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SustainableSustainableSustainableSustainable Energy-WithoutEnergy-WithoutEnergy-WithoutEnergy-Without thethethethe HotHotHotHot AirAirAirAir isisisis anananan excellentexcellentexcellentexcellent 
texttexttexttext onononon energyenergyenergyenergy matters.matters.matters.matters. IIII wouldwouldwouldwould choosechoosechoosechoose itititit asasasas texttexttexttext forforforfor aaaa generalgeneralgeneralgeneral 
educationeducationeducationeducation energyenergyenergyenergy course.course.course.course. InInInIn thisthisthisthis reviewreviewreviewreview IIII willwillwillwill nit-picknit-picknit-picknit-pick whatwhatwhatwhat itititit 
doesn'tdoesn'tdoesn'tdoesn't do,do,do,do, butbutbutbut IIII wouldwouldwouldwould adoptadoptadoptadopt itititit becausebecausebecausebecause itsitsitsits competitors,competitors,competitors,competitors, inininin 
mymymymy view,view,view,view, areareareare tootootootoo wordywordywordywordy orororor notnotnotnot numericnumericnumericnumeric enough.enough.enough.enough. EnergyEnergyEnergyEnergy isisisis aaaa 
seriousseriousseriousserious topictopictopictopic thatthatthatthat isisisis affectedaffectedaffectedaffected bybybyby thethethethe manymanymanymany branchesbranchesbranchesbranches ofofofof thethethethe 
physicsphysicsphysicsphysics tree.tree.tree.tree. MakeMakeMakeMake nononono mistakemistakemistakemistake aboutaboutaboutabout energy'senergy'senergy'senergy's importance.importance.importance.importance. 
WouldWouldWouldWould thethethethe UnitedUnitedUnitedUnited StatesStatesStatesStates havehavehavehave invadedinvadedinvadedinvaded IraqIraqIraqIraq inininin 1991199119911991 (the(the(the(the firstfirstfirstfirst 
time)time)time)time) totototo savesavesavesave thethethethe sanctitysanctitysanctitysanctity ofofofof aaaa smallsmallsmallsmall nation-Kuwait­nation-Kuwait­nation-Kuwait­nation-Kuwait­
withoutwithoutwithoutwithout thethethethe presencepresencepresencepresence ofofofof oiloiloiloil inininin thethethethe MiddleMiddleMiddleMiddle East?East?East?East? IIII believebelievebelievebelieve not,not,not,not, 
sosososo energyenergyenergyenergy isisisis actuallyactuallyactuallyactually aaaa nationalnationalnationalnational securitysecuritysecuritysecurity issue.issue.issue.issue. DoesDoesDoesDoes thethethethe highhighhighhigh 
useuseuseuse ofofofof fossilfossilfossilfossil fuelsfuelsfuelsfuels endangerendangerendangerendanger thethethethe environment?environment?environment?environment? YesYesYesYes itititit does,does,does,does, inininin 
manymanymanymany ways.ways.ways.ways. CanCanCanCan wewewewe dodododo better?better?better?better? OfOfOfOf course,course,course,course, wewewewe can.can.can.can. AndAndAndAnd 
MacKay,MacKay,MacKay,MacKay, aaaa physicsphysicsphysicsphysics professorprofessorprofessorprofessor atatatat thethethethe UniversityUniversityUniversityUniversity ofofofof Cambridge,Cambridge,Cambridge,Cambridge, 
offersoffersoffersoffers thisthisthisthis bookbookbookbook forforforfor freefreefreefree (good(good(good(good forforforfor him)him)him)him) totototo thosethosethosethose whowhowhowho willwillwillwill gogogogo 
totototo (www.withouthotair.com)(www.withouthotair.com)(www.withouthotair.com)(www.withouthotair.com) orororor atatatat aaaa reasonablereasonablereasonablereasonable pricepricepriceprice forforforfor aaaa 
printedprintedprintedprinted versionversionversionversion fromfromfromfrom onlineonlineonlineonline booksellers.booksellers.booksellers.booksellers. 

RenewablesRenewablesRenewablesRenewables vsvsvsvs Enhanced-End-UseEnhanced-End-UseEnhanced-End-UseEnhanced-End-Use Efficiency:Efficiency:Efficiency:Efficiency: U.S.U.S.U.S.U.S. refrig­refrig­refrig­refrig­
eratorseratorseratorserators usedusedusedused 1850185018501850 kWhlyrkWhlyrkWhlyrkWhlyr atatatat thethethethe timetimetimetime ofofofof thethethethe oiloiloiloil embargoembargoembargoembargo ofofofof 
1973-19741973-19741973-19741973-1974 andandandand nownownownow consumeconsumeconsumeconsume 25%25%25%25% ofofofof this,this,this,this, aboutaboutaboutabout 450450450450 kWh!kWh!kWh!kWh! 
yr,yr,yr,yr, savingsavingsavingsaving somesomesomesome 50505050 GWeGWeGWeGWe (gigawatt(gigawatt(gigawatt(gigawatt electric)electric)electric)electric) ofofofof electricalelectricalelectricalelectrical U.S.U.S.U.S.U.S. 
powerpowerpowerpower withwithwithwith improvedimprovedimprovedimproved refrigeratorsrefrigeratorsrefrigeratorsrefrigerators andandandand freezers.freezers.freezers.freezers. AutomobileAutomobileAutomobileAutomobile 
fuelfuelfuelfuel economyeconomyeconomyeconomy doubleddoubleddoubleddoubled fromfromfromfrom 13.513.513.513.5 milesmilesmilesmiles perperperper gallongallongallongallon (mpg)(mpg)(mpg)(mpg) inininin 
1973197319731973 totototo thethethethe 1975197519751975 CorporateCorporateCorporateCorporate AverageAverageAverageAverage FuelFuelFuelFuel EconEconEconEconomyomyomyomy (CAFE)(CAFE)(CAFE)(CAFE) 
valuevaluevaluevalue ofofofof 27.527.527.527.5 mpg,mpg,mpg,mpg, whichwhichwhichwhich hashashashas beenbeenbeenbeen increasedincreasedincreasedincreased totototo 35.535.535.535.5 mpgmpgmpgmpg inininin 
2016.2016.2016.2016. ButButButBut moremoremoremore needsneedsneedsneeds totototo bebebebe done.done.done.done. BuildingBuildingBuildingBuilding standardsstandardsstandardsstandards re­re­re­re­
ducedducedducedduced energyenergyenergyenergy consumptionconsumptionconsumptionconsumption bybybyby 50%,50%,50%,50%, withwithwithwith moremoremoremore savingssavingssavingssavings totototo 
comecomecomecome inininin thethethethe future.future.future.future. RenewableRenewableRenewableRenewable energyenergyenergyenergy isisisis extremelyextremelyextremelyextremely impor­impor­impor­impor­
tant,tant,tant,tant, butbutbutbut itititit isisisis enhanced-end-useenhanced-end-useenhanced-end-useenhanced-end-use efficiencyefficiencyefficiencyefficiency thatthatthatthat willwillwillwill makemakemakemake thethethethe 
largerlargerlargerlarger contributioncontributioncontributioncontribution inininin thethethethe nearnearnearnear term.term.term.term. ToToToTo legislatelegislatelegislatelegislate energyenergyenergyenergy stan­stan­stan­stan­
dards,dards,dards,dards, thethethethe costcostcostcost ofofofof conservedconservedconservedconserved energyenergyenergyenergy mustmustmustmust bebebebe reasonablyreasonablyreasonablyreasonably closeclosecloseclose 
totototo marketmarketmarketmarket prices.prices.prices.prices. AdoptionAdoptionAdoptionAdoption ofofofof higherhigherhigherhigher energyenergyenergyenergy standardsstandardsstandardsstandards isisisis aaaa 
politicalpoliticalpoliticalpolitical issueissueissueissue thatthatthatthat thethethethe U.S.U.S.U.S.U.S. CongressCongressCongressCongress addressesaddressesaddressesaddresses moremoremoremore 
stronglystronglystronglystrongly whenwhenwhenwhen beleaguered--as,beleaguered--as,beleaguered--as,beleaguered--as, forforforfor example,example,example,example, bybybyby anananan oiloiloiloil em­em­em­em­
bargo.bargo.bargo.bargo. ItItItIt isisisis forforforfor thisthisthisthis reasonreasonreasonreason thatthatthatthat thethethethe AmericanAmericanAmericanAmerican PhysicalPhysicalPhysicalPhysical Soci­Soci­Soci­Soci­
ety'sety'sety'sety's ForumForumForumForum onononon PhysicsPhysicsPhysicsPhysics andandandand SocietySocietySocietySociety publishedpublishedpublishedpublished AlPAlPAlPAlP Confer­Confer­Confer­Confer­
enceenceenceence Proceedings,Proceedings,Proceedings,Proceedings, PhysicsPhysicsPhysicsPhysics ofofofof SustainableSustainableSustainableSustainable Energy:Energy:Energy:Energy: UsingUsingUsingUsing 
EnergyEnergyEnergyEnergy EfficientlyEfficientlyEfficientlyEfficiently andandandand ProducinfProducinfProducinfProducinf ItItItIt Renewably,Renewably,Renewably,Renewably, withwithwithwith techni­techni­techni­techni­
calcalcalcal chapterschapterschapterschapters bybybyby 30303030 U.S.U.S.U.S.U.S. experts.experts.experts.experts. MacKay'sMacKay'sMacKay'sMacKay's SustainableSustainableSustainableSustainable En­En­En­En­
ergyergyergyergy discussesdiscussesdiscussesdiscusses renewablesrenewablesrenewablesrenewables moremoremoremore thoroughlythoroughlythoroughlythoroughly thanthanthanthan enhanced­enhanced­enhanced­enhanced­
end-useend-useend-useend-use efficiencyefficiencyefficiencyefficiency technologies.technologies.technologies.technologies. IIII wouldwouldwouldwould reversereversereversereverse thatthatthatthat prioritypriorityprioritypriority 
inininin aaaa secondsecondsecondsecond edition.edition.edition.edition. ItItItIt isisisis aaaa pleasurepleasurepleasurepleasure totototo talktalktalktalk ofofofof sun,sun,sun,sun, wind,wind,wind,wind, andandandand 
biomass,biomass,biomass,biomass, andandandand perhapsperhapsperhapsperhaps lesslesslessless excitingexcitingexcitingexciting totototo talktalktalktalk ofofofof betterbetterbetterbetter appli­appli­appli­appli­
ances,ances,ances,ances, lighting,lighting,lighting,lighting, buildingsbuildingsbuildingsbuildings andandandand automobiles,automobiles,automobiles,automobiles, butbutbutbut fasterfasterfasterfaster resultsresultsresultsresults 
willwillwillwill comecomecomecome fromfromfromfrom enhanced-end-useenhanced-end-useenhanced-end-useenhanced-end-use efficiencyefficiencyefficiencyefficiency improvements.improvements.improvements.improvements. 
TheTheTheThe 2009200920092009 AmericanAmericanAmericanAmerican PhysicalPhysicalPhysicalPhysical SocietySocietySocietySociety rerrtrerrtrerrtrerrt EnergyEnergyEnergyEnergy Future:Future:Future:Future: 
ThinkThinkThinkThink EfficiencyEfficiencyEfficiencyEfficiency isisisis aaaa goodgoodgoodgood placeplaceplaceplace totototo start.start.start.start. 

WillWillWillWill renewablerenewablerenewablerenewable energyenergyenergyenergy produceproduceproduceproduce allallallall u.K.u.K.u.K.u.K. ssss Energy?Energy?Energy?Energy? 
MacKayMacKayMacKayMacKay doesdoesdoesdoes aaaa goodgoodgoodgood jobjobjobjob scopingscopingscopingscoping outoutoutout thethethethe possiblepossiblepossiblepossible alternativealternativealternativealternative asasasas onononon personalpersonalpersonalpersonal drivingdrivingdrivingdriving patterns?patterns?patterns?patterns? 

energyenergyenergyenergy suppliessuppliessuppliessupplies forforforfor thethethethe UnitedUnitedUnitedUnited Kingdom.Kingdom.Kingdom.Kingdom. WithWithWithWith nicenicenicenice graphicsgraphicsgraphicsgraphics 
hehehehe displaysdisplaysdisplaysdisplays upper-boundupper-boundupper-boundupper-bound alternativealternativealternativealternative energyenergyenergyenergy productionproductionproductionproduction ratesratesratesrates 
onononon pagepagepagepage lO7.lO7.lO7.lO7. HeHeHeHe concludesconcludesconcludesconcludes thatthatthatthat contributionscontributionscontributionscontributions ofofofof thethethethe alterna­alterna­alterna­alterna­
tivestivestivestives havehavehavehave beenbeenbeenbeen overestimated:overestimated:overestimated:overestimated: "Figure"Figure"Figure"Figure 18.118.118.118.1 isisisis bleakbleakbleakbleak news.news.news.news. 
Yes,Yes,Yes,Yes, technicallytechnicallytechnicallytechnically BritainBritainBritainBritain hashashashas 'huge''huge''huge''huge' renewables.renewables.renewables.renewables. ButButButBut realisti­realisti­realisti­realisti­
cally,cally,cally,cally, IIII don'tdon'tdon'tdon't thinkthinkthinkthink BritainBritainBritainBritain cancancancan livelivelivelive onononon itsitsitsits ownownownown renewables-atrenewables-atrenewables-atrenewables-at 
leastleastleastleast notnotnotnot thethethethe waywaywayway wewewewe currentlycurrentlycurrentlycurrently live."live."live."live." AndAndAndAnd onononon p.p.p.p. 222,222,222,222, "We"We"We"We areareareare 
notnotnotnot onononon tracktracktracktrack totototo aaaa zero-carbonzero-carbonzero-carbonzero-carbon future."future."future."future." AndAndAndAnd onononon p.p.p.p. 250,250,250,250, "I"I"I"I amamamam 
worriedworriedworriedworried wewewewe won'twon'twon'twon't getgetgetget offoffoffoff fossilfossilfossilfossil fuelsfuelsfuelsfuels whenwhenwhenwhen wewewewe needneedneedneed to."to."to."to." TheTheTheThe 
goodgoodgoodgood newsnewsnewsnews forforforfor theirtheirtheirtheir formerformerformerformer colonycolonycolonycolony isisisis thatthatthatthat thethethethe U.S.U.S.U.S.U.S. isisisis inininin aaaa 
betterbetterbetterbetter positionpositionpositionposition totototo makemakemakemake thisthisthisthis transitiontransitiontransitiontransition thanthanthanthan thethethethe U.K.U.K.U.K.U.K. TheTheTheThe U.K.U.K.U.K.U.K. 
averageaverageaverageaverage solarsolarsolarsolar fluxfluxfluxflux atatatat llOllOllOllO WWWW1m1m1m1m2222 isisisis lesslesslessless thanthanthanthan one-halfone-halfone-halfone-half thatthatthatthat ofofofof 
thethethethe U.S.U.S.U.S.U.S. Southwest.Southwest.Southwest.Southwest. InInInIn thethethethe plentifulplentifulplentifulplentiful sunnysunnysunnysunny regionsregionsregionsregions ofofofof thethethethe 
U.S.,U.S.,U.S.,U.S., photovoltaicphotovoltaicphotovoltaicphotovoltaic (PV)(PV)(PV)(PV) systemssystemssystemssystems produceproduceproduceproduce electricityelectricityelectricityelectricity onononon 
houseshouseshouseshouses atatatat 30303030 centslkWhcentslkWhcentslkWhcentslkWh (less(less(less(less inininin utilityutilityutilityutility complexes),complexes),complexes),complexes), butbutbutbut withwithwithwith 
time-of-daytime-of-daytime-of-daytime-of-day pricing,pricing,pricing,pricing, thisthisthisthis electricityelectricityelectricityelectricity cancancancan bebebebe soldsoldsoldsold atatatat thatthatthatthat raterateraterate inininin 
thethethethe summersummersummersummer monthsmonthsmonthsmonths forforforfor airairairair conditioning,conditioning,conditioning,conditioning, butbutbutbut thatthatthatthat isisisis forforforfor onlyonlyonlyonly 
partpartpartpart ofofofof thethethethe yearyearyearyear andandandand notnotnotnot afterafterafterafter sunset.sunset.sunset.sunset. TheTheTheThe 1111 kWkWkWkW PVPVPVPV onononon mymymymy 
roofroofroofroof isisisis notnotnotnot economical,economical,economical,economical, costingcostingcostingcosting twotwotwotwo totototo threethreethreethree timestimestimestimes thethethethe locallocallocallocal 
price,price,price,price, butbutbutbut IIII enjoyenjoyenjoyenjoy itititit everyeveryeveryevery day.day.day.day. ItItItIt isisisis importantimportantimportantimportant totototo realizerealizerealizerealize thatthatthatthat 
thethethethe pricepricepriceprice ofofofof traditionaltraditionaltraditionaltraditional electricityelectricityelectricityelectricity isisisis risingrisingrisingrising whilewhilewhilewhile photovoltaicphotovoltaicphotovoltaicphotovoltaic 
costscostscostscosts drop;drop;drop;drop; atatatat somesomesomesome pointpointpointpoint thethethethe curvescurvescurvescurves willwillwillwill cross.cross.cross.cross. SolarSolarSolarSolar powerpowerpowerpower 
willwillwillwill reducereducereducereduce peakpeakpeakpeak powerpowerpowerpower inininin California,California,California,California, butbutbutbut itititit isisisis aaaa longlonglonglong waywaywayway 
fromfromfromfrom supplyingsupplyingsupplyingsupplying nighttimenighttimenighttimenighttime power.power.power.power. WindWindWindWind powerpowerpowerpower isisisis competitivecompetitivecompetitivecompetitive 
inininin manymanymanymany regions,regions,regions,regions, butbutbutbut itititit isisisis aaaa fluctuatingfluctuatingfluctuatingfluctuating supply.supply.supply.supply. U.S.U.S.U.S.U.S. farmersfarmersfarmersfarmers 
areareareare happyhappyhappyhappy totototo rentrentrentrent thethethethe spacespacespacespace overoveroverover theirtheirtheirtheir cropscropscropscrops inininin thethethethe windywindywindywindy 
Midwest.Midwest.Midwest.Midwest. TheTheTheThe transitiontransitiontransitiontransition totototo renewablesrenewablesrenewablesrenewables shouldshouldshouldshould bebebebe easiereasiereasiereasier forforforfor 
thethethethe U.S.U.S.U.S.U.S. thanthanthanthan forforforfor thethethethe U.K.U.K.U.K.U.K. forforforfor twotwotwotwo reasons:reasons:reasons:reasons: (1)(1)(1)(1) TheTheTheThe U.S.U.S.U.S.U.S. hashashashas 
beenbeenbeenbeen blessedblessedblessedblessed withwithwithwith cheapcheapcheapcheap energyenergyenergyenergy inininin thethethethe past,past,past,past, therebytherebytherebythereby becom­becom­becom­becom­
inginginging lesslesslessless efficientefficientefficientefficient butbutbutbut providingprovidingprovidingproviding greatgreatgreatgreat opportunitiesopportunitiesopportunitiesopportunities totototo savesavesavesave 
energy,energy,energy,energy, andandandand (2)(2)(2)(2) thethethethe U.S.U.S.U.S.U.S. hashashashas moremoremoremore favorablefavorablefavorablefavorable andandandand largerlargerlargerlarger areasareasareasareas 
totototo produceproduceproduceproduce alternatealternatealternatealternate energy.energy.energy.energy. InInInIn hishishishis nextnextnextnext edition,edition,edition,edition, MacKayMacKayMacKayMacKay 
shouldshouldshouldshould describedescribedescribedescribe thethethethe smartsmartsmartsmart gridgridgridgrid thatthatthatthat isisisis neededneededneededneeded totototo balancebalancebalancebalance windwindwindwind 
atatatat nightnightnightnight withwithwithwith sunshinesunshinesunshinesunshine ofofofof thethethethe day,day,day,day, alongalongalongalong withwithwithwith spotspotspotspot pricingpricingpricingpricing ofofofof 
electricityelectricityelectricityelectricity thatthatthatthat usesusesusesuses marketmarketmarketmarket forcesforcesforcesforces totototo lessenlessenlessenlessen demanddemanddemanddemand duringduringduringduring 
peakpeakpeakpeak powerpowerpowerpower times.times.times.times. 

EconomicsEconomicsEconomicsEconomics forforforfor thethethethe masses:masses:masses:masses: EconomicsEconomicsEconomicsEconomics willwillwillwill bebebebe thethethethe keykeykeykey totototo 
thethethethe adoptionadoptionadoptionadoption ofofofof alternativealternativealternativealternative energyenergyenergyenergy technologies.technologies.technologies.technologies. SustainableSustainableSustainableSustainable 
EnergyEnergyEnergyEnergy beginsbeginsbeginsbegins thisthisthisthis processprocessprocessprocess withwithwithwith anananan examinationexaminationexaminationexamination ofofofof thethethethe sci­sci­sci­sci­
enceenceenceence aspectsaspectsaspectsaspects andandandand thenthenthenthen puttingputtingputtingputting thethethethe costscostscostscosts inininin perspectiveperspectiveperspectiveperspective (Chap.(Chap.(Chap.(Chap. 
28).28).28).28). TheTheTheThe tabulartabulartabulartabular resultsresultsresultsresults areareareare interestinginterestinginterestinginteresting (p.(p.(p.(p. 216),216),216),216), butbutbutbut theytheytheythey needneedneedneed 
anananan economicseconomicseconomicseconomics primerprimerprimerprimer totototo deependeependeependeepen understandingunderstandingunderstandingunderstanding ofofofof opportunityopportunityopportunityopportunity 
costscostscostscosts andandandand presentpresentpresentpresent valuevaluevaluevalue accounting.accounting.accounting.accounting. AAAA usefulusefulusefuluseful waywaywayway totototo dodododo thisthisthisthis isisisis 
totototo determinedeterminedeterminedetermine thethethethe annualannualannualannual costcostcostcost ofofofof capitalcapitalcapitalcapital andandandand dividedividedividedivide bybybyby thethethethe 
annualannualannualannual energyenergyenergyenergy saved,saved,saved,saved, totototo obtainobtainobtainobtain thethethethe costcostcostcost ofofofof conservedconservedconservedconserved (or(or(or(or pro­pro­pro­pro­
duced)duced)duced)duced) energyenergyenergyenergy inininin moneylkWh,moneylkWh,moneylkWh,moneylkWh, money/gallon,money/gallon,money/gallon,money/gallon, orororor money/life­money/life­money/life­money/life­
saved.saved.saved.saved. MacKayMacKayMacKayMacKay usesusesusesuses approximateapproximateapproximateapproximate numbersnumbersnumbersnumbers totototo comparecomparecomparecompare issuesissuesissuesissues 
totototo separateseparateseparateseparate importantimportantimportantimportant issuesissuesissuesissues fromfromfromfrom lesslesslessless importantimportantimportantimportant onesonesonesones thatthatthatthat areareareare 
distracting.distracting.distracting.distracting. HeHeHeHe needsneedsneedsneeds totototo beefbeefbeefbeef upupupup thethethethe economicseconomicseconomicseconomics inininin hishishishis nextnextnextnext 
edition.edition.edition.edition. AnAnAnAn interestinginterestinginterestinginteresting placeplaceplaceplace totototo beginbeginbeginbegin isisisis thethethethe scenario­scenario­scenario­scenario­
dependentdependentdependentdependent analysisanalysisanalysisanalysis ofofofof thethethethe purchasepurchasepurchasepurchase ofofofof anananan electricelectricelectricelectric car,car,car,car, whichwhichwhichwhich 
dependsdependsdependsdepends onononon thethethethe costcostcostcost andandandand lifelifelifelife ofofofof thethethethe lithiumlithiumlithiumlithium battery,battery,battery,battery, asasasas wellwellwellwell onononon 



GeneralGeneralGeneralGeneral EducationEducationEducationEducation Courses:Courses:Courses:Courses: ManyManyManyMany energyenergyenergyenergy textstextstextstexts forforforfor gen­gen­gen­gen­
eraleraleraleral educationeducationeducationeducation coursescoursescoursescourses areareareare notnotnotnot fulfillingfulfillingfulfillingfulfilling fromfromfromfrom aaaa physicist'sphysicist'sphysicist'sphysicist's 
pointpointpointpoint ofofofof view.view.view.view. TheyTheyTheyThey cancancancan bebebebe tootootootoo thickthickthickthick withwithwithwith factsfactsfactsfacts andandandand pictures,pictures,pictures,pictures, 
butbutbutbut theytheytheythey oftenoftenoftenoften lacklacklacklack quantificationquantificationquantificationquantification andandandand simplesimplesimplesimple equations.equations.equations.equations. Stu­Stu­Stu­Stu­
dentsdentsdentsdents getgetgetget nervousnervousnervousnervous ifififif numbersnumbersnumbersnumbers orororor equationsequationsequationsequations areareareare tootootootoo plentiful.plentiful.plentiful.plentiful. 
ThereThereThereThere isisisis aaaa bigbigbigbig differencedifferencedifferencedifference betweenbetweenbetweenbetween thethethethe studentsstudentsstudentsstudents onononon mymymymy campuscampuscampuscampus 
inininin PhysicalPhysicalPhysicalPhysical ScienceScienceScienceScience 320320320320 andandandand PhysicsPhysicsPhysicsPhysics 320.320.320.320. IIII amamamam awareawareawareaware ofofofof thethethethe 
blowbackblowbackblowbackblowback fromfromfromfrom PhysicalPhysicalPhysicalPhysical ScienceScienceScienceScience 320320320320 studentsstudentsstudentsstudents whenwhenwhenwhen issuesissuesissuesissues 
suchsuchsuchsuch asasasas uraniumuraniumuraniumuranium enrichment,enrichment,enrichment,enrichment, pollutionpollutionpollutionpollution plumes,plumes,plumes,plumes, orororor climateclimateclimateclimate 
changechangechangechange areareareare describeddescribeddescribeddescribed withwithwithwith tootootootoo muchmuchmuchmuch physicsphysicsphysicsphysics gusto.gusto.gusto.gusto. ManyManyManyMany 
studentsstudentsstudentsstudents whowhowhowho dodododo wellwellwellwell inininin mathmathmathmath coursescoursescoursescourses dodododo notnotnotnot dodododo asasasas wellwellwellwell whenwhenwhenwhen 
thisthisthisthis mathmathmathmath isisisis appliedappliedappliedapplied totototo realrealrealreal objects.objects.objects.objects. SinceSinceSinceSince wewewewe usuallyusuallyusuallyusually havehavehavehave aaaa 
student'sstudent'sstudent'sstudent's attentionattentionattentionattention onononon thethethethe topictopictopictopic ofofofof energyenergyenergyenergy forforforfor onlyonlyonlyonly oneoneoneone term,term,term,term, 
theretheretherethere isisisis aaaa trade-offtrade-offtrade-offtrade-off betweenbetweenbetweenbetween breadthbreadthbreadthbreadth ofofofof materialmaterialmaterialmaterial andandandand depthdepthdepthdepth ofofofof 
materialmaterialmaterialmaterial covered.covered.covered.covered. IIII wouldwouldwouldwould choosechoosechoosechoose SustainableSustainableSustainableSustainable EnergyEnergyEnergyEnergy asasasas aaaa 
texttexttexttext overoveroverover itsitsitsits competitorscompetitorscompetitorscompetitors becausebecausebecausebecause MacKayMacKayMacKayMacKay hashashashas movedmovedmovedmoved thethethethe 
energyenergyenergyenergy discussiondiscussiondiscussiondiscussion inininin thethethethe directiondirectiondirectiondirection wherewherewherewhere energyenergyenergyenergy alternativesalternativesalternativesalternatives 
cancancancan bebebebe consideredconsideredconsideredconsidered quantitatively.quantitatively.quantitatively.quantitatively. OnlyOnlyOnlyOnly aaaa fewfewfewfew universitiesuniversitiesuniversitiesuniversities of­of­of­of­
ferferferfer upperupperupperupper divisiondivisiondivisiondivision physicsphysicsphysicsphysics energyenergyenergyenergy courses,courses,courses,courses, asasasas thethethethe purepurepurepure sidesidesideside ofofofof 
physicsphysicsphysicsphysics isisisis moremoremoremore inininin demanddemanddemanddemand withwithwithwith thethethethe studentsstudentsstudentsstudents andandandand moremoremoremore ac­ac­ac­ac­
ceptableceptableceptableceptable totototo thethethethe faculty-afaculty-afaculty-afaculty-a situationsituationsituationsituation thatthatthatthat needsneedsneedsneeds change.change.change.change. 
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