller and asymptotic observer design. Linear-quadratic regulator design, Kalman Filtering and the separation principle. MATLAB( mathematical software. MATLAB( design applications to electronic circuits, control engineering, dynamics and signal processing.


PREREQUISITE: The prerequisite for Linear Systems (18-771) is a course in classical control engineering, such as Fundamentals of Control (18-370), or permission of the instructor.
V.
LINEAR SYSTEMS

A linear system ( may be regarded as a linear transformation (an abstract linear operation) which coverts (transforms) an input signal u(()into an output signal y(():
(
 u(()
 (
y(()

The input – output pair u and y of a dynamic linear system is related by the celebrated convolution integral for continuous-time systems and the convolution summation for discrete-time systems. The fundamental properties of linear systems are the principles of superposition and time-invariance:

(i)
PRINCIPLE OF SUPERPOSITION

Let u1 and u2 by any pair of inputs to a linear system producing the corresponding outputs y1 and y2. Then if u3 ( (1u1  +  (2u2 (for any constants (1 and (2) is applied as the input, the resulting output is

y3  =  (1y1  +  (2y2
THE RESPONSE TO THE SUM IS THE SUM OF RESPONSES.
(ii) TIME-INVARIANCE

A time-invariant system satisfies the rule:

Let the input u1(t) yield the output y1(t). Then the input u2(t) = u1(t -T) yields the output y2(t) = y1(t -T) for any T, - (  <  T  <  +  (.


ADVANCING/RETARDING THE INPUT TO A TIME-INVARIANT SYSTEM ADVANCES/RETARDS, BUT DOES NOT OTHERWISE MODIFY, THE OUTPUT.

VI.
PLAN OF THE COURSE


The subject matter to be presented in Linear Systems (18-771) may roughly be divided into six (6) modules. These modules and the approximate time to be devoted to each are:

 (i)
Modeling of Dynamic Physical Systems  ......................1 week

 (ii)
Classical Linear Algebra ...............................................4 weeks

 (iii)
Numerical Linear Algebra .............................................2 weeks


Focusing on:


Computational Solutions of Linear Algebraic Equations

(iv)
Transient Response of Dynamic Physical Systems...…2 weeks

Including:

(A)
Classical and Computational Solutions of Linear Differential and Difference Equations; and 

(B) Engineering Interpretations of Transient Response Characteristics

(v) State-Space Modeling and Fundamental Properties of 

Linear Dynamic Physical Systems………………………5 weeks

Including:

Analytical and Computational Issues; Multivariable System Representations: State-Space Models and Transfer Functions; Lyapunov Stability; Controllability and Observability; Minimal Realizations and Canonical Realizations; Poles and Zeros of Multivariable Systems: Decoupling Zeros; Pole Assignment and Observer Design; Linear-Quadratic Regulator Design, Kalman Filtering and The Separation Principle.

(vi)
Software Applications in Engineering ...........................1 week

To place the evolution of Linear Systems (18-771) in perspective, a Tentative Course Outline and Schedule are included on page 21 of this Course Syllabus.


The plan (which is detailed in the Tentative Course Outline and Schedule on page 21) is to divide Linear Systems (18-771) into three integrated parts as follows:

Part I -   Mathematical Fundamentals: Linear Algebra and Numerical Linear Algebra -45%

Part II -  Engineering Applications: State-Space Fundamentals of Dynamic Physical   Systems - 40%

Part III - Engineering Computation  - 15%

The classical and numerical treatments of linear algebra and numerical linear algebra in Part I is intended to lay a logical and coherent foundation for the presentation in Part II of the fundamentals and engineering applications of the state-space properties and computation of dynamic physical systems through the MATLAB( engineering computation in Part III.

VII.
ENGINEERING COMPUTATION


A Folk Theorem for Engineering Computation --- Alan J. Laub [1]


"If an algorithm is amenable to "easy" hand calculation, it's probably a poor method if implemented in the finite floating-point arithmetic of a digital computer."

VIII.
ENGINEERING ANALYSIS AND DESIGN SOFTWARE


MATLAB( (MATRIX LABoratory), specifically MATLAB( 6, the interactive, high-level computing environment for high-performance numerical linear algebra and numeric computation, and graphics and visualization capabilities [2] - [17], is available in the Department of Electrical and Computer Engineering  Undergraduate Computer Laboratory (in HH 1107) for computer-aided engineering analysis and design.  MATLAB(integrates a high-level programming language and an open and extensible architecture. MATLAB(incorporates: (i) mathematical tools ; (ii) matrix and numerical linear algebra tools ; (iii) sparse matrix tools ; (iv) polynomial tools ; (v) analytical tools ; (vi) data analysis tools ; and (vii) graphics tools. More than 500 engineering, mathematical and statistical commands and functions are available in MATLAB(. Toolboxes extend MATLAB( to provide application-specific capabilities. MATLAB( and the extensible and customizable application toolboxes, including the Control System and Symbolic Math Toolboxes (highlighted in the sequel), are available in the Undergraduate Computer Laboratory (in HH 1107).  


There are public domain libraries of MATLAB( routines available from http://www.netlib.org. To obtain instructions for retrieval of material from this site, send the message send index from matlab to netlib@ornl.gov.  If you have questions about MATLAB(’s availability, please contact Software Management at x8-5118.  Finally, the international user community has established the Internet news group comp.soft-sys.matlab for MATLAB( - related on-line discussions

MATLAB( Technical Notes are available on the World Wide Web through The MathWorks home page (http://www.mathworks.com) under The MATLAB( Forum section. MATLAB( Technical Notes are written by members of The MathWorks Technical Support staff. They include useful tips and techniques on using MATLAB(  and the toolboxes.  If you have any questions or suggestions, contact The MathWorks Technical Support Department at (508)653-1415, fax (508)653-2997, or email: support@mathworks.com.


For Linear Systems (18-771) the Control System Toolbox [5] works with the MATLAB( numeric computation software to provide comprehensive functionality for control system analysis and design.  The Control System Toolbox is a collection of reliable and robust MATLAB( numerical functions for the classical transfer function and modern state-space analysis and design of (continuous-time and discrete-time) control systems.  This Toolbox includes commands for root-locus, pole-placement and LQG design; Bode, Nyquist, Nichols, and SVD frequency response plots; feedback gain selection; model realization and evaluation; estimator/observer design; and Kalman Filtering.  The Control System Toolbox is a collection of MATLAB(  m-files, enabling the user to see algorithms and implementations, and to make changes or create functions for special applications.


The Symbolic Math Toolbox [7 and 15] includes the Maple V computational kernel of the Waterloo Maple Software and integrates symbolic mathematics and variable-precision arithmetic computation capabilities with MATLAB(’s numeric capabilities.  The Symbolic Math Toolbox adds to MATLAB( symbolic mathematical functions for calculus, linear algebra and equation solving; simplifying symbolic functions and evaluating special mathematical functions.  The Symbolic Math Toolbox integrates programming access to the Maple V environment, thereby providing the capabilities for the integrated numeric and symbolic programming and computing within the MATLAB( environment.  Help for Maple( is available on the World Wide Web at the home page http://www.maplesoft.com.
IX.
TEXTBOOK

(B) J.S. Bay, Fundamentals of Linear State Space Systems. New York: McGraw – Hill, 1999.


Fundamentals of Linear State Space Systems will be covered in depth, and the students will be responsible for an applications-oriented understanding of the assigned material. To integrate computer-aided analysis and design software into engineering problem solving and design, the anticipation is to cover chronologically the chapters and sections of Fundamentals of Linear State Space Systems according  to  the Reading  Assignments on page 22.  As the King of Hearts told the White Rabbit:


"Begin at the beginning ... and go on till you come to the end; then stop."
                                




         Alice in Wonderland (Chapter 12)

                                                   





         Lewis Carroll


Fundamentals of Linear State Space Systems provides an integrated approach to linear and numerical linear algebra and ordinary differential and difference equations based upon MATLAB(. Fundamentals of Linear State Space Systems incorporates a compendium of engineering state-space mathematics and a software manual. 


Fundamentals of Linear State Space Systems develops state-space methodology from basic principles. The author applies the geometric intuition of vector spaces to build sequentially the essential topics of linear state-space engineering. The author derives state-space methods from linear algebra and vector spaces and ties all the topics together with diverse engineering applications.  Fundamentals of Linear State Space Systems begins with the mathematical preliminaries of vectors and spaces, then emphasizes the geometric properties of linear operators. From this foundation the author studies stability, controllability and observability, realizations, state feedback, observers , linear-quadratic regulator (LQR) design and Kalman filters. There is a direct and simple path from one topic to the next. The book includes continuous-time and discrete-time systems, introducing both in parallel and emphasizing each in the appropriate context.
Rather than being a mathematics textbook or a comprehensive software manual,  Fundamentals of Linear State Space Systems shows, step-by-step,  how  to  perform  in  software  and  verify  the methodologies of control engineering. Fundamentals of Linear State Space Systems utilizes MATLAB( as a virtual laboratory to illustrate mathematical problem solving and develop critical thinking skills in an interactive learning environment.  


(H)  D.J. Higham and N.J. Higham, MATLAB Guide.  Philadelphia:  SIAM,                                                2000.

The MATLAB Guide is written by enthusiastic MATLAB( users since the early 1980s who know MATLAB( inside and out.  The MATLAB Guide is purportedly the best MATLAB( guide:  a lively introduction to MATLAB( and a compact reference for the most popular and important features in MATLAB(, covering all that most users will need to know about MATLAB(.

The MATLAB Guide contains super examples.  Novices will find a lively, concise introduction to the most popular and important features of MATLAB(  and the Symbolic Math Toolbox, with a wealth of instructive examples.  Experts will appreciate the explanations of  MATLAB( features and the coverage of advanced topics such as Handle Graphics, structures and cell arrays, sparse matrices, profiling and vectorization.  The logical organization and detailed index make the MATLAB Guide an essential reference for both novices and experts alike.

The authors explain many recently added features of MATLAB(, including LAPACK-based matrix computations and the latest differential equation solvers, and reveal many hidden features of MATLAB(.  Readers will benefit from the authors’ deep knowledge of MATLAB( and their expertise in numerical computation.  The authors pass along a wealth of useful tips gained from more than twenty years of using MATLAB( for teaching and research.

The reader is referred to:  D. Viswanath, “Book Review of MATLAB Guide,” SIAM Review, Vol. 43, No. 4, December 2001, pp.  743-744.
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NOTES
(i)
Etter states that MATLAB( “is the premier software package for interactive numeric computation, data analysis and graphics.”  Shahian and Hassul [10, p. xiv] proclaim that “MATLAB( based programs have become the de facto language and tools for control systems engineers worldwide.” Lila Roberts declares that “the integration of MS-Word, MATLAB( and the Symbolic Math Toolbox is the most powerful technical computing and writing combination imaginable.”  

(ii)
Wolfram Research has released the Mathematica Symbolic Toolbox for MATLAB(, creating the link to call Mathematica( from within MATLAB(. The Mathematica Symbolic Toolbox for MATLAB( gives users full access to the Mathematica( kernel (and Mathematica( ’s symbolic and high precision numeric capabilities) from within MATLAB(. The widespread availability of the Mathematica Symbolic Toolbox for MATLAB( (and the Maple V Symbolic Math Toolbox [7] and [15]) opens broad vistas for exploring the roles of symbolic computation and symbolic/numeric tradeoffs in engineering.


The Mathematica Symbolic Toolbox for MATLAB( allows users to construct matrices in either Mathematica( or MATLAB( and pass these matrices between these software tools, and to mix freely Mathematica( code and MATLAB( code within a single environment. The Mathematica Symbolic Toolbox for MATLAB( is implemented as a single MEX-file and is based on MathLink, a communication protocol developed by Wolfram Research. 



To obtain a copy of the Mathematica Symbolic Toolbox for MATLAB(, send the email message send 0205-951 to mathsource@wri.com.  This tool (and hundreds of others) are available free of charge from MathSource, an on-line collection of Mathematica( notebooks, packages, documentation, and related material contributed by Wolfram Research and Mathematica( users around the world. For more information about MathSource, send the message "Help Intro" to mathsource@wri.com.  Help for Mathematica( is available on the World Wide Web at the home page http://www.wolfram.com.

XI.
NOTATION

The following consistent notation will be employed throughout the course. 


t


Integers (i,j,k,l,m,n)

      Independent Variable - time

Continuous

                Discrete


    Time/Stage Index


Capital Latin/Greek letters





Matrices


Lower-case Latin letters





Vectors


Lower-case Greek letters





Scalars

 s               





      Laplace transform variable

 z







z transform variable
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XII.
GRADING SYSTEM(1)

Midterm Examination(2)




35%


Final Examination(2)





35%


Homework(3)






30%


 (Including Software Projects)


          _____









          100%
NOTES
(1)
The course Activity and Assignment Calendar (including the scheduling of the tests and homework assignments) appears on page 20.  

(2) The midterm examination is scheduled for 2:30 P.M. - 4:20 P.M. on Tuesday afternoon 25 February. The midterm and the final examination are open textbook (Bay) and course notes.  

Only in cases of extenuating circumstances, to be approved by the course instructor, will a student be allowed to make-up a missed Linear Systems (18-771) midterm examination. When an apparent extenuating circumstance arises, the student must make every effort to inform the course instructor in advance of the midterm examination. What will be done to make-up such omissions will be determined on an individual basis.

The comprehensive three-hour open book final examination is scheduled for 2:30 P.M. – 5:30 P.M. on Thursday afternoon 1 May, the last class.  If for a legitimate reason – agreed to by the course instructor – a student must miss the final examination, he/she will be given an incomplete grade. To remove that incomplete grade, such a student must take the final examination the next time the course is offered: ordinarily one year later.

(3) The homework is scheduled to be due on Thursdays.  All homework must be submitted in Lecture  on  the date due (listed in the Activity and Assignment Calendar on page 20). No late homework will be accepted.  


In your homework, the quality of your analysis, synthesis and evaluation is as important as your conclusions. Your reasoning must be precise and clear; your complete English sentences should convey what you are doing.  Your final grade will reflect both the clarity of your presentation and the checking of your results.

Attach a cover sheet to your Homework and Projects with the course number 18-771, problem set number and title, date, and your name and student identification number.  Staple the sheets together.  Show your work (neatly), include your software code and output, and communicate what you are doing. Simplify mathematical expressions to the extent possible.  Check the dimensions (units) of your answer. Does your answer reduce to a simpler case where you know the answer?  Does your answer have the symmetry you expect?  Can you check the sign of your answer on physical grounds?  Do not submit excessive significant figures.  What accuracy can be expected in engineering situations? 


The Homework and Projects  should be typed or written neatly on quality paper (paper torn from spiral ringed notebooks is not acceptable). The Homework and Projects should address each of the steps delineated in the handout, answer the questions posed, and follow the five stages of professional problem solving discussed on pages 4 and 5 of this Course Syllabus. 

XIII.
CHEATING AND PLAGIARISM 


Students are referred to the University Policy About Cheating and Plagiarism.  It shall be the policy in this course to discourage cheating to the extent possible, rather than to try to trap and to punish. On the other hand, in fairness to all concerned, cheating and plagiarism will be treated severely wherever it is found. 


Because a large part of the learning experience comes from interaction with your peers, students are encouraged to discuss assignments with each other. The material submitted for grading must, however, be the product of individual effort; anything else constitutes cheating. 

XIV.
CLASS SCHEDULE

Section A

(Neuman)

Lecture:
T (15)


2:30 P.M. - 4:20 P.M. 


PH A 22



TH (14)

2:30 P.M. - 4:20 P.M.


PH A 22

XV.
TEACHING ASSISTANT



          OFFICE HOURS

Zhi Han






W:  3:30 P.M. – 5:00 P.M.

zhih@ece.cmu.edu 





Or by appointment









PH B 8









268-7102
XVI.
OFFICE HOURS 

Professor C. P. Neuman (HH A203:  X 8-2460):  Tuesday and Thursday, or by appointment.

CARNEGIE MELLON UNIVERSITY

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

18-771

      
  
LINEAR SYSTEMS
    

         SPRING 2003

ACTIVITY AND ASSIGNMENT CALENDAR

_____________________________________________________________________
       WEEK 
               WEEK



                   PROBLEM


      NUMBER
           BEGINNING
        LECTURES
           SET 

         TEST

                                                                                                                   DUE

1
           13    January
          1 and 2



2 
           20    January
          3 and 4


3
           27    January
          5 and 6

             1



4
           3      February
          7 and 8



5
           10    February
          9 and 10                            2


6
           17    February
          11 and 12


7   
           24    February               13 and 14



                      T (2-25)


8
           3      March
                15                                3


9
           10    March                    16 and 17 


10
           17    March 
           18 and 19                         4


11                    31    March 
           20 and 21 


12                    7      April 
           22 and 23 

5


13                    14    April                        24 and 25


14
           21    April  
           26 and 27 

6


15
           28    April  
           28 and 29  

            

        F (5-1)

CARNEGIE MELLON UNIVERSITY

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

18-771

        

 LINEAR SYSTEMS
    
        SPRING 2003

TENTATIVE COURSE OUTLINE AND SCHEDULE

   WEEK
    WEEK

NUMBER
BEGINNING

SUBJECT

1

13
January
Introduction: Modeling of Dynamic Physical Systems

2

20 
January
Linear Algebra - Vectors


3

27
January
Linear Algebra – Matrices and Factorizations
 


4
  
3 
February
Eigenvalues and Singular Values 



5
  
10 
February
Matrix Functions
 



6

17
February
Numerical Linear Algebra






7

24
February
Numerical Linear Algebra



8
  
3 
March 
State-Space Computation

9
  
10 
March 
State-Space Computation


10

17
March

Stability






11

31
March 
Structural Properties






12
  
7
April 
 
Realizations



13

14 
April 

MATLAB( Computation in Engineering



14

21 
April 

Pole Placement and Observer Design






15

28
April 

LQR Design and Kalman Filtering



CARNEGIE MELLON UNIVERSITY

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

18-771

   

 LINEAR SYSTEMS
   
         SPRING 2003

READING ASSIGNMENTS

READING
     

LECTURE   
 
 NOTES
  

    WEEK

      B






         


 
NUMBER
  P and 1


   1 and 2
  




          1

      2


      
   3 and 4 

       




2

      3



   5 and 6
  





3

      4
 


   7 and 8
  





4

      5



   9 and 10
  





5

   

  11 and 12

     




6

     6

 
             13 and 14

 
      MIDTERM       
           7

     6     

                  15
  

MIDSEMESTER

8

     7


             16 and 17

       




9

     8
              
             18 and 19





           10

     9
     
        

  20 and 21



    


11

    
               

  22 and 23





           12

    10   


  24 and 25

       




13

    11

     
    
  26 and 27






14

                                        28 and 29


FINAL

      
      15







1Elliott Dunlap Smith, “Professional Education in Engineering and Science,” in Educational Papers: Carnegie Institute of Technology, 1945-1958. Pittsburgh: Carnegie Institute of Technology, 1958. This statement of the Carnegie Plan of Professional Education has been reproduced in all of the Undergraduate Catalogs of Carnegie Mellon University (and Carnegie Institute of Technology) since around 1945.





2 C.P. Neuman, D.T. Tuma, D.L. Feucht, B.R. Teare and F. Paul, “Analysis, Synthesis and Evaluation: Adventures in Problem-Solving, “Proceedings of the Frontiers in Education Conference, Atlanta, GA, October 1975.


3MATLAB is a registered trademark of The MathWorks, Inc.
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