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[This Tutorial

m Class materials
web.mit.edu/acmath/matlab/unified/linsys
m [OpICS
o Basics Review
o Linear Systems
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[Other References ]

m Mathematical Tools at MIT
web.mit.edu/ist/topics/math

m Unified: Intro to MATLAB Tutorial
web.mit.edu/acmath/matlab/unified/intro

m Other Course 16 MATLAB Tutorials
web.mit.edu/acmath/matlab/course16/
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MATLAB Basics Review

Toolboxes & Help

Vectors & Matrices
Operators & Functions
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Help in MATLAB

m Command line help
>> help <command>
e.g. help eilg
>> lookfor <keyword>

e.g. lookfor eigenvalue

m Help Browser
Help->Help MATLAB
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MATLAB Toolboxes & Help

= MATLAB
+ Getting Started

+ Mathematics

+ Matrices and Linear Algebra
+ Solving Linear Systems of Equations
Eigenvalues

+ Polynomials and Interpolation
+ Convolution and Deconvolution

+ Programming

+ Graphics
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Variables & Data Types
Data type detection

>> a = 5; a =" ok’'; a=1.3
= Numeric data types
>> x = 5
>> y = 5.34; x = round(y)
>> w = 5 + 61
>> wr = real(w); wi = imag(w)
m Built-inconstants:pi i j Inf

m Special characters

(1 O {} ; % = Q
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Vectors

m Row vector

>> R1 = [1 6 3 8 5]
>> R2 = [1 : 5]
>> R3 = [-pl : pi/3 : pi]

m Column vector
>> Cl = [1,;, 2; 3; 4; 5]
>> C2 = R2'
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Matrices

m Creating a matrix
> A = [1 2.5 5 0; 1 1.3 p1 4]
>> A = [R1; R2]

m Accessing elements

>> A(1,1)

>> A(l:2, 2:4)

>> A(:,2)
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Matrix Operations

m Operators + and -
>> X =[x, X117 Y = [y, V,]7 A = X+Y
A =
X1ty:r X1y,
m Operators *, /, and *
>> Ainv = A*-1 Matrix math is default!

m QOperators .*, ./,and .*
>> 7 = [zqy z,]; B = 12.72 Z.70]

B —
2 2
Zq Z 1 1
I T [Information Services I | I u -
J and Technology Unified Engineering: MATLAB Tutorials I I



Built-In Functions

m Matrices & vectors
>> [n, m]= size (A)
>> n = length (X)
>> Ml = ones (n, m)
>> MO = zeros(n, m)
>> En = eye (n)
>> N1 = diag(En)
>> [evecs, evals] = eig(A)

= And many others ...
>> y = exp(sin(t)+cos(t))
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Graphics

m 2D linear plots: plot

>> plot (t, z, ‘r-')
Colors:b, r, g, , m, <, k,
Markers: o, *, ., +, x, d
Line styles: -, --, -.,

m Annotating graphs
>> legend (‘z = f(t)’)

>> title (‘Position vs. Time’)
>> xlabel (‘Time’)

>> ylabel (‘Position’)
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Multiple Plots

m Multiple datasets on a plot
>> pl = plot(xcurve, ycurve)
>> hold on
>> p2 = plot (Xpoints, Ypoints, ‘ro’)
>> hold off
m Subplots on a figure
>> sl subplot (1, 2, 1)
>> pl = plot(time, velocity)
>> s2 = subplot(l, 2, 2)
>> p2 = plot(time, acceleration)
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MATLAB Linear Systems

Linear Equations & Systems

Eigenvalues & Eigenvectors
Convolution
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Systems of Linear Equations

m Definition: |ax, +a,x, +...+a,,x, =b

a, x, +a,x,+..+a, x, =b,

a.x, +a,x,+..+a x =b

m

m Matrix form: Ax=Db

a, .. a, || X b,
a, .. a,|x,| |b,
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Solving Linear Equations

m Define matrix &
>> A = [a{; aiy .. a;

m
aZl a22 eee azm
a,1 85 . dp]

m Define vector b

>> b = [by; b,y .. bl
m Compute vector x

> x = A \ b
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[Differential Equations

m Ordinary Differential Equation (ODE)
y'=f(t,y)

m Linear systems -> State Equation

p— ,_
x:l all L) al x1 P

A= e e ||| e | X = AX

’

X a .. a X

n | “"nl nn n

o E_igenvalues, A;, and eigenvectors, v,
of a square matrix A
Av, =4

n
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Linear Dynamic Networks

m Solution using

|dentify the network’s states ... X
|dentify initial conditions ... )_c(O)
Find the state equation ... ... X = Ax
Find eigenvalues & eigenvectors ... ALV,
The general solution is ....... x(t) =Y ave™
Solve for a; ... a=[v, v .. v,] %(0)
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Example: RCL Circuit

dv 1 ,
W
di 1
C, iy L, i=—vl—3i4
0.5F — V1 2H  ldr 2
Vy (O) =2
i,(0)=1
m State equation
T _
a2 :
P |- ese 5|7
42 ﬂ l -3 y 1
L dt | L 2 _
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[Example: RCL Circuit (continued) ]

X = AX
Q) Av. = AV,
O.C51F Vi “ ZT_I a= [‘71 v, ]_1 )—((O)
)?(t) =Y ave™
= Analytical solution

v, (t) = ﬂe ‘ +Ee‘2 o

)?(t) =ave' +ave” = 3 3
u (t) Lot Lo

¢ 3 3
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[RCL Circuit: MATLAB Solution ]

X = AX >> A = [a;; 8,7 a,; a,,]
)_((O) >> xo = [V g5 1, ]
Av.=Av. | >> [V, L] = eig(A)
>> A = diag (L)
a=[v, v,] %(0) | >>a =V \ x
X

_ T Akt — * *
(t)_zaivie >> V= a;" Vi Texp

(A, *t)
+ a,*V,,*exp (A, *t)
i, = a,*V,, *exp (A, *t)
+ a,*V,,*exp (A, *t)
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Linear Systems Exercises

m EXxercise 1. stateeig.m

Matrices & vectors
Systems of linear equations
Eigenvalues & eigenvectors

m Follow instructions in m-file ...

Questions?
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Complex Eigenvalues

m Example: complex eigenvalues and
eigenvectors from state equation

(1) — 0.5+ O.S.j JETETN 0.5 - O.S.j -3
0.5— 05+

m Euler's Formula
e’ = e“ (cos,B+jsinﬁ)
m Solution in terms of real variables
xl(t) =...= (cosSt—sinBt)e‘t
>> x1 =(cos(3*t)-sin(3*t)) *exp (-t)
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State Space

m State-space model of a linear system

X = AX + Bu ,u&Y: , input & output vectors
, B & C: , input & output matrices
Y=CX+Du | p usually zero (feedthrough) matrix

m [ransfer functions
H(s) = Num(s) =C(sl-A) B=D
Den(s)

>> [Num, Den] = ss2tf (A, B, C, D)
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[Convolution

m Definition
g(t)®u(t)= _J g(t—7u(t)dr

m Example: sighals & systems

5 |y = ug()
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Polynomial Convolution

m Polynomials:
X(s)=s2+2s+5; y(s)=2s?2+s+3
> x = [1 2 5]; yv=1[2 1 3]
m Convolution and polynomial multiplication

>> W = conv(x, y)

>> W =
2 5 15 11 15

m Deconvolution and polynomial division

>> [y, r] = deconv(w, Xx)
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Example: RC Circuit

m Input
u(t) t e, t=>20
YO =
0, t<0
impul m=]e 120
O r nse. &U)=-
mpulse respo 0, 1<0
Svst » D¢ =27 120
n stem response. y)=x
y P 0, t<0
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Example: RC Circuit (continued)

Response of a Linear Time-Invariant System

0.9y i
\ — Input u(t)
0.8F 1Y - i
\ Impulse response git)
) —Response y(t}=conv(g,u) .

Time
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[RC Circuit: MATLAB Solution ]

O<t<t >> t [0 : dt : tmax]
>> = length (t)

git)y=e* | >> g = exp(0*t)
ut)=e” | > u = exp(P*t)
y(t) = g(t) ® u(t) >> 'y = conv (g, u)*dt
>>y = y(1 : )

>> plot(t, u, ‘b-’,
tr g, ‘g_,r
tr Y/ ‘]f—')

f.' Information Services I I u =
15 i

and Technology Unified Engineering: MATLAB Tutorials



Linear Systems Exercises

m EXxercise 2: convolution.m

Matrices & vectors
Linear systems of equations
Convolution

m Follow instructions in m-file ...

Questions?
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