PREFACE

| recallthatas| lay in my room with a migraineheadachen December 1958, an ideacameto
mind. Therewas naturally, a certain period of time requiredfor developmentof this idea which
accountdor the modestdelayin bringingit to print, but hereit sits beforeyou now. In the interim, |
have publisheda numberof paperson the subjectin the variousjournals However there are gaps
betweerthe papersandthereis a body of knowledgethat mustbe assimilatedbeforethesepaperscan
evenberead With this book | havetried to fill thesegapsand providethe fundamentabody of basic
knowledge Theideahasmaturedthroughtheyears sothatmy early paperson the subjectnow seemto
measquaint primitive, andsometimes trifle embarrassingrhis bookupdateghings

| presentherea theoryof perceptionwhich is baseduponthe premisethata perceiveris necessary
if thereis to beaworld externalto this perceiver Couchedn otherlanguagethe existenceof theworld
is relative in someway, to the perceiverof thatworld. My debtto GeorgeBerkeleyis supreme

Taking this philosophy of perceptualrelativity as a given my first problem was to find a
mathematicabtructurethat would supportit. After rathera lot of searching did find a candidatefor
sucha mathematicabtructure— onethat did not dissolvein the next migraine— andmy problemwas
thento testor validateit.

| chosethe field of sensoryscience(neurophysiologyand psychophysicsas a proving-ground
becausehis field is repletewith empiricalequations- thatis, equationghat describeexperimentsbut
which arewithout any known theoreticalbasis If my candidatgfor mathematicastructurewasa good
ong it should permit derivation from this mathematicalbase of all (or many) of the empirical
equationsof sensoryscience and shouldprovide a degreeof conceptualunity to the field of sensory
science

Pleasenoticethat| haveavoidedusingthe term mathematicamodelfor the structurein question|
havethe feeling thata mathematicaiodelis somethingcreatedoy the modeler thathe canmodify to
suit his desiresLike clay in the potter s hands | haveno suchfeelingswith regardto the mathematical
structurepresentedhere | feel moreasif | have“unearthet the structureor, at best discoveredt. It
wasthereall along andl justfoundit. It is not really mine to modify at my whim. It is too simpleand
too fundamentah concept

For whom is this book intende@® | think it is for thosewith a keendesireto understandvhatis
meant by perceptionor sensation— not specifically this perceptualphenomenoror that sensory
mechanismbut somethingcloserto the fundamentahatureof the perceptualprocessthe conscious
apprehensionf the world by a living (or nonliving!) creature But beforeyou sayto yourself“That s
me for suré” (you would neversayto yourself“Thatis I!”) you had betterconsiderthe overhead If
your backgrounds largely in the physicalsciencesis your desirepowerful enoughto impel you to
study — not just read — the purely physiological and psychologicalchaptersof this book before
proceedingto the more physically oriented materia? And if your backgroundis in biology or
psychology are you preparedto take the time to brushup on, or learnde novg the necessaryasic
mathematic® You don't needa lot of mathematicaknowledgeto get throughthis book but you do
requireat leastone courseon basiccalculusandsomeintroductorymathematicastatistics Experience
hasshownme thatit is absolutelymandatory for comprehensiomf this material to understanda)
logarithmsand exponentialsand (b) the Taylor seriesin one variable With respecto the latter, you
should be able to expand for example €* or In(1+x), -1 < x £ 1, in a Taylor series Not exactly
highermathematicsbut at leastthatlevelis requiredto follow whatis containedon thesepages

The book is intendedfor psychophysicistand physicists for sensoryphysiologists for engineers
and computerscientistsinterestedn perceptualphenomenaand for anyonewith a desireto explore
sensatiorandperceptiorfrom a new perspectiveThe materialin this book hasformedpartof a course
givenyearlyto seniorundergraduateis the Departmenbf Physiology andto studentsn the Schoolof
GraduateStudiesat the University of Toronta Among the offerings of this book are explanationsof
why both Fechne'rs and Stevens laws are valid, to differing degreesin different circumstanceswhy
we canreactmorerapidly to a moreintensestimulus andhow perceptionn the biological sensecanbe
relatedto “quantumobservatioh, asexpresseth quantummechanics
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Preface X

Chapterl providessomeorientation Chapter2 introduceghe entropictheoryof perceptionwhich,
| hope will encouragethe readerto study the next six chaptersof backgroundmaterialin depth
Chapters3 to 8 providebackgroundn sensorysciencethermodynamicsindstatisticalmechanicsand
informationtheory. The reademmay choosefrom thesechapterso complementis or her background
For example a physicsmajor doesnot requiremy 2crashcoursé@ in thermodynamicsWhile Chapter3
providesbasicsensoryscience it is my experienceghat many sensoryscientistsare not too familiar
with thesequantitativeaspectsof their field. When fortified by the materialin Chapters3 to 8, the
readershouldfind no difficulty with Chapter9, wherethe fundamentakquationsof the entropictheory
of perceptionare developed My journal papersoften started at the level of Chapter9, making the
assumptiorthatthereadercould providethe necessaryackground

ChapterdlO to 14 areheavily numerica) providing the experimentatestingof the theory. No actof
faith is requiredon the part of the readerto acceptthe validity of the theorythat hasbeendeveloped
Scoresof experimentarecordsand graphsare presentedn the book The readey armedonly with a
pocketcalculator canconfirm or denythe capability of the theoryto explainthe data Predictionsare
alsomadewhich transcendheavailabledata

Fundamentallyl presentherea singleequation F = kH, anda mathematicaktructurefor H. It is
demonstratedhat from this singleequationfollow mostof the empiricalequationf psychophysicsl
entreatthe readerto judge the equationnot on its ability to generateany one sensorylaw, suchas
Fechne'rslaw or the powerlaw of sensationwhich might beimprovedby the ad hocadditionof terms
but by thetotality of its capabilitiest the ability of a singleequationto accomplishmultiple tasks

A paralleltheme begunlaterin thebook is the developmenbf the perceptualunit, a structurethat
can of itself, perceive or be aware The approachtakenhereis, in a sense complementaryo that of
the neural network modelers In the latter approachit is hopedthat higher mental functions may
emergefrom theinterplayof a largenumberof very simpleunits. In the former, entropicapproachthe
germof highermentalfunctionis encapsulateth a singleperceptualinit

Chaptersl5 and 16 give the history of developmenbf the entropicidea Thatis, chronologically
onewould placethesechaptersaaschaptersl and2. However | wantedthe readerto samplethe power
of F = kH beforelearningof the origins of the idea Chapterl7 is aflight of fancy. While it is easyto
readasa standalonechaptersincethereareno equations| fervently hopethatmy readerswill notdo
so. The sole claim of this chapteris thatit issuesfrom, or is an extrapolationof, the more restricted
form of the entropytheorywhich makesup the restof the book andwhich | havestrivenso hardto
validateusing experimentadata Only whenthe extentof validity of the coretheoryis establishedn
the mind of the readey can he or she attain the perspectivefrom which to judge the merits of the
extrapolation®fferedin the final chapter Chapterl7 may provide materialfor firesidediscussionbut
the readermust not emergefrom readingthis book with the impressionthat it was aboutcochlear
implantsor Darwinianevolution | invokedthe metaphorof a dessertwhich is lastin a meal but does
not containthe greatespartof its nourishment

The book dealswith sensationin general and not with any particular organ of sensation It
demonstrateBow onemay derivemanyof the mathematicalaws of sensatiorwithoutreferenceto the
mechanisnof sensorytransduction How is sucha thing possibl® Surelyyou haveto know how the
organworks beforeyou can make a mathematicaktatementboutits function Not so. Laws of the
aconservatiof type, such as found in thermodynamics permit one to formulate mathematical
constraintsvithout knowledgeof specificmechanisms

By way of analogy considerarectangulagrid of streetsasshownin the mapbelow.
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Preface Xi

The grid is divided into 25 squares representingcity blocks The north-south streetsare all
oneway streetsleading north, and the eastwest streetsare all oneway streetsleading east An
automobilebeginsat START andreachests destinatiorat FINISH.

() Whatdistancewastraversedy the automobileasit travelledfrom START to FINISH, without
violating the oneway laws?

(b) Whatroutewastakenby theautomobileasit travelledfrom START to FINISH?

Clearly the answerto (@) is 10 blocks and the answerto (b) is unknown We know the total
distance covered (analogousto a conservationlaw), but we do not know the exact route (or
amechanisr?). In the sameway we shall be able to discover to somedegree how a tasteor light
receptomrespondso its specificstimulusby observingthe total amountof informationit receivesrom
its stimulus (cf. total numberof blockstravelled, but we may not be ableto say anythingaboutthe
anatomyor specificphysiologicalmechanisnof thereceptor(cf. exactroutetakenby the automobilg.

| am gratefulto a numberof my colleaguesand studentsfor their supportand assistancen the
writing of thisbook Particularthanksto (mathematiciapnBeatriceAebersoldfor proofreadingthefirst
twelve chapterswith specialattentionto mathematicabccuracy | am gratefulto ProfessoiLawrence
Ward for many discussionson the entropytheory, and for his insightful commentson the difficult
Chapter13. Especialthanksto (physicis) Willy Wong for his commentaryon the quantumphysical
sectionsof this book for his help is carrying out many of the curvefits, andfor assistancavith the
computerprogrammingthat wasneededo preparemanyof the diagrams As always the authorbears
full responsibilityfor the materialaspresented

| am mostgratefulto the Natural Sciencesand EngineeringResearchCouncil of Canadafor their
supportof muchof theresearclon the entropytheoryof perception
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