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Index

1/f Noise
Need for, 200
Simulating, 200
Using cascaded linear systems, 202

Absolute value block
And zero-crossing detection, 11
In Clock model, 22
In Math Operations library, 23
Zero-crossing, turning on and off,
89
Air drag, 12
Force from, 12
In Leaning tower model, 12
In Train model, 264
Leaning tower Simulation results,
13
Analog filters
As prototypes for digital filters, 144
Signal processing blockset, 148
Animation
SimMechanics Blocks, 270
Annotation
Creating wide lines for vectors, 16
Of models, 16
Using TeX, 105
Attitude errors
3-axis direction cosine matrix, 110
3-axis quaternion, 111
Axis angle
Rotation, 96
Axis-angle representation
Euler’s theorem, 101

Band Limited White Noise, 190
Setting Noise Power of, 195
Band Limited White Noise Block
In Moving Average Simulation, 153
Numerical experiments with, 191
To Generate Binomial Distribution,
181
Using the Weiner process, 191
Bessel Filter
In Signal Processing Blockset, 149
Bode plots
Calculating, 66
Creating, 64
Using Control Systems toolbox, 67
Brown, Robert, 187
Brownian motion, see also Random
processes, see also Weiner
process
And white noise, 184
Random walk and, 185
Brownian motion, connection
White noise, 187
Buffers, 163
Using with the FFT, 165
Butterworth Filter
Analog, 144
Compared to other filters, 151
Definition, 145
In Phase Locked Loop, 171
MATLAB code for, 147
Using Signal Processing Blockset,
151

Callback
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Executing MATLAB Code from,
203
Finding Graphics Handles after,
242
Loading Data from, 264
Options in Model Properties, 127
PostLoadFcn, 243
Pre-Load Function, 39, 52, 126,
153,171
StopFcn, 128, 181, 183
Central Limit Theorem, 180
Monte Carlo Simulink model, 180
Chebyshev Filter
In Signal Processing Blockset, 149
Clock
Pendulum, 18
Simulation, 23
Using SimMechanics, 271
Clock model, see NCS Library
Computing Mean and Variance
With Signal Processing Blockset
Blocks, 191
Constant block, see also Simulink
Blocks
MATLAB input for, 3
Control System Toolbox
Lyapunov equation solver, 195
Control Systems, see also Feedback
control
Bode plots, 66
Comparing position and Velocity
feedback, 61
Early development, 44
Example, thermostat, 46
Full State Feedback, 73
Getting derivatives, 75
Linear differential equations and,
49
Observers, 75
PD Control, 70
PID Control, 72
Position feedback, 56
Simulink model, constructing
derivatives, 79
Velocity feedback, 57
Control Systems Toolbox, 66

Convergence
Limits for random processes, 187
Correlation Function
Definition, 201
Of white noise, 189
Spectral Density Function from,
190
Covariance Equivalence
Definition, 195
White noise, 195
Covariance Matrix, 193
Covariance equivalence, 195
Definition, 193
Differential equation for, 193
Creating an Executable Specification
In the System Design Process, 281
Cross Product, 101, 102
Cross Product Block
In Simulink, masked subsystem,
102
Curve Fitting
With MATLAB for the Polynomial
Block, 93

Damping Ratio, 51
Data Store, Data Read, Data Write
Storing and retrieving data in
embedded code, 289
DC Motor, 108
Demux Block, see also Simulink Blocks
Using, 256
Deriving Rates
For derivative feedback, 78
Difference Block, see also Simulink
Blocks
Validating model changes with, 149
Digital Filters, 123
Digital filters
Bode plot for, 137
Discrete Library, 132
In Discrete Library, 123
Limited precision arithmetic and,
157
State space models in Simulink,
132
Digital Signal Processing, 117
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Bandpass Filter Design, 157
Definition, 120
Digital Filter from Analog using
Bilinear Transformation, 152
Fir Filter from State Space Model,
153
Impulse Sample Representation,
140
Sampling and A/D Conversion, 125
Uses of, 123
Using Signal Processing Blockset,
148
Digital Transfer Function Block, see
Simulink Blocks
Direct Form Type II, see Second Order
Sections
Direction Cosines, 96
From Quaternion, 104
Discrete time
Comparing, continuous with
discrete, 39
Converting continuous system to,
38
Discrete Transfer Functions
Calculation, 138
Dynamics
Connection with Stiff Solvers, 90
Control System, 55
Control System Sensors, 64
DC Motor, 108
Forces from rotation, 25
Foucault pendulum, for, 26
House, Heat flow in, 44, 49
Pendulum, 42
Reaction wheel, 108
Rotation, see also Axis angle:
Direction Cosines, see also
Quaternion
Rotations, 96
Satellite rotation, 107

Einstein, Albert
Brownian motion, 187
Electric Train
Rail resistance with nonlinear
resistor block, 262

Traction motor and train dynamics,
262
Electric Train Model
Model, 262
Elliptic Filter
In Signal Processing Blockset, 149
Embedded Code
In the System Design process, 296
Embedded code
Using Data Read, Data Write Data
Store Blocks, 289
Equations of Motion
For Euler Angle Rotations, 100
For Quaternion Representation of
Rotations, 102
Escapement, 18, 31
Description of, 19
History of, 18
Simulink subsystem for, 22
Euler Angles
From Quaternion, 104
Euler angles, 97
In LM model, 281
Euler’s theorem, 101
Executable Specification, 223, 233, 279
Analysis to Create, 287
Definition and Example, 234
For Lunar Module (LM) Digital
Control System, 289
Stateflow and Embedded MATLAB
in, 293

Fast Fourier Transform (FFT )
Block, 165
Fibonacci sequence, 118
Using the z-transform on, 122
Filter Design, 144
FIR Filter, 152
FIR filter
‘White noise in, 153
Fixed Point Filtering in, 162
Foucault pendulum, 24, see also NCS
Library
Dynamics, derivation of, 26
Model parameters, 29
Model, creating, 28
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Solvers, experimenting with, 29
Vibration of moths antennae, 31
Friedman, Thomas, 299
From Workspace Block, 95

Gain Block, 1, 12, 13, 24, 126, 191
Creating a Product with, 263
GUI Interface to Simulink with,

241
In Signal Processing Blockset, 161
In SimMechanics, 272

Galileo

Comparing objects of different
mass, 15

Experiments by, 17

Inclined plane experiments, 31

Internet, references to, 31

Leaning Tower of Pisa, 5

Pendulum period and, 19

GoTo Block, 79, 85, 263, 264

Graphical User Interface, 239

Graphical User Interface (GUI)
MATLAB Graphical User Interface

Development Environment,
240
GUI, see Graphical User Interface
GUIDE, see Graphical User Interface

Hamilton
Quaternion, 102
Quaternion, history, 114
Heat Equation
Partial Differential Equations, 210,
221
Heat equation
Four room house model, 274
Two room house model, 274
Heat equation, Electrical analog of
Partial Differential Equations, 211
Heating Control
With Thermostat, 44
Home Heating Control
Two room house model, 241
Hooke, 18
Huygens, Christiaan, 18, 31
Hysteresis, 47, 233

Hysteresis Block, 45

IIR Filter, 152
Integration
Observer, 76
Integrator, see also Simulink Blocks
Block Dialog for, 8
Block Dialog Options, 8
Denoted by 1/s, 7
Dialog, 8
Discrete Reset in phase Lock Loop,
172
External Initial Conditions, 56
In Integral Compensation, 73
In State-space model, 217
Initial Condition, external, 9
Simulink Block, 7
Simulink C-coded dll’s, 7
Integrator Modulo 1 Block
In the PLL Model, 172
Interpolation
In n Dimensions, 90
In Zero Crossing, 11
Polynomial Block with MATLAB
Curve fit, 93

Laplace Transforms, 39
Of state space model, 41
Transfer function of state model, 42
Leaning Tower
Simulation, two bodies, 15
Library block
Quaternion, Making, 290
Limited Precision Arithmetic, 117, 148,
155, 157
Fixed Point, 162
Floating Point, 161
Linear Control Systems, see Feedback
control
Linear Differential Equations
Complete Solution of, 35
Computing in Discrete time , 37
Eigenvalues and response, 51
General Form of, 33
In Simulink, State-variable form,
38
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Poles and zeros, 55
State-space Form of, 34
Undamped natural frequency and
damping ratio, 51
Linear Feedback Control, see Control
Systems
Linear Models
Analysis of Lorenz Attractor with,
85
From Control System Toolbox, 68
Linear models
Creating from differential
equations, 49
Linearization
Of a Nonlinear System, 49
Lookup Table, 93
2-D, 93
Entering tabular data in, 91
n-D, 93
Simple, 90
Lookup Table Block, see also Simulink
Blocks
Lookup Table Library, 90
Lorenz Attractor
Chaotic Motion model, 84
Linear Models as Function of Time,
85
Parameters and Fixed Points, 84
Time Varying Root Locus for, 85
Lorenz Attractor Simulation, 83
Lorenz, Edward, 83
LTT Object
Creating and Using, 67
Definition, 67
LTI Viewer
For Digital Filters, 139
For String Vibration model, 277
Lunar Module (LM)
Euler angles in, 281
Quaternion block in, 281
Lunar Module (LM) Digital Flight
Control
System Design Process Example,
282
Lyapunov Equation Solver
Control System Toolbox m-file, 195

Lyapunov equation solver
In Control System Toolbox, 195

Maple MATLAB Interface
Determining Direction Cosine
Attitude Error with, 110
Using for LM Control Law, 288
Using Maple for z-transform, 122
Marc Tucker
In NY Times editorial, 299
Masked Subsystem
Deriving Rates Model, 78
Example, cross product, 104
Masked Block Parameters, 78
Masked subsystem, creating
SimPowerSystems nonlinear
resistor, 257
Math Operations, see Simulink Blocks
MATLAB
Calculation of stop time, 6, 10
Commands, in Courier type, 1
Creating a discrete time model, 35
Creating a discrete time model,
c2d_ncs, 37
Default Simulink data in, 10
Input for Constant block, 3
ODE Suite, compared to Simulink,
7
Opening Foucault_Pendulum, 28
Opening Leaningtower, 5
Opening Leaningtower2, 12
Opening Lenaingtower3, 16
Opening Simulink, 2
Vector notation in Blocks, 13
MATLAB code
Updating GUI with, 244
MATLAB connection to Simulink
Graphical User Interface (GUI),
240
MATLAB GUI
Code for updating, 244
Creating, 247
Interface for Stateflow and
Simulink, 239
Model Properties Tab, see Callbacks
Modeling and Analysis
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In the System Design Process, 281
Moler, Cleve, xvi, 29, 83, 117, 209
Monte Carlo simulation, 179
Mux Block, see also Simulink Blocks

Using, 45

NCS Library

1/f noise, model, 200

Batch processing, model, 163

Butterworth filter model, 144

Butterworth filter, Signal
Processing Blockset, 149

Clock_transfer_functions, 43

Control systems, model, 44

Digital filter aliasing, model, 126

Digital filter transfer function,
model, 123

Digital filter, Bode plot, 137

Fibonacci sequence, digital filter
block model, 130

Fibonacci sequence, model, 118

Fibonacci sequence, state-space
model, 132

Final LM Specification, model, 289

FIR filter, model, 152

Foucault pendulum, model, 24

Heat equation, model, 215

Heating controller, executable spec.
model, 234

Heating controller, MATLAB
connection, 239

Heating controller, model, 239

How to download, 1

Including computer limitations,
LM model, 286

Leaning Tower, model, 9

Limited precision filter design,
model, 161

Linear differential equations,
model, 38

LM Stateflow Logic, model, 292

Lorenz attractor, model, 83

Monte Carlo, central limit theorem
model, 180

Naming conventions, 1

NCS definition, xvi

Nonlinear resistor, model, 256

Observer, model, 75

Partial differential equations, 215

PD control, model, 70

Phase lock loop, model, 169

PID control, model, 72

Random walk, model, 184

Rayleigh noise, model, 182

Reaction wheels model, 107

Rotation, Axis-angles, 101

Rotation, Direction cosines, 100

Rotation, Euler angles, 97

Rotation, Quaternions, 101

Sampling Theorem using FFT,
model, 163

Sampling theorem, model, 143

Saving new models, 4

Set MATLAB path, 1

SimMechanics clock, model, 271

SimMechanics pendulum, model,
268

SimMechanics vibrating string,
model, 272

SimPowerSystems train, model,
262

SimPowerSystems, four room
house model, 275

SimPowerSystems, simple model,
252

Spacecraft with reaction wheel,
model, 112

Specification capture, LM model,
281

Specification to Design, LM
control law model, 283

Spring-mass, model, 55

Spring-mass, state-space model, 51

State Space, continuous and
discrete, 39

Stateflow, Chart, 223

Stateflow, debugger, 232

Stateflow, model input-output, 229

Stateflow, simple model, 223

Systems excited by white noise,
model, 195

Thermo_NCS, 46
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Using data in tables, models, 90
Using filter design block, model,
157
Using the nonlinear resistor, model,
259
White noise, model, 190
New York Times
Thomas Friedman editorial, 299
Nonlinear controller
Home heating thermostat, 44
Nonlinear differential equations, 81
Numerical Computing with MATLAB,
29
Fibonacci sequence in, 117
Lorenz Attractor in, 83
NCM, xvi
Pde’s in, 209
Numerical integration, see Solvers

Observers, 79

Odel13, 89

0Ode23t, 259

Ode45, 199

Opening Simulink
Clicking on icon, 2
Command for, 2

Partial Differential Equations
Creating a Simulink model for, 213
Finite dimensional models for, 210
Heat Equation, 210
Heat equation model using
SimPowerSystems, 274
Heat Equation, Electrical analog,
215
Heat equation, Electrical analog of,
211
Heat Equation, State-space model,
215
Modeling in Simulink, 207
Vibrating string, 272, 275
Vibration, models for, 219, 272,
277
Pendulum, see also Clock, see also
Foucault pendulum
Clock, 18

Using SimMechanics, 268
Perrin, Jean
And Brownian motion, 187
Phase Lock Loop (PLL), 169
How it works, 171
Model of, 171
Simulation of, 173
Voltage Controlled Oscillator
(VCO), 171
Physical Modeling, 251
SimMechanics, 252
Poles and Zeros
Bode Plot Calculation with, 65
Definition, 43
Digital Filter Implementation and,
159
For 1/f Noise Approximation, 202
From State Space Model, 55
In fir Filters, 153
In Signal Processing Blockset, 155
LTI Object and Control Systems
Toolbox, 67
Maxwell and, 44
Of Butterworth Filter, 146
Phase Shift in Filters, 152
Using Control System Transfer
Function, 55, 63
Polynomial Block
Curve Fitting in MATLAB for, 93
PostLoadFcn, see Callback
Power Spectral Density function
1/f noise, 200
Definition, 201
Power Spectral Density functions (psds)
Creating with white noise, 200
Pre-Load Function, see Callback
Pre-load function
Simulink Model Properties, 29

Quaternion, 96
Converting to Direction Cosines,
104
Converting to Euler Angles, 104
Definition, 102
Derivative of, 102
Hamilton, discovery of, 114
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In LM model, 281

Library block, 290

Library block, making, 290
Norm of, 102

Subsystem block for, 103

Random Processes
Convergence of, 187
Random processes, 179
Random walk, see also Random
processes
Prototype for white noise, 184
Reaction wheel
Operation of, 108
Reaction wheels
Model of, 109
Relational Operator block, see Simulink
Blocks
Reset Integrator
For Phase Locked loop, 171
Root Locus Plot
Comparing Position and Velocity
Feedback, 61
Definition, 60
For Mass Velocity Feedback, 60
Transfer Functions, numerical
issues with, 63
Rotating bodies
Forces on, 25
Rotations
Axis angle representation, 96
Direction Cosine Matrix
representation, 96
Quaternion representation, 96

Sampling Theorem, 117, 139
Implementing, low pass filters, 143
Numerical experiments, 144
Proof of, 141
Simulink model for, 143
Using FFT to implement, 165

Satellite in orbit
Dynamics, rotational, 107

Second Order Sections, 160
In Filter Design, 160

Second Order System

Simulink model with transfer
functions, 42
Second Order Systems
Parameters in, 51, see also
Damping ratio: undamped
natural frequency
Shannon, Claude, 139, 141, 175
Signal Builder
For input to nonlinear resistor, 259
Signal Processing Blocks
FFT, 165
Signal Processing Blockset, 148
Analog Filters in, 149
Bessel Filter in, 151
Blocks in the Library, 149
Butterworth Filter in, 151
Chebyshev Filter in, 151
Comparing Blockset and Simulink
Models, 149
Filter Design with Second Order
Sections, 160
Implementing a Digital Filter in
Fixed Point , 162
Limited Precision Bandpass Filter
Design with, 157
Using Buffers for “Batch
Processing’’, 163
SimMechanics, 249
Environment, 268
Ground, 268
Library, 266
Physical Modeling, 252
Vibrating string, 272, 275
SimMechanics Blocks
Animation, 270
Body, 270
Body Sensor, 270
Environment, 267
Revolute Joint, 269
SimMechanics, Blocks
Ground, 267
SimPowerSystems, 249
Algebraic loops in, 259
Circuit with nonlinear resistor, 260
Connection icon, 252
Connections icon, 255
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Connections to and from Simulink,
262

Library of Blocks, 255

Library of blocks, 253

Mask for nonlinear resistor block,
257

Mask for train model, 264

Modeling an electric train, 262

Nonlinear devices in, 258

Nonlinear Elements in, 256

Nonlinear resistor model, 256

Simple example—RC circuit, 252

Simulink inputs, 255

SimPowerSystems, Blocks

DC Voltage Source, 254

Resistors, Inductors, Capacitors,
254

Switch and Circuit Breaker, 255

Simulink

Adding a block, 3

Automatic Connections, 4

Automatic Vectorization, 33

Block diagram basics, 1

Block dialogs, 3

Click and Drag, 3, 7

Continuous, library, 7

Creating a new model, 3

Drawing neat diagrams, 4

Library Browser, 2

Logic and Bit Operations, library, 7

Masked subsystem, creating, 257

MATLAB, setting Constants in, 9

Modeling Partial Differential
Equations, 207

Pre-load function in Model
Properties, 29

Signal Flow Connections, 4

Simple model, 2

Sinks, library, 7

Solver, default, 10

Solver, making changes, 29

Solver, selecting, 88, 89

Solver, with noise, 190, 192

Solvers, for SimMechanics, 267

Solvers, for SimpowerSystems, see
also Ode23t

Sources, library, 7

Starting a simulation, 10

Viewing results, Scope block, 10
Zero crossing, blocks that detect, 11
Zero crossing, detection, 10

Zero crossing, interpolation, 11

Simulink Blocks

Absolute value, 22, 23

Band Limited White Noise, 191

Clock, from Sources Library, 91

Comparing, using differences, 39

Constant, 90

Constant block, 3, 7

Control Systems, Time-based
linearization, 85

Control Systems, Trigger-based
linearization, 85

Cross Product, 102

Data Store, Read, Write and
Memory, 290

From File, 95

From Workspace, 95

Gain, 12, 24,73

Gain, vectorizing, 13

GoTo, 79

Hysteresis, 46

Integrator, 84

Integrator block, 7

Integrator notation, from Laplace
operator, 41

Leaning Tower simulation, blocks
for, 7

Lookup Interpolation, 90

Lookup Table, 90, 91

Lookup Table Dynamics, 90

Lookup Tables, Library, 90

Math Operations, 3

Matrix Concatenation, horizontal
and vertical, 114

Multiplication, for matrix
operations, 105

Multiport Switch, 78

Mux, 45, 264

Polynomial, curve fitting, 93

PreLookup, 90

Product, 12
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Relational Operator block, 7
Scope, 13
Scope block, 7
Selector, 102
Sign, 23
Signal Builder, 259
Sine Input, 21, 46
State-space, continuous, 39, 52, 58
State-space, discrete, 39
Stop block, 7
Subsystem, 21, 197
Sum, 12, 21, 91, 264
Sum, used as difference, 73
Transfer function, 42, 64
Trignometric Functions, 4
Unit Delay, 118
Zero-Pole-Gain, 42
Simulink data
In MATLAB by default, 10
Simulink Models, see also NCS Library
Annotating, 16
Wide non-scalar lines, 16
Smoluchowski, Marian Von
And Brownian motion, 187
Solvers, see also
0de113:0de23t;Simulink, see
also Ode45
For Numerical Integration, see also
Foucault pendulum
In SimMechanics, 267
ODE Suite in Simulink, 88
Setting step size, 270
Simulink Implements MATLAB
Solvers as Standalone dll’s, 29
Simulink’s Use of , 7
Stiff, 108
Using Different in a Simulation, 30
Using Ode23t in
SimPowerSystems, 259
Spacecraft rotation
Model for, 112
Spaghetti Simulink models, 300
Specification Development and Capture
In the System Design Process, 280
Spectral Density Function
Definition, 201

Using Correlation function, 190
State Space
And Switch Curves for LM, 296
State Space Block, see also Simulink
Blocks
State Space Model
Calculating Transfer Function
from, 42
For 1/f Noise Approximation, 203
For Discrete Time Systems, 134
For Pendulum, 38
For Spring-Mass-Damper System,
58
Full State Feedback and, 75
Getting Bode Plot from, 66
Getting Linaer Model for Lorenz
Attractor, 85
In SimPowerSystems, 256
Of Two Room House, 217
Transfer Function for, 42
Transfer Function fro Discrete
Systems using, 138
Using 1ti Object inMATLAB, 68
Stateflow, 292
Action language, 236
Adding events, 229
Adding inputs and outputs, 229
Heating control specification, 238
Home Heating Controller using,
232
Semantics, 226
Simple chart, 223
Using a GUI for inputs, 239, 242
Using the debugger, 232
Stateflow Executable Spec.
In the System Design Process, 293
Stochastic processes, see Random
processes
Subsystems
Annotating, 83
Completing top down design, 292
Converting Fahrenheit to Celsius
and back, 45
Counter, for RCS jet timing (LM),
291
Creating, 21
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Creating a library for, 83

Creating a matrix in, 114

Deriving rate, for, 78

Empty, for top down design, 281

Heating controller, executable
spec., 235

House dynamics, heating system
model, 46

Interacting with a GUI, 242

LM reaction jet control, 290

Mask dialog for parameter inputs,
79

Masked, 78, 83

Masked, documentation, 258

Masked, drawing an icon on, 258

Masked, for White Noise, 191

Noise simulation, Discrete and
Continuous time, 198

Nonlinear Resistor, in
SimPowerSystems, 257

Padding a Buffer, Signal
Processing, 166

Quaternion, library block, for, 102

Reaction wheels, for, 109

Reset Integrator, in Phase Lock
Loop, 172

Spacecraft rotation, for, 112

Specification capture and, 234

Stateflow “Box’’ command, 224

Stateflow, subcharts, 228

Tracing model to specification, for,
279

Train model, with track simulation,
264

Train model, for track resistances,
264

Train model, SimPowerSystems
and Simulink, 262

Triggered, 226

VCO, in Phase Lock Loop, 171

Vibrating string, in SimMechanics,
275

Zero crossing detection for, 11

System Design Process, 279
System Design process

Component Level Design that
Meets Spec., 287

Creating an Executable
Specification, 281

Creating Embedded Code, 296

Example, Lunar Module (LM)
Digital Flight Control, 282

Modeling and Analysis, 281

Specification Development and
Capture, 280

Steps in, 280

The Final LM Executable Spec.,
289

Using Stateflow in the Executable
Spec., 293

Verification and Validation, 296

TeX
Annotating with, 105
Thermostat
Modeling, 48
Operation of, 46
Time Based Linearization, 85
Train Simulation
Calculating rail resistances from
train positions, 264
Using SimPowerSystems, 264
Transfer Function
Irrational for g/f Noise, 201
Of a Discrete System, 159
Of Butterworth Filter, 145
Of Ideal Low Pass Filter, 143
Of Low Pas Filter, 144
Specifying for an Analog Filter, 145
Viewing in the Signal processing
Blockset, 155
Transfer Function Block, see also
Simulink Blocks
Change of Filter Changing Icon for,
151
Transfer Functions
For Digital Filters, 123
From a Simulation, 125
In the Simulink Digital Library, 131
Trigger Based Linearization, 85
Trignometric (Trig) Functions, 3
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In Direction-Cosine Matrix
Calculation, 104

Unbuffer, see Buffers
Undamped natural frequency, 51
Unit Delay, see Simulink Blocks

Vectorizing a model, 33
Verification and Validation
In the System Design Process, 296
Simulink Blocks for, 296
Vibrating string, 272
Voltage Controlled Oscillator (VCO)
In Phase Lock Loop, 171

Weiner process, 184
Band Limited White Noise block,
191
In integrals, 190
Simulations with, 190
White noise and, 189

White noise, in Simulink, 190
Weiner, Norbert, 189
White noise, see also Random processes
Brownian motion, connection, 186
Covariance equivalent systems, 195
Exciting spring-mass, damper, 190
Existence of, 187
In FIR filter, 153
Simulating, 190
Simulating in discrete time, 193
Simulating with, 190
Solvers, Effect of step size, see also
Solvers
Spectral density functions, 200
Wide non-scalar lines
Creating in Simulink, 16

z-transform, 121

Zero Crossing
Blocks that detect, 11
Turning on and off, 89
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