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Abstract

Signals,systemsand control provide a powerful paradigmfor intellectualthoughtin scienceand
technology yet theseideashave hadvirtually no penetratiorin K-12 education.In this paperwe
provide somesuggestionfor introducingtheseconceptsnto primaryandsecondargducationthus
promotingtheir diffusionthroughouthe academidalisciplines.



M otivation

This paperhasseveraldistinct,but related objectives. First, | have heardmary of my signalssys-
temsandcontrol(SSC)colleagueslescribenow theirinterestand(sometimesrrational)dedication
to the SSCfield wasinstantlyformedwhenthey first encounterethe SSCparadigm.“Everything
justmadesense'ls anotuncommordescriptionof thereactionmary of ushadwhenwe werefirst

introducedo this conceptualvorld view.

Next, during the 2000AmericanControl Conferencan Chicago,NSF sponsoredhe First NSF
Workshopon Ideasand Technologyof Control and Systemsn High SchoolMath and Science
Education,organizedby Prof. B. Pasik-Duncan.This workshopprovided a uniqueopportunity
for a selectgroup of high schoolinstructorsto becomeintroducedto a field of intellectualand
engineeringende&or thatis invisible to mostof our society Not surprisingly it becameclearto
me andmary of the “control professionalsWho attendedhe workshopthatour SSCworld view
hasvirtually no penetrationinto primary andsecondaryeducation.Yet | seeno reasono believe
thatthis mustbethe case.Certainly thereareconceptdrom SSCthatcanreadily be appreciated
at almostevery academidevel. Evenvery youngchildrenarefascinatedy toys thatallow them
to insertanobjectandwatchanotherbjectemepge. Remote-controlledr self-operatingoys are
amongthe mostfascinating.

Finally, anadditionalmotivationfor this paperis thefactthatthe SSCviewpoint hassignificantly
broadersefulnesshanits traditionalhomein circuits,communicationsandcontrol. Many other
disciplinescan benefitfrom problemformulationsthat adoptthe conceptsandtools of systems
theory By introducingSSCconceptatayoungeievel, wethushaveagreatechanceof broadening
their penetrationn scienceandtechnologyat all levels. Thetime to do thisis long overdue.

The purposeof this paperis to introducesomebasicconceptsn SSCattheK-12 level. My main
goalis to stimulatethinking in the SSCparadigmfor classroomand sciencefair projects. This
paperis not meantto be a tutorial on thesetopicsfor K-12 studentsandinstructors althoughit is
hopedthatit will attracttheattentionof somemembersf thatcommunity

Throughoutthe discussion have madea deliberateattemptto avoid the useof overly technical

languagealthoughl haveintroducedseveralwordsof fundamentalmportance Precisadefinitions
arenot provided; rather the meaningof thesetermsmay beinferredfrom context.

Signals

Whenwe wave “hello” to a friend we aresendinga signal Even our facial expressiongransmit
signals,shaving whetherwe agreeor disagreewith what someonds saying. Whenwe talk to
someonepurwordsform asignal. Thiskind of signalcanbetransmittedn personpverthephone,
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thoughwriting on a pieceof paper or throughemail. Thesesignalscanbe formulatedin mary
differentlanguages.

Whenwe turn on theradio, television, or computerwe arereceving signals.With television and
thecomputeme receve signalsthathave bothaudioandvideo. Thesesignalscorvey information

But signalscanhave mary forms besidesvordsandpictures. For example,whenyou put money
into a sodamachine,you are sendinga signalto the machinethat you wish to purchasea soda.
Presumablythe sodamachinehasalanguageof its own, somone doestalk.

A signalcanalsobephysical Forexample whenyouthrow abaseballyourarmis sendingasignal
to theball, “telling” it which way to go. Thesignalis a forcethatmakesthe ball move. Similarly,
theenginein acarmakesthe carmove, andit is sendinga force signalto thecar.

Herearesomequestiongo considerconcerningsignalsandlanguages:

Two peopleare“speaking”to eachotherusingsignlanguage.How is the
signaltransmitted?Canyou think of any adwantagef this kind of signal
evenif the peoplewho areusingit arenot hearingimpaired?

Is musica signal?Whatif the musichasno words,justinstruments7Does
musichave alanguage?Hint: How canyou tell whena pieceof musicis
nearthebegginningor end?

Most televisionstodayhave remotecontrol devices. How do thesedevices
usesignals?Do they have alanguage?

Most sportsuseumpiresor referees. How do theseofficials usesignals?
Whatis theirlanguage?

A policemansdirectingtraffic. Explainhow s/heusessignalsandlanguage.

A personis driving a car. They puttheir foot on the gaspedalandthenon
thebrake pedal.Explainthesesignals.

Systems

A systemis differentfrom asignal. A systemusuallyinvolvestwo signals,onesignalis theinput
while the othersignalis the output Theinputgoesinto the systemandthe outputgoesout of the
system.

Thesodamachines asystem.Themoney you putinto the machineis theinput, andthe sodathat
comesout of themachines the output. Themoney andthe sodaaresignals.
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Thebaseballs asystem.Theinputis theforceyou applyto the basebalin a particulardirection.
Theoutputof the systemis theway the ball flies, includingits speedheight,anddirection.

Whenyou speakto someonethenthat personis a system. The input to the systemis the words
thatyou speakandtheexpression®nyourface whichtheotherpersorhearsandsees.Theoutput
from the systemis thewordsthatthey speakandthe expression®on their facewhenthey reactto
whatyou have to say

A caris asystem.Theinputsignalis theforceprovidedby theengine which ultimatelymakesthe
wheelgurn. Theoutputof thissystenisthespeedf thecar, whichis measuretty thespeedometer

Physical systemshave devicesto helpthemrespondo inputs. An actuatoris aninputdevice, and
asensotis anoutputdevice. Theengineof the caris anactuatorandthe speedometes a sensor
A sensolis usedfor measuement

Herearesomequestiondo considerconcerningsystems:

Whataresomesensor®nacarbesideshespeedometerfint: How doyou
checkhow muchgasis in thetank?

Is aflashlightasystem?f so,whatis theinputandwhatis the output?

Supposedhatyou opena bankaccountthat paysinterest. Is this a system?
If so,whataretheinputandoutput?

It is usefulto analyzesystemsn termsof the variouspropertiesthatthey have. For example,a
systemis linear if addingtwo inputsgivesanoutputthatis the sumof the two outputsdueto the
separatenputs.

Is thesodamachindinear?

A storehasanitemonsale:Buy 2, get1 free. Is thisalinearsystem?

A worker getspaid time anda half for working on the weelend. Is this a
linearsystem?

You canrun a mile in 8 minuteswith moderateeffort. Whenyou try twice
ashard,yourunamilein 7.5minutes.Is thisalinearsystem?

Anotherimportantsystempropertyis gain, which compareshesizeof the outputsignalto thesize
of theinputsignal. For example,imaginea seesw thatis not centered Whenthe shortsideof the
seesaw movesa certaindistance(this is the input), thenthe long side of the seesa (the output)
movesfarther Thegain of thesystemis greatethanone,soit is anamplifier of distance.



A pulley isoftenusedolift heary weights.Explainhow thissystemamplifies
force.

Turning the steeringwheelon a car causeghe wheelsto turn. Whatis the
gain of this system?

Someondoughta lottery ticket for $1 andwon $1000.Whatis the gain of
this system?Canit change?

Control

Control is usedto improve the performancef asystem.If theoutputof asystemis notasgoodas
might be desired the outputcanbe usedto changethe input sothatthe outputis moredesirable.
Thisis feedbak. For example,consideracardriving onaroad.A bumpin theroadcauseshecar
to swene slightly out of thelane. Thedriver seeghis, andadjuststhe steeringwheelto returnto

the centerof thelane. This is a servoproblem: The error betweendesiredmotion andthe actual
motionis usedto chooseheinputto make theerrorsmaller

A basebalplayeris trying to catchafly ball. How is this a seno system?
A dogis chasingacat. How is thislike aserwo system?
A personis learningto play the piano. How is thislike a serno system?

Anotherimportantuseof feedbackcontrolis for stabilization A broomstickstandingon its end
will fall overunlesst is stabilized.Herearesomequestiongo think about:

Whenyou balancea broomstick,how do you do it? Whatis the actuator?
Whatis thesensords morethanonesensoinvolved?

Now try to balancesticks of differentlengths. Which onesare harderto
balanceshortersticksor longersticks?

Do humansneedstabilizationin orderto standup? Try to standperfectly
still. Are you ableto doit? How muchharderis it to standstill with your
eyesclosedWhatsensorandactuatorsio you useto standup?

If you sitonabicycle withoutmoving, youfall over. Butyoudon't fall over
if you're moving forward. Why?



Conclusions

Althoughsignals,systemsandcontrolideasarenot taughtuntil post-secondargducation]) have
tried to suggesherethattheirintroductionis feasiblein K-12. Why doso? Simply put, SSCideas
provide a universalintellectualparadigmthatis broadlyapplicable. Theseideasare abstractyet
highly accessibleandthey cansignificantlystrengtherthetraditionalK-12 curriculum.

References

The systemgoint of view wasthelife’ s work of NorbertWiener His classicwritingsinclude

N. Wiener Cybernetics:Or Control andCommunicationn theAnimalandtheMaching, (2nded.).
Cambridge:MIT Press1961.

N. Wiener TheHumanUseof HumanBeings: CyberneticandSociety Boston:HoughtorMifflin,
1954;Reprintedby New York: Da CapoPress;1988.

N. Wiener Invention: TheCare and Feedingof Ideas Cambridge:MIT Press1994.
Thereis limited popularwriting on controlideas.An exceptionis

K. Kelly, Outof Control. Reading:Addison-Wesley, 1994.

For somethoughtson theteachingof controlatthe university level, see

D. S. Bernstein,”"EnhancingControl Education,"IEEE Contr Sys. Mag., Vol. 19, pp. 40-43,
October1999.



