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6.003: Homework

6.003: Signals and Systems

Doing the homework is essential for understanding the content.

e where subject matter is/isn't learned
e equivalent to “practice” in sports or music

Weekly Homework Assignments
e Conventional Homework Problems plus
e Engineering Design Problems (Python/Matlab)

Open Office Hours !

e Stata Basement (32-044)
e Mondays and Tuesdays, afternoons and early evenings

Collaboration Policy

e Discussion of concepts in homework is encouraged

e Sharing of homework or code is not permitted and will be re-
ported to the COD

Firm Deadlines

e Homework must be submitted in recitation on due date

e Each student can submit one late homework assignment without
penalty.

e Grades on other late assignments will be multiplied by 0.5 (unless
excused by an Instructor, Dean, or Medical Official).

6.003 At-A-Glance

6.003: Signals and Systems

Tuesday Wednesday Thursday Friday

Fep o | L1 Signals and R1: Continuous & |L2: Discrete-Time |R2: Difference
Systems Discrete Systems | Systems Equations
L3: Feedback, HW1 [R3: Feedback, L4: CT Operator

Feb 9 Ra: CT Systems
Cycles, and Modes | due | Cycles, and Modes | Representations

b 16| Presidents Day:  [HW2 [Rs: CT Operator [L5: Second-Order [R6: Second-Order
Monday Schedule | due |Representations | Systems Systems

b 23| L6 Laplace and Z [ HW3 [R7: Laplace and Z [L7: Transform R8: Transform
Transforms due | Transforms Properties Properties
Ls: Convolution; Exam 1 L9: Frequency R9: Convolution

Mar 2 EX4
Impulse Response no recitation Response and Freq. Resp.

Mar o | L10: Bode HW5 [R10: Bode L11: DT Feedback |R11: Feedback and
Diagrams due | Diagrams and Control Control

Mar 16| -12 CT Feedback [ HW6 |R12: CT Feedback [L13: CT Feedback |R13: CT Feedback
and Control due |and Control and Control and Control

Mar 23 Spring Week
L14: CT Fourier R14: CT Fourier |L15: CT Fourier |R15: CT Fourier

Mar 30 HW7
Series Series Series Series

apr 6 |16 CT Fourier [ EX8 | Exam 2 L17: CT Fourier | R16: CT Fourier
Transform due | no recitation Transform Transform

Apr 13 | 18 DT Fourler | HW9 [R17: DT Fourier [L19: DT Fourler |R18: DT Fourier
Transform due | Transform Transform Transform
Patriots Day R19: Fourier L20: Fourier R20: Fourier

Apr 20 HW10
Vacation Transforms Relations Relations

EX11|Exam 3
Apr 27 [ L21: Sampling L22: Sampling R21: Sampling
due | no recitation

L25: Applications Breakfast with
May 11 R24: R Pe

May 18 Final Examination Period

Weekly meetings with class representatives

e help staff understand student perspective
e learn about teaching

One representative from each section (4 total)
Tentatively meet on Thursday afternoon

Interested?




6.003: Signals and Systems Lecture 1 February 2, 2010

The Signals and Systems Abstraction Example: Mass and Spring

Describe a system (physical, mathematical, or computational) by _1_
the way it transforms an input signal into an output signal. x(t)

signal signal
gi]n system c?ut (t) (t)
x(t y(t
mass &
t —> spring s t
system

Example: Tanks Example: Cell Phone System

=70t

’”“)H N q q» sound out
sound n )
hml I_ () >

sound in sound out
ro(t) ra(t)

cell
tank t —»| phone (—— t
t system t system

Signals and Systems: Widely Applicable

Signals and Systems: Modular
The Signals and Systems approach has broad application: electrical, The representation does not depend upon the physical substrate.
mechanical, optical, acoustic, biological, financial, ...
X */ ~ ! v
2(t) y(t) ~ 1— - i 1 -
i E mass & Q >>>
L t — spring —> t
system
= ro(t)

sound in

sound out

hlml l‘—.
ri(t) ro(t) ra(t) )
hz(t)l j—t — | _tank
ra(t)

system

sound| cell | E/M optic E/M
>>> sound in sound out in  |phone towerl e |tower

cell

t —| phone — t
>>>> system

cell |sound
phone| out

focuses on the flow of information, abstracts away everything else
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Signals and Systems: Hierarchical

Signals

Representations of component systems are easily combined.

Example: cascade of component systems

sound cell | E/M optic E/M [ cell sound
- > »>|tower ——>|tower > >
in phone fiber phone out

Composite system

sound sound
T» cell phone system T

Component and composite systems have the same form, and are
analyzed with same methods.

February 2, 2010

Signals are mathematical functions.

e independent variable = time
e dependent variable = voltage, flow rate, sound pressure

mass &

L t —| spring |—» —ACt
system L

ra(t)
T e L

system
sound in sound out
cell
t —| phone |—> t
system

Signals

Signals

continuous “time” (CT) and discrete “time” (DT)

Many physical systems operate in continuous time.

e mass and spring
e leaky tank

Digital computations are done in discrete time.

e state machines: given the current input and current state, what
is the next output and next state.

Sampling: converting CT signals to DT

)

( z[n] = z(nT)
10 0 2 4 6 8 10 !

0T 27" 4T 6T 8T 10T

T = sampling interval

Important for computational manipulation of physical data.

e digital representations of audio signals (e.g., MP3)
e digital representations of pictures (e.g., JPEG)

Signals

Signals

Reconstruction: converting DT signals to CT

zero-order hold

z[n] x(t)

n f T 1

t
T T T
0 2 4 6 8 10 0 2T 4T 6T 8T 10T

T = sampling interval

commonly used in audio output devices such as CD players

Reconstruction: converting DT signals to CT

piecewise linear

z[n] x(t)

n
0 2 4 6 8 10

t
I T T T
0 2T 4T 6T 8T 10T

T = sampling interval

commonly used in rendering images




6.003: Signals and Systems Lecture 1 February 2, 2010

Check Yourself Check Yourself

Computer generated speech (by Robert Donovan)

1)

xT

—250 0 250

. . »
Listen to the following four manipulated signals: How many images match the expressions beneath them?

. . . . Y Y
fit), f2(t), f3(t), fa(t). - <
How many of the following relations are true? P bS]
o fi(t) = f(2t)
o fo(t) = —f(0) g 2
o f3(t) = f(2¢) — — —
o fu(t) =2f(t) —250 0 250 —250 0 20 T 250 0 250
fi(z,y)=f(2z,y)? fo(z,y)=Ff(2x—250,9) 7 f3(x,y)=f(-x—250,y) 7
The Signals and Systems Abstraction Example System: Leaky Tank

Describe a system (physical, mathematical, or computational) by Formulate a mathematical description of this system.

the way it transforms an input signal into an output signal.

=.70(t)
hi (f)l
I— r1(t)
signal signal
> ———»| system |—»
n out What determines the leak rate?

Check Yourself Example System: Leaky Tank

Formulate a mathematical description of this system.

The holes in each of the following tanks have equal size.

Which tank has the largest leak rate ri(¢)? = 70(1)
hl(t)l ‘
r1(t)
1.
2. Assume linear leaking: ri(t) o hy(t)

What determines the height h;(¢)?
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Example System: Leaky Tank

Check Yourself

Formulate a mathematical description of this system.

=70 (f)

}Ll(t)Jt ‘ I
r1(t)

Assume linear leaking: r1(t) o< hy(t)

dhi (¢)

2 ocro(t) = ra(t)

Assume water is conserved:

drq (f)
dt

o ro(t) = r1(t)

Solve:

[ What are the dimensions of constant of proportionality C? J

dry(t)
dt

= C(ro() = (1))

Check Yourself

Analysis of the Leaky Tank

Which of the following tanks has the largest time constant
T?

Call the constant of proportionality 1/7.

Then 7 is called the time constant of the system.

Assume that the tank is initially empty, and then water enters at a
constant rate ry(t) = 1. Determine the output rate r(t).

r1(t)

, time (seconds)
3

o -

Explain the shape of this curve mathematically.

Explain the shape of this curve physically.

Leaky Tanks and Capacitors

Although derived for a leaky tank, this sort of model can be used to
represent a variety of physical systems.

Water accumulates in a leaky tank.

=70 (t)

hi (f)l
u r1(t)

Charge accumulates in a capacitor.

dv i — g

a- C

X i; — ip analogous to — xrg—r]

dt




MIT OpenCourseWare

http://ocw.mit.edu

6.003 Signals and Systems
Spring 2010

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.


http://ocw.mit.edu
http://ocw.mit.edu/terms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


